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OBSERVATIONS    ON    THE    PRESENCE    OF    THE  ANTI- 

NEURITIC    SUBSTANCE,    WATER-SOLUBLE    B, 

IN   CHLOROPHYLL-FREE  PLANTS. 

By  C.  R.  ORTON, 

{Contribution  A'o.  37  from  the  Department  of  Botany,  The  Pennsylvania 
State  College,  Slate  College.) 

AND  E.  V.  McCOLLUM  and  NINA  SIMMONDS. 

(From  the  Department  of  Chemical  Hygiene,  School  of  Hygiene  and  Public 
Health,  Johns  Hopkins  University,  Baltintore.) 

(Received  for  publication,  April  20,  1922.) 

The  numerous  studies  of  the  last  few  years  have  shown  that 
the  dietary  factor,  water-soluble  B,  is  almost,  if  not  quite,  uni- 
versally distributed  among  natural  food  substances  of  vegetable 
origin,  although  there  are  wide  variations  in  the  amounts  of  it 
which  are  furnished  by  different  tissues.  Thus,  the  germ  of 
wheat  is  extraordinarily  rich  in  this  vitamin,  whereas  the  onion 
bulb  proved  inadequate  for  the  protection  of  the  Philippine  Scouts 
against  beri-beri  in  1910-15  (1),  and  McCarrison  (2)  found  that 
pigeons  developed  typical  beri-beri  on  a  diet  containing  liberal 
amounts  of  onion,  indicating  that  the  onion  bulb  is  extremely 
deficient  in  water-soluble  B. 

Osborne  and  Mendel  (3)  have  reported  experiments  which  indi- 
cate that  rats  which  have  been  brought  to  a  condition  where  they 
were  declining  as  the  result  of  lack  of  water-soluble  B,  responded 
well  when  they  were  fed  onion  in  a  liberal  amount.  It  appoai-s 
from  their  observations  that  the  onion  is  not  entirely  free  from 
this  vitamin.  In  our  own  laboratory  we  have  tested  onion 
with  similar  results  (4). 

There  is  no  difficulty  about  seeming  foods  which  are  entirely 
lacking  in  fat-soluble  A  and  water-soluble  C,  the  antiophthalmic 
and  antiscorbutic  substances  respectively,  but  it  is  very  difTicult 
to  secure  sources  of  the  factor  C,  which  do  not  contain  the  factor 
B.     For  the  purpose  of  enabling  investigators  to  prepare  easily 
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rations  which  are  suitable  for  inducing  uncomplicated  beri-bcii, 
it  is  very  desirable  that  we  have  some  readily  obtainable  articles 
of  diet  which  possess  no  water-soluble  B,  but  an  abundance  of 
water-soluble  C.  We  have,  accordingly,  given  some  attention 
to  examining  unusual  or  highly  specialized  plant  tissues,  in  the 
hope  of  placing  at  the  disposal  of  students  of  nutrition,  foodstuffs 
with  these  unique  properties. 

We  have  sought  to  test  the  question  whether  in  plant  tissues 
the  vitamin,  water-soluble  B,  is  associated  directly  with  the 
chloroplasts.  Etiolated  leaves  appear  from  our  studies  to  be  as 
effective  sources  of  water-soluble  B  as  are  leaves  in  which  chloro- 
phyll has  been  caused  to  develop  as  the  result  of  illumination. 
The  possibility  still  remains,  however,  that  the  vitamin  may  be 
associated  with  the  chloroplast  which  is  present  in  the  leaf,  even 
though  chlorophyll  exists  only  as  a  precursor  which  quickly  trans- 
forms in  the  presence  of  light.  The  roots  of  the  onion  contain 
no  chloroplasts,  and  it  was  thought  worth  while  to  test  these  for 
their  antineuritic  properties. 

When  the  bases  of  onion  bulbs  are  immersed  in  water  under 
suitable  conditions  of  temperature  they  send  out  numerous  roots. 
It  is  easy,  although  time-consuming,  to  secure  considerable 
amounts  of  this  plant  tissue,  which  contain  none  of  the  anatomic 
structures  concerned  with  photosynthesis. 

Our  tests  have  been  made  by  the  following  procedure:  Young 
rats  weighing  about  50  gna.  were  restricted  to  a  diet  consisting  of 

per  cent 

Casein 180 

Salt  mixture  (185) 3.7 

Agar-agar 2.0 

Dextrin 71.3 

Butter  fat 5.0 

On  this  diet  they  may  increase  slightly  in  weight  during  the 
first  2  or  3  weeks,  but  thereafter  they  steadily  decline  in  weight 
and  lose  their  muscular  strength.  Eventually,  unless  the  dietary 
factor  water-soluble  B,  which  is  the  sole  deficiency  in  this  food, 
in  as  'far  as  the  needs  of  the  rat  are  concerned,  is  added,  death 
supervenes,  with  or  without  the  development  of  acute  symptoms 
of  beri-beri.  It  is  best  to  administer  the  substance  whose  vita- 
min content  it  is  desired  to  determine  before  the  animals  have 


Orton,  McCoUum,  and  Simmonds  3 

deteriorated  too  far  physically.  In  practice  we  have  allowed  the 
animals  to  remain  on  the  deficient  diet  until  their  appearance 
and  loss  of  weight  showed  clearly  that  they  were  repeating  the 
usual  behavior  of  animals  on  diets  free  from  water-soluble  B. 
We  then  modified  the  diet  by  replacing  a  part  of  the  dextrin  by 
the  food  substance  which  we  desired  to  studj'. 

Test  of  Onion  Root  for  Water-Soluble  B. 

Two  young  rats  were  prepared  as  alcove  described  for  testing 
the  value  of  onion  roots  for  water-soluble  B.  On  the  29th  day 
the  diet  was  modified  by  the  introduction  of  4.4  per  cent  of  dry 
onion  roots.  One  animal  died  ahnost  as  soon  as  this  change  was 
made.  The  other  responded  in  a  manner  which  is  illustrated  by 
the  curve  in  the  accompamdng  chart  (Lot  2973  D).  It  is  e%adent 
that  onion  roots  contain  a  small  amount  of  water-soluble  B,  but 
not  more  than  a  similar  amount  of  a  cereal  grain.  It  would  re- 
quire about  15  to  20  per  cent  of  whole  wheat  to  cause  the  recovery 
and  resumption  of  growth  in  a  rat  in  the  condition  of  the  one 
described.  About  3  per  cent  of  wheat  germ  would  suffice  to  bring 
about  thi.s  result. 

A  Test  of  a  Mushroom  {Agaricus  campestris)  for  Water-Soluble  B. 

Two  young  rats  were  prepared  in  the  usual  way  h\  restricting 
them  to  the  diet  which  was  satisfactory  in  all  respects  except 
that  it  lacked  water-soluble  B.  At  the  end  of  the  4th  week  both 
were  definitely  declining.  On  the  29th  day,  9  per  cent  of  dried 
Agaricus  campestris  was  introduced  into  the  food  formula  in  place 
of  an  equivalent  amount  of  dextrin.  No  other  change  was  made 
in  the  feed  or  management  of  the  animals.  Their  response  with 
increased  physical  strength  and  improved  appearance  was  immed- 
iate. They  began  at  once  to  grow,  and  continued  to  do  so  to 
the  end  of  the  test,  which  lasted  until  one  had  increased  in  weight 
from  85  to  148  gm.  The  other  increased  from  a  body  weight  of 
70  to  115  gm.  The  mushroom  feeding  period  extended  over  5 
weeks.  This  indicates  that  the  mushroom  is  an  excellent  source 
of  water-soluble  B.  Coward  and  Drummond  (5)  have  recently 
reported  that  Agaricus  campestris  is  almost  devoid  of  fat-soluble  A. 
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Test  of  Indian-Pipe  {Monotropa  uniflora)  for  Water-Soluble  B. 

Our  supply  of  material  was  limited  to  20  gm.  of  the  dry  sub- 
stance of  this  plant.  We,  therefore,  limited  our  test  to  a  single 
animal.  This  was  restricted  as  above  described  to  the  experi- 
mental diet  to  bring  it  into  a  condition  where  its  body  was 
depleted  of  water-soluble  B.  On  the  29th  day,  when  it  was  de- 
clining in  vigor  in  the  usual  manner,  the  diet  was  modified  so  as 
to  include  8  per  cent  of  Monotropa  uniflora  in  place  of  an  equiva- 
lent amount  of  dextrin.  There  was  no  response  with  growth, 
but  the  condition  of  the  animal  improved,  and  it  remained  active 
over  a  period  of  7  weeks.  At  this  point  the  experimental  ration 
was  exhausted  and  the  test  was  discontinued.  The  experiment 
is  inconclusive,  but  indicates  that  Monotropa  uniflora  probably 
contains  a  moderate  amount  of  water-soluble  B  for  the  rat's 
life  was  prolonged  beyond  the  average  of  those  which  we  have 
seen  restricted  to  this  diet  without  a  source  of  water-soluble  B. 

Test   of  a   Non-Chlorophyll-Producing   Parasitic   Plant    {Cuscuta 
gronovii)  for  Water-Soluble  B. 

Gronovius'  dodder  (Cuscuta  gronovii) ,  is  a  parasitic  plant  which 
is  devoid  of  chlorophjdl,  and  can  be  secured  in  large  amounts 
with  little  difficulty.  It  was,  therefore,  thought  worth  while 
to  test  it  for  its  content  of  water-soluble  B.  To  this  end  we  re- 
stricted six  young  rats  to  the  deficient  diet  until  they  were  in  a 
state  of  decline  owing  to  specific  starvation  for  water-soluble  B. 
About  the  3.5th  day  15  per  cent  of  dry  dodder  was  introduced 
into  the  diet  in  place  of  an  equivalent  amount  of  dextrin.  The 
animals  all  died  within  a  week  after  this  change  was  made,  ap- 
parently because  of  toxicity  of  the  dodder. 

CONCLUSIONS. 

We  have  tested  the  onion  root,  a  structure  which  contains  no 
chloroplasts,  for  the  presence  of  water-soluble  B,  and  have  found 
it  to  contain  a  certain  amount  of  this  dietary  essential.  This 
warrants,  we  believe,  the  conclusion  that  the  substance,  water- 
soluble  B,  is  not  concerned  with  the  structure  of  the  chloroplast. 

The  mushroom,  Agaricus  canipestris,  proved  to  be  a  good  source 
of  water-soluble  B. 
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Inrlian-pipe,  Monotropa  umflora,  a  non-chlorophyll-bearing 
plant,  gave  r&sults  which  were  inconclusive  when  tested  by  our 
method  for  the  presence  of  water-soluble  B. 

Dodder,  Cuscuta  gronovii,  proved  toxic,  and  caused  the  death 
of  the  experimental  animals.  It  cannot  be  determined  from  our 
experiments  whether  this  parasitic  plant  does  or  does  not  contain 
-water-soluble  B. 
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GLACIAL  ACETIC  ACID  AS  A  SOLVENT  FOR  THE  ANTI- 
NEURITIC  SUBSTANCE,  WATER-SOLUBLE  B.* 

By  victor  E.  LEVINE, 

{From  the  Creighton  Medical  School,  Creighton  University,  Omaha.) 
AND  E.  V.  McCOLLUM  and  NINA  SIMMONDS. 

{From  the  Department  of  Chemical  Hygiene,  School  of  Hygiene  and  I'abiic 
Health,  Johns  Hopkins  University,  Baltimore.) 

(Received  for  publication,  April  20,  1922.) 

Up  to  the  present  time  water  has  proved  the  only  effective 
solvent  for  the  antineuritic  substance,  water-soluble  B.  It  is 
usually  stated  that  this  substance  is  also  extracted  from  natural 
foods  by  hot  alcohol,  but  this  is,  strictly  speaking,  not  true,  for 
absolute  alcohol  does  not  extract  a  sufficient  anaount  of  the  sub- 
stance from  such  vitamin-rich  substances  as  wheat  germ  to  give 
satisfactory  results  in  growth  experiments  on  young  rats.  Alco- 
hol containing  water  is  a  solvent  for  the  vitamin,  and  indeed, 
the  higher  the  content  of  water,  the  better  the  solvent  action  of 
the  alcohol. 

Benzene,  alcohol,  ether,  ethyl  acetate,  and  acetone  have  been 
tested  thoroughly  as  solvents  for  water-soluble  B,  employing  the 
rats  as  the  test  organism  (1).  Our  later  studies  have  shown  us 
that  while  it  is  possible  to  extract  from  the  alcoholic  extract  <jf 
natural  foods  by  means  of  hot  benzene  a  sufficient  amount  of 
water-soluble  B  to  give  a  positive  test  for  the  vitamin,  this  sol- 
vent is  too  poor  to  have  any  practical  value  as  an  aid  to  the  isola- 
tion of  the  substance. 

McCollum  and  Sinunonds  (1)  have  discussed  the  relative  merits 
of  the  rat  and  the  pigeon  as  subjects  for  testing  the  potency  of 
any  preparation  supposed  to  contain  this  substance.  It  is  their 
view  that  the  only  satisfactory  method  of  con<lucting  this  test 

*  Since  this  paper  was  sent  to  the  publishers  we  have  noted  iii  tlie 
Vitamine  Manual  by  W.  H.  Eddy  that  he  has  used  glacial  acetic  ari.l  as  a 
solvent  for  water-soluble  B.  ^ 
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is  to  restrict  a  young  rat  for  a  period  to  a  diet  which  is  satisfactory 
in  all  respects  except  for  the  lack  of  water-soluble  B,  and  to  pass 
judgment  as  to  the  presence  or  absence  of  the  vitamin  in  ques- 
tion in  a  given  preparation  by  the  response  or  failure  of  response 
with  growth  after  the  animal  has  declined  to  a  point  near  collapse. 
If  a  rat,  in  an  enfeebled  condition,  under  such  conditions  returns 
on  the  administration  of  a  preparation  of  water-soluble  B  to  a 
state  of  vigor,  resumes  growth  at  normal  rate,  and  exhibits  a 
normal  appearance,  there  can  be  no  doubt  that  the  vitamin  in 
question  has  been  supplied.  On  the  other  hand,  there  is  much 
evidence  that  the  traditional  test  for  this  vitamin,  using  the 
pigeon  as  a  subject,  is  unreliable,  and  may  lead  to  serious  errors 
in  judgment  concerning  the  properties  of  various  preparations 
which  may  be  made  for  the  study  of  this  most  interesting  sub- 
stance. Dutcher  (2)  has  pointed  out  that  physiological  stimu- 
lants of  several  kinds,  which  McCollum  and  Koch  (3)  have  shown 
to  possess  no  power  to  replace  the  substance  water-soluble  B, 
ma.y  induce  temporary  improvement  in  a  pigeon  suffering  from 
acute  poljmeuritis.  McCollum  and  Simmonds  (4)  have  convinced 
themselves  that  several  of  the  substances  which  have  been  re- 
ported to  possess  antineuritic  properties  when  tested  on  pigeons, 
have  no  value  as  a  source  of  water-soluble  B  when  tested  under 
the  conditions  described  above,  using  the  rat  as  a  subject,  and 
involving  the  element  of  growth  as  an  essential  feature  of  the  test. 

We  were  fortunate  in  discovering,  about  2  j^ears  ago,  that 
glacial  acetic  acid  is  an  excellent  solvent  for  water-soluble  B,  and 
by  the  aid  of  this  solvent  have  made  many  preparations  which 
are  very  potent  in  the  dietary  essential  in  question.  We  are 
emploving  glacial  acetic  acid  in  connection  with  other  solvents 
which  do  not  dissolve  the  vitamin  in  connection  with  our  efforts 
to  isolate  this  substance. 

For  man}'  obvious  reasons  the  use  of  glacial  acetic  acid  is  a 
fortunate  one.  It  is  cheap  and  readily  obtainable.  Its  use 
results  iu  a  preparation  which  is  sohd  and  easily  powdered, 
whereas  water  or  alcohol  yields  a  viscid,  gelatinous,  seiAisolid 
mixture  containing  the  antineuritic  factor.  Acetic  acid  is  a 
water-miscible  solvent  and  easily  penetrates  biological  material, 
animal  or  plant,  wet  or  dry,  in  the  form  of  small  lumps  or  in  pow- 
der.    It  has  a  comparatively  low  boiling  point,  118°C.,  and  hence 
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can  be  conveniently  distilled  off  under  slightlj-  reduced  pressure 
at  a  temperature  at  or  below  the  boiling  point  of  water  without 
inactivating  the  vitamin.  Since  the  solvent  is  an  acid  it  may 
aid  in  inhibiting  or  preventing  the  oxidation  of  water-soluble  B, 
which  may  be  facilitated  by  stirring  or  exposure  to  air,  especially 
at  high  temperatures.  Many  organic  compounds,  monosaccha- 
rides, disaccharides,  phenols,  etc.,  easily  undergo  oxidation  in  an 
alkaline  medium  but  this  process  suffers  retardation  in  the  pres- 
ence of  acid.  A  solution  of  water-soluble  B  in  glacial  acetic 
acid  should  be  by  a  priori  reasoning  very  active  even  after  long 
standing.  This  we  have  proved  to  be  the  case.  A  very  unique 
property  of  glacial  acetic  acid  from  the  standpoint  of  the  isola- 
tion of  vitamin  in  the  pure  state  lies  in  its  ability  to  precipitate 
carbohydrates.  Still  another  and  not  unimportant  considera- 
tion arguing  for  the  use  of  glacial  acetic  acid  is  its  miscibiUty  in 
all  proportions  with  ether — a  condition  which  enhances  the  value 
of  the  latter  as  a  means  of  purifying  the  antineuritic  factor  by 
removal  by  precipitation  of  a  large  amount  of  inactive  material 
from  the  active  mixture. 

The  following  brief  statement  of  a  procedure  which  will  be 
of  interest  to  investigators  in  this  field  for  separating  water-soluble 
B  from  a  large  part  of  the  components  of  a  natural  food,  is  made 
at  this  time,  because  if  affords  a  new  aid  to  inquiry  in  this  direc- 
tion. A  typical  test  of  the  biological  value  of  the  preparation  is 
also  included. 

1,000  gm.  of  ground  raw  navy  beans  and  3,000  cc.  of  glacial 
acetic  acid  were  heated  for  3  hours  on  the  water  bath.  The  mix- 
ture was  filtered  hot  on  two  layers  of  cloth,  the  residue  washed 
again  with  small  quantities  of  1,000  cc.  of  glacial  acetic  acid,  and 
heated  with  3,000  cc.  of  glacial  acetic  acid  for  another  3  hour 
period.  The  hot  mixture  was  filtered  on  two  layers  of  cloth  and 
washed  with  1,000  cc.  of  glacial  acetic  acid,  using  small  quantities 
at  a  time.  The  filtrate  was  now  passed  through  fluted  paper.  The 
resulting,  clear,  reddish  brown  liquid  was  distilled  at  70°C.  under 
reduced  pressure  and  the  residue  dried  with  the  electric  fan. 
The  final  result  is  a  solid,  which  readily  lends  itself  to  powdering. 

27.5  gm.  of  solid  extract  prepared  as  described  alcove,  and  cor- 
responding to  250  gm.  of  navy  beans,  were  dissolved  with  the 
aid  of  heat  in  1,000  cc.  of  glacial  acetic  acid.     This  was  precipi- 
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tatod  with  5  voluinps  of  ether.  The  precipitate,  a  solid,  choco- 
late-hrnwii  suhstanco,  was  removed  by  filtration.  The  filtrate 
wa.s  evaporated  to  dryness  with  a  blast  of  air  from  an  electric 
fan,  and  left  a  chocolate-colored  solid  residue.  The  precipitate 
(Pre(iaration  I)  weighed  15.5  gm.,  and  the  residue  (Preparation 
II)  from  the  evaporation  of  the  filtrate  weighed  12.0  gni.  Each 
of  these  preparations  was  tested  for  water-soluble  B,  using  .voung 
rats  as  test  animals. 

A  group  of  young  rats  weighing  about  45  to  70  gm.  was  restricted 
to  the  following  diet,  which  was  complete  except  for  the  absence 
of  water-soluble  B. 

j)er  cent 

Casein .■ 18.0 

Salt  mixture  (185) 3.7 

Agar-agar 2.0 

Dextrin 71 .3 

Butter  fat 5.0 

The  casein  employed  had  been  carefully  freed  from  almost 
all  traces  of  inorganic  salts  and  vitamins  by  a  method  previously 
described.  It  consists  of  washing  the  finely  ground  casein  in 
distilled  water  acidified  to  the  extent  of  about  0.2  per  cent  with 
acetic  acid.  During  the  1st  day  four  changes  of  tap  water  are 
made.  It  is  then  soaked  over  night  in  acidified,  distilled  water. 
The  casein  is  daily  removed  on  cheese-cloth  and  freed  from  most 
of  the  liquid,  then  returned  to  fresh  distilled  water  and  acidified 
again.  This  treatment  is  continued  through  7  da3's.  The  salts 
of  the  crude  casein  are  thus  caused  to  dial.vze  out  of  the  granules, 
and  the  impurities  are  completely  washed  from  the  swollen  gran- 
ules. Such  a  procedure  we  have  found  through  extensive  ex- 
perience to  result  in  a  preparation  which  is  free  from  demonstrable 
amounts  of  any  vitamin. 

On  the  diet  described  small  rats  are  able  to  increase  in  weight 
in  some  cases  for  about  2  or  3  weeks.  Their  growth  is  then  sus- 
pended and  they  gradually  become  attenuated  of  form  and  en- 
feebled. Many  reach  a  stage  where  they  toss  the  head  backward 
repeatedly,  and  at  intervals  show  the  signs  of  opisthotonos. 
Finally,  they  may  develop  the  symptoms  of  acute  polyneuritis, 
Tjut  some  die  without  reaching  this  condition.  When  it  is  evident 
l.hat  steady  physical  decline  has  set  in,  the  animals  are  ready  for 
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the  administration  of  any  curative  preparation  which  it  is  de- 
sired to  test,  for  they  never  improve  if  confined  to  the  experi- 
mental diet  as  their  sole  source  of  nutrunent. 

Rats  fed  the  experunental  diet  for  6  weeks,  and  which  had 
begun  to  decline,  were  given  Preparation  I,  equivalent  to  50 
per  cent  of  beans  in  the  diet.  This  preparation  is  the  precipitate 
formed  by  pouring  ether  into  a  glacial  acetic  acid  solution  con- 
taining the  glacial  acetic  acid-soluble  matter  derived  from  raw 
navy  beans.  The  test  was  negative.  The  animals  continued 
to  decline  and  died.  This  indicates  the  nearly  complete  absence 
of  water-soluble  B  from  the  precipitate  in  question. 

Rats  fed  the  experimental  diet  as  above  described  were  given, 
after  decline  had  set  in,  the  material  which  remained  in  solution 
when  a  filtered  acetic  acid  extract  of  raw  navy  beans  was  poured 
into  five  times  its  volume  of  ether  (Preparation  II).  The  amount 
administered  was  equivalent  to  50  per  cent  of  beans  in  the  diet. 
The  animals  responded  in-  a  manner  fully  as  remarkable  as 
they  would  have  done  had  a  liberal  amount  of  a  natural  food 
containing  water-soluble  B  been  made  to  replace  half  of  their 
experimental  diet. 

We  do  not  desire  at  this  time  to  discuss  in  detail  the  degree 
of  potency  of  this  and  similar  preparations,  since  we  are  carrying 
on  further  studies  in  the  direction  of  perfecting  a  method  of  freeing 
as  far  as  possible  the  vitamin,  water-soluble  B,  from  contaminat- 
ing substances. 

CONCLUSIONS. 

Glacial  acetic  acid  is  the  best  organic  solvent  which  we  have 
yet  found  for  the  extraction  of  water-soluble  B  from  plant  ma- 
terials. The  active  glacial  acetic  acid  extract  can  be  further 
concentrated  by  the  removal  by  precipitation  with  ether  of  a 
large  quantity  of  inactive  material. 
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The  colorimetric  phosphate  method  of  Bell  and  Doisy/  if  fol- 
lowed carefully  as  described,  gives  results  which  check  gravime- 
tric determinations,  but  this  method  has  one  objection;  namely, 
that  the  alkaline  blue  color  which  is  used  for  comparison  in  the 
coloruneter  fades  rather  rapidly.     For  this  reason  it  is  not  ad- 
visable to  read  more  than  about  two  determinations  against  the 
same  standard.     In  the  first  stage  of  color  production  a  stable 
green  is  produced  in  acid  solution  which  is  proportional  to  the 
phosphorus  present.     This  color  was  not  used  by  Bell  and  Doisy' 
for  comparison   (personal  communication  from  Dr.  Doisy)   be- 
cause with  either  urines  or  trichloroacetic  acid  blood  filtrates  there 
is  an  occasional  turbidity  produced  when  the  acid  molybdate 
solution  is  added  which  interferes  with  the  color  comparison,  due 
to  a  precipitate  of  undetermined  nature.     In  attempting  to  over- 
come these  difficulties,  it  was  found  by  the  writer  that  by  a  small 
modification  during  the  trichloroacetic  acid  precipitation  of  blood 
or  plasma,  the  turbidity  can  be  avoided,  thus  allowing  the  use  of 
■  the  acid  solutions  for  color  comparison.     When  blood  or  plasma 
is  diluted  with  3  volumes  of  water  and  1  volume  of  20  per  cent 
trichloroacetic  acid  in  an  Erienmeyer  flask,  shaken  vigorously  for 
a  few  seconds,  and  then  allowed  to  stand  for  about  10  minutes 
before    filtering,   the   filtrates   give    with    acid   molybdate    and 
hydroquinone   perfectly  clear  green  colors.     The  supposition  is 
that  when  the  blood  is  diluted  in  a  volmnetric  flask  and  mixed 
merely   by  inverting   a   few  times,  a  small  amount  of  protein 
gets  through  into  the  filtrates  and  this  forms  a  precipitate  with 

•  Bell,  R.  D.,  and  Doisy,  E.  A.,  J.  Biol.  Chem.,  1920,  xliv,  55. 
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the  molybdic  acid.  A  parallel  series  of  determinations  on 
plasma  filtrates  showed  that  identical  results  are  obtained,  whether 
the  acid  green  color  is  used  for  comparison  or  the  comparisons 
made  of  the  alkaline  blue  according  to  the  technique  of  Bell  and 
Doisy.  The  green  color  is  considerably  less  intense,  and  accurate 
comparison  is  with  low  phosphorus  plasmas  difficult;  but  the 
stability  of  color  offsets  this  disadvantage. 

It  has  also  been  recently  observed  that  when  a  little  sodium 
sulfite  is  added  to  an  acid   solution  containing  phosphate  and 
molybdate  that  the  subsequent  addition  of  hydroquinone  causes 
the  formation  of  a  blue  instead  of  a  green  color  and  of  an  intensity 
considerably  greater  than  the  green.     This  color  does  not  depend 
upon  reduction  of  the  molybdic  acid  by  SO2  since  sodium  sulfite, 
hydroquinone,  and  acid  molybdate  solutions  when   mixed  give 
no  color.     The  use  of  these  modifications  gives  a  clear  blue,  non- 
fading  color  for  comparison,  the  proportionality  of  which  is  exact 
over  a  wide  range.     The  intensity  of  the  color  allows  the  deter- 
mination of  phosphates  in  1  cc.  of  plasma.     The  following  tech- 
nique is  that  used  for  blood  or  plasma:  A  measured  vohmie  of 
plasma  is  transferred  to  a  small  Erlenmeyer  flask,  diluted  with  3 
volumes  of  water  and  1  voliune  of  20  per  cent  trichloroacetic  acid. 
The  flask  is  stoppered  with  the  thimib,  shaken  vigorously  for  a 
few  seconds,  and  after  standing  about  10  minutes,  the  contents 
are  transferred  to  a  dry  ashless  filter.     The  filter  funnels  rest  in 
long  Pyrex  test-tubes  and  are  covered  by  watch-glasses  to  prevent 
loss  by  evaporation.     For  the  dctennination,  transfer  5  cc.  of  the 
filtrate,  equivalent  to  ]  ec.  of  plasma,  to  a  10  cc.  volumetric  flask 
or  a  long  test-tube  graduated  at  15  cc.     For  the  standard,  transfer 
2  cc.  of  the  diluted  phosphate  solution,  to  a  similar  flask  or  tube. 
To  each  then  add  2  cc.  of  the  molybdate  solution,  1  cc.  of  the 
sodium  sulfite  solution,  and  1  cc.  of  the  hydroquinone  solution,  and 
dilute  with  water  to  the  mark.     Allow  them  to  stand  about  30 
minutes  for  color  production  and  compare  in  the  colorimeter." 

'  It  is  not  necessary  to  add  trichloroacetic  acid  to  the  standard  to  bal- 
ance that  of  the  filtrate.  It  is  necessary,  however,  to  have  the  acidity 
within  certain  limits  for  color  production.  Sufficient  acid  is  provided  by 
2  cc.  of  the  molybdate  reagent  for  the  formation  of  ammonium  phospho- 
molybdate  and  its  subsequent  reduction;  on  the  other  hand  if  the  total 
acidity  after  addition  of  all  reagents  is  more  than  about  2  n  then  no  color 
will  be  obtained. 
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Solutions  Used. 

Standard  Phosphate.  Solntion  for  Urine.— This  solution  contains 
0.4394  gm.  of  dry  KH0PO4  per  liter.  1  cc.  is  equivalent  to  0.1  nig. 
of  phosphorus.     Cliloroform  is  added  as  preservative. 

Standard  Phosphate  Solution  for  Blood.— 25  cc.  of  urine  phos- 
phorus standard  is  diluted  to  200  cc.  and  preserved  with  chlo- 
roform. 2  cc.  of  this  solution  are  equivalent  to  0.025  mg.  of 
phosphorus. 

Molyhdate  Solution. — 2.5  gm.  of  ammonium  molybdate  are  dis- 
solved in  300  cc.  of  water.  To  this  are  added  200  cc.  of  water 
containing  75  cc.  of  concentrated  HjSOi. 

Hydroquifione  Solution.— Q. 5  gm.  of  hydroquinone  is  dissolved 
in  100  cc.  of  water  and  a  drop  of  concentrated  H2SO.1  added  to 
retard  oxidation.  1  cc.  of  this  solution  provides  an  abundant 
excess  even  in  the  determinations  on  urines  high  in  phosphorus. 

Sulfite  Solution.— This  solution  contains  20  per  cent  sodium 
sulfite.     It  should  be  kept  well  stoppered  or  made  fresh. 

The  following  test  was  carried  out  to  test  the  proportionality 
between  the  phosphorus  present  and  the  color  produced  by  the 
new  technique.  Amounts  of  the  standard  phosphate  solution 
varying  from  7  to  25  cc.  were  transferred  to  100  cc.  volumetric 
flasks.  To  each  were  added  in  succession  5  cc.  of  the  molybdate 
solution,  1  cc.  of  the  sulfite  solution,  and  1  cc.  of  the  hydroquinone 
solution.  They  were  then  diluted  with  water  up  to  the  mark, 
mixed  by  inverting  a  few  times,  and  allowed  to  stand  about  an 
hour  for  color  production.  Each  was  then  compared  with  the  one 
containing  15  cc.  The  average  of  several  readings  of  each  solu- 
tion showed  a  perfect  proportionality  over  this  range. 

The  modified  technique  was  compared  with  the  Bell-Doisy 
procedure  on  ten  rabbit  bloods  with  the  results  given  in  Table  I. 

The  whole  rabbit  blood  was  taken  because  of  the  inconsistencies 
recently  reported  by  Myers  and  Shevkj-^  with  the  Bell-Doisy 
technique  on  "many"  rabbit  bloods.  All  of  these  filtrates  gave 
perfectly  clear  blue  colors  by  the  modified  technique  and  clea,r 
bluish  green  colors  after  the  addition  of  molybdate  and  hydroqui- 
none by  the  Bell-Doisy  technique. 

The  modified  technique  is  also  applicable  to  urines.  Compari- 
son with  the  Bell-Doisy  technique  was  made  on  a  few  urines 

'  Myers,  B.  A.,  and  Shwky,  M,  C,  J.  Lnh.  and  Clin.  .Mtd.,  1921-22,  vii, 
176. 
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according  to  the  following  procedure:  Take  1  to  5  cc.  of  acidified 
urine  or  an  amount  equivalent  to  about  0.5  mg.  of  P,  in  a  100  cc. 
volumetric  flask.  In  a  similar  flask,  take  5  cc.  of  the  lu-ine  P 
standard.  Dilute  each  with  water  up  to  about  80  cc.  Then  add 
to  each  5  cc.  of  the  molybdate  solution,  1  cc.  of  the  sulfite  solution, 

TABLE  I. 

Comparison  of  the  Bell-Doisy  Method  with  Modified  Technique  on 

Ten  Rabbit  Bloods. 


Blood. 

Bell-Doisy  method. 

Author's  modification. 

mg.  per  100  cc. 

mg.  per  100  cc. 

1 

8.19 

8.57 

2 

5.93 

6.22 

3 

9.90 

9.88 

4 

10.20 

10.01 

5 

8.19 

8.26 

6 

8.76 

8.57 

7 

7.50 

7.50 

8 

10  05 

10.07 

9 

8.51 

8.66 

10 

8.51 

8.63 

TABLE  II. 
Analysis  of  Three  Urines  bjj  the  Two  Methods. 


Urine. 

Bell-Doisy  method. 

Author's  modification. 

1 
2 
3* 

gm.  per  liter 
1.21 

1.28 
1.54 

gm.  per  liter 

1.14 
1.32 
1.56 

*  Urine  3  gave  a  precipitate  ot  undetermined  nature  which  was  removed 
by  centrifugation  while  the  color  was  developing. 

and  1  cc.  of  the  hydroquinone  solution.  Dilute  each  with  water 
up  to  the  mark  and  allow  to  stand  about  i  hour  for  color  produc- 
tion.    The  results  arc  given  in  Table  II. 

Addendum.— After  thi.s  paper  had  been  sent  to  press,  it  was  shown  by 
Denis'  that  oxalates  and  citrates  interfered  with  the  formation  of  the 
blue  color  of  the  Bell-Doisy  method.  It  has  been  found  here,  however, 
that  such  amounts  of  citrates  or  oxalates  as  are  used  to  prevent  clotting 
of  blood  do  not  interfere  with  the  formation  of  the  acid  blue  and  so  no 
error  is  introduced  in  the  determination  by  the  modified  technique. 

*  Denis,  \V.,  and  von  Meysenbug,  L.,  J.  Biol.  Chem.,  1922,  lii,  1. 


A  COLORIMETRIC  DETERMINATION  OF  BLOOD 
CHLORIDES. 

By  M.  L.  ISAACS. 

{From  the  Department  of  Biochemistry,  University  of  Cincinnati,  Cincinnati.) 

(Received  for  publication,  May  29,  1922.) 

The  following  colorimetric  method  makes  use  of  the  Fohn  and 
Wu  filtrate,  is  rapid,  and  employs  a  pemianent  standard. 

Principle. 

Since  silver  chloride  is  about  one-thirtieth  as  soluljle  as  red  silver 
chromate,  it  follows  that  silver  chromate  will  dissolve  in  a  solution 
of  chlorides;  the  silver  being  reprecipitated  as  chloride,  while  a 
certain  amount  of  yellow  chromate  goes  into  solution  according 
to  the  following  equation : 

2NaCI  +  AgiCrOj  -^  2AgCl  +  NaoCrOi 

The  reaction  is  familiar  to  the  analytical  chemist  in  the  Mohr 
titration  of  chlorides.  Silver  chromate  imparts  only  a  very  slight 
color  to  distilled  water. 

Reageiits. 

1.  Silver  chromate.  (Red  modification.)  This  is  best  pre- 
pared by  adding  slowly  200  cc.  of  a  5.5  per  cent  solution  of  potas- 
sium chromate  to  100  cc.  of  a  boiUng  solution  of  silver  nitrate 
(10  per  cent).  The  silver  chromate  settles  out  rapidly.  Drops 
of  the  chromate  solution  are  added  until  there  is  a  slight  excess  of 
chromate,  which  gives  the  solution  a  yellow  color.  After  coohng, 
the  silver  chromate  is  thoroughly  washed  with  distilled  water  and 
finally  air-dried  on  a  Buchner  funnel. 

2.  Magnesium  carbonate. 

3.  Ammonium  hydro.xide,  2  per  cent. 

Procedure. 

10  cc.  of  the  Folin  and  Wu  filtrate  are  pipetted  into  a  small 
conical  centrifuge  tube  (which  has  been  previously  cleaned  with 
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warm  chi'oniic  acid  solution).  A  pinch  of  niiignesiuni  carbonate 
is  added  to  insure  neutrality  of  the  liquid.  The  contents  of  the 
tube  are  stirred  with  a  thin  glass  rod.  A  .small  quantity  (about 
0.05  gm.)  of  silver  chromate  is  introduced  and  thoroughly  stu'red 
into  the  solution.  If  all  the  red  particles  di.sappear  more  chromate 
must  be  added.  After  washing  off  the  stirring  rod  into  the  tube, 
the  tube  is  centrifuged  for  2  minutes.  The  contents  are  then 
decanted  through  a  small  filter,  into  a  2.5  cc.  volumetric  flask,  great 
care  being  taken  not  to  disturb  the  residue  at  the  bottom  of  the 
tube.  After  the  addition  of  10  cc.  of  water  to  the  tube,  the  cen- 
trifuging  is  repeated  for  5  minutes.  The  contents  of  the  tube 
are  then  filtered  into  the  volumetric  flask.  The  solution  has  a 
slight  tiu'bidity  which  is  cleared  up  by  the  addition  of  1  cc.  of  a 
2  per  cent  ammoniuui  hydroxide  solution.  Enough  water  is 
added  to  bring  the  solution  to  the  mark.  After  mixing,  compari- 
son is  made  with  a  standard  potassium  chromate  solution  con- 
taining 0.4  gm.  of  the  salt  per  liter.  The  value  of  this  standard 
may  be  found  by  employing  5  cc.  of  a  0.02  n  solution  of  sodium 
chloride  in  place  of  10  cc.  of  blood  filtrate. 

Since  yellows  are  difficult  to  match,  the  colors  can  be  viewed 
through  a  blue  glass,  as  suggested  by  Michaelis.' 

With  the  chromate  solution  used  above,  the  chromate  being 
99.4  per  cent  pure,  with  the  colorimeter  standard  at  20,  the  fol- 
lowing formula  applies: 

11.730 

-— ; ^1 —  =  mg.  sodium  chloride  per  100  cc.  blood 

Unknown  reading 

In  the  following  blood  filtrates  the  method  of  Whitehorn-  was 
used  as  a  rapid  check. 


Sample. 

Whitehorn's  method. 

Colorinietric  method. 

1 

484 

484 

o 

490 

502 

3 

517 

516 

517 

520 

4 

492 

504 

5 

477 

489 

6 

50.3 

504 

1  Michaelis,  L.,  Deutsch.  med.  Woch.,  1921,  xlvii,  465. 
=  Whitehorn,  J.  C,  /.  Biol.  Chem.,  1920-21,  xlv,  449. 
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Using  5  cc.  of  filtrate  good  results  were  obtained,  but  the  colors 
were  hard  to  match. 

Mention  should  be  made  of  the  possible  effects  of  other  salts 
in  the  filtrate.  Silver  phosphate  is  slightly  less  soluble  than  silver 
chromate  and  it  would  be  expected  that  silver  chromate  would 
dissolve  in  a  solution  containing  phosphate.  This  does  take  place, 
but  in  very  dilute  solutions  such  as  the  blood  filtrate  the  color 
develops  very  slowly.  Furthermore,  the  phosphates  of  the  blood 
are  probably  acid  phosphates  which  do  not  react  with  the  chro- 
mate. This  was  shown  by  adding  0.0010  gni.  of  nionosodium 
hydrogen  phosphate  to  5  cc.  of  blood  filtrate,  an  amount  which 
would  correspond  to  an  extreme  case  of  phosphate  retention.  As 
a  check,  5  cc.  of  the  same  filtrate  were  taken  and  both  filtrates 
were  treated  with  magnesium  carbonate  and  silver  chromate.  Xo 
diiTerence  of  color  could  be  observed.  Other  silver  salts  which 
are  less  soluble  than  the  chromate  are  either  absent  or  present  in 
negligible  quantities  in  the  filtrate. 

Using  the  principle  of  differential  solubilities  it  is  hoped  that 
methods  can  be  worked  out  for  calcium,  potassium,  magnesium, 
phosphates,  and  other  ions. 


DIETARY    FACTORS    INFLUENCING     CALCIUM 
ASSIMILATION. 

II.    THE    COMPARATIVE    EFFICIENCY    OF   DRY    AND     GREEN 
ALFALFA    IN    MAINTAINING    CALCIUM    AND    PHOS- 
PHORUS EQUILIBRIUM  IN  MILKING 
COWS.* 

By  E.  B.  hart,  H.  STEENBOCK,  and  C.  A.  HOPPERT, 

{From  the  Department  of  Agricultural  Chemistry,  University  of  Wisconsin, 

Madison.) 

AND  G.  C.  HUMPHREY. 

(From  the  Department  of  Animal  Husbandry,    University  of  Wisconsin, 

Madiso7i.) 

(Received  for  publication,  May  15,  1922.) 

The  fact  that  green  plant  tissue  (1)  contains  a  more  liberal 
quantity  of  a  vitamine  favoring  calcium  assimilation  than  does 
dried  plant  tissue  led  us  to  a  study  of  this  problem  in  its  relation 
to  the  calcium  and  phosphorus  metaboUsm  of  milking  cows.  We 
had  in  earlier  work  (2)  observed  very  marked  negative  calcium 
balances  in  a  liberally  milking  cow  receiving  a  dry  cereal  straw  as 
her  roughage.  In  this  case  the  daily  calcium  oxide  intake  was 
25  gm.  with  a  daily  milk  jaeld  of  30  to  38  pounds. 

In  extensive  experiments  involving  a  nmnber  of  years  of  work, 
Forbes  (3)  and  his  associates  have  observed  negative  calcium 
balances  with  milking  cows  receiving  the  best  of  dried  forage  in 
respect  to  its  calcium  content;  namely,  alfalfa  or  clover  hay.  In 
some  of  these  cases  the  daily  calcium  oxide  intake  was  as  high  as 
175  gm.  with  a  daily  milk  production  of  51  pounds  and  a  utihza- 
tion  of  but  40  gm.  of  calcium  oxide  for  this  milk  production;  yet 
a  negative  calcimn  balance  was  reported. 

Meigs,  Blatherwick,  and  Gary  (4)  have  presented  data  indicat- 
ing that  a  dry,  pregnant  cow  is  probably  not  assimilating  sufficient 

*  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Agri- 
cultural Experiment  Station. 
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calcium  from  a  calcium-rich  ration  such  as  alfalfa  hay,  corn  silage, 
and  a  grain  mixture  for  a  positive  calcium  balance,  but  is  actuallj'- 
transferring  calcium  salts  from  her  skeleton  for  fetal  skeleton- 
building.  Meigs  and  his  associates  are  inclined  to  interpret  the 
observed  negative  calcimn  balances  as  only  temporary  and  merely 
induced  by  the  nervous  disturbances  of  the  animal  incidental  to 
the  collection  of  the  excreta  and  general  interference  with  the 
freedom  of  the  animal. 

Of  the  above  observations  those  of  Forbes  were  outstanding 
and  his  work  made  it  appear  probable  that  a  liberally  milking 
cow  fed  the  richest  available  carrier  of  calcium  as  forage,  such  as 
dry  alfalfa  hay,  would  nevertheless  be  compelled  to  draw  on  her 
own  mineral  reserves  for  maintenance  of  milk  production.  We 
accepted  this  point  of  view  and  formulated  the  hypothesis  that 
the  negative  calcium  balance  of  a  milking  cow  receiving  dry  alfalfa 
hay  would  be  turned  to  a  positive  one  if  the  alfalfa  were  fed  fresh 
and  green.  In  fact,  it  appeared  probable  to  us  that  it  must  be 
during  the  period  of  green  pasturage  that  the  depleted  mineral 
reserves  of  dairy  cattle,  incident  to  a  long  winter  milking  period, 
would  be  replenished.  True,  the  factor  of  the  nature  of  the  green 
grasses  would  be  important  because  it  would  be  entirely  possible 
that  if  the  grasses  were  of  those  varieties  naturally  low  in  lime 
and  in  addition  had  grown  on  an  acid  soil,  the  factor  of  mere 
greenness  and  consequently  richness  in  a  vitamine  assisting  cal- 
cium assimilation  would  not  be  sufficient  to  establish  positive 
calcium  balances  with  liberally  milking  animals.  Further,  it 
appeared  to  us  unbelievable  that  the  dairy  cattle  of  our  country 
were  in  constant  negative  calcimn  balance,  or  else  a  low  average 
milk  production  and  an  early  termination  of  the  life  of  the  indi- 
vidual as  a  milk  producer  must  follow,  an  assmnption  that  does 
not  appear  to  be  supported  by  facts.  However,  it  is  very  prob- 
able that  a  condition  of  negative  calcium  balance  in  milking  cows 
does  widely  prevail  especially  in  the  winter  time  and  in  regions 
where  low  calcium-carrying  roughages  are  used — a  condition  that 
must  have  an  important  bearing  on  the  3aeld  of  milk,  resistance 
to  disease,  and  reproduction  (5). 

Our  plan  was  to  feed  liberally  milking  cows  dried  alfalfa  hay 
plus  silage  and  a  grain  mixture  over  a  period  of  time  sufficient 
in  length  to  establish  the  assumed  negative  calcium  balance  and 
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then  to  replace  the  dried  alfalfa  hay  with  fresh,  green  alfalfa  in 
an  amount  equivalent  in  dry  matter  to  the  dry  hay.  The  results 
we  secured  in  our  first  experiments  with  dry  alfalfa  hay  support 
the  view  that  it  is  possible  to  maintain  calcium  equilibrium  in 
high  milking  cows  with  such  a  roughage.  These  particular  results 
are  contrary  to  the  findings  of  Forbes  and  his  associates  as  well 
as  contrary  to  results  we,  ourselves,  have  secured  in  later  experi- 
ments with  another  alfalfa  hay  (data  to  be  published  later). 
Equilibrium  or  positive  calciimi  balances  were  obtained  with  this 
dry  alfalfa  hay  as  well  as  with  the  green  and  succulent  alfalfa. 

EXPERIMENTAL. 

For  this  work  three  pure-bred  Holstein  cows  were  used.  No.  1 
weighed  1,372  to  1,468  pounds;  No.  2,  1,093  to  1,107  pounds; 
and  No.  3,  1,284  to  1,293  pounds,  at  the  beginning  and  end  of  the 
experiment  which  ran  from  May  11th  to  July  5th,  1921.  No.  1 
had  freshened  in  December,  1920;  No.  2  in  October,  1920;  and  No. 
3  in  May,  1920. 

The  annuals  were  confined  to  metabolism  stalls  with  quantita- 
tive collection  of  the  excreta  and  milk.  The  collection  of  the 
excreta,  as  in  all  of  our  experiments  of  this  character,  was  always 
done  by  men  working  in  8  hour  shifts. 

No.  1  was  with  calf  and  due  to  freshen  September,  1921.  She 
had  been  on  a  poor  mixed  hay  (low  in  calcium)  before  being  placed 
in  the  experiment  and  it  is  apparent  from  the  data  in  Talkie  II 
that  she  was  in  condition  for  a  more  pronounced  storage  of  calcium 
and  phosphorus  than  either  of  the  other  two  animals.  Nos.  2  and 
3  had  been  receiving  dry  alfalfa  hay  for  20  weeks  prior  to  being 
taken  into  the  experiment  and  did  not  show  as  large  a  storage  as 
did  No.  1.  Cows  2  and  3  were  not  with  calf. 

Calcium  detemu nations  were  made  on  all  the  feeds,  milk,  and 
excreta  by  the  McCrudden  method.  Phosphorus  was  determined 
in  the  feeds,  milk,  and  feces  after  asliing  in  the  presence  of  mag- 
nesium nitrate.  In  the  urine  phosphorus  was  determined  by  the 
Neumann  method,  that  is,  after  oxidation  with  nitric  acid  in  the 
presence  of  sulfuric  acid. 

The  feeds  used  in  the  first  period  of  4  weeks  duration  were  corn 
silage,  dry  alfalfa  hay,  and  a  grain  mixture  made  up  of  60  parts  of 
yellow  corn,  25  parts  of  wheat  bran,  and  15  parts  of  oil  meal. 
The  alfalfa  hav  was  of  good  (luality,  second  cutting,  cured  under 
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caps,  and  grown  on  a  southern  Wisconsin  farm.  It  retained  a 
fairly  bright  green  color  and  was  judged  as  first  quality.  The 
alfalfa  hiiy  was  chopped  before  feeding.  For  3|  pounds  of  milk 
production  1  pound  of  the  grain  mixture  was  allowed.  The  daily 
ration  consisted  of  30  pounds  of  corn  silage,  10  pounds  of  dry 
alfalfa  hay,  and  an  amount  of  the  grain  mixture  proportional  to 
the  milk  produced.  On  this  basis  Xo.  1  received  7  pounds  of 
grain  mixture  daily,  No.  2  received  13  pounds  daily,  and  No.  3 
received  9  jxiunds  daily  during  the  entire  8  weeks  of  the  experi- 
ment and  including  both  the  dry  and  green  alfalfa  feeding  periods. 
It  should  be  noted  that  the  daily  allowance  of  silage  and  alfalfa 
hay  was  constant  for  the  three  animals  during  the  entire  time  of 
the  experiment. 

TABLE  I. 

Calcium  Oxide  and  Phosphorus  Pentoxide  Content  of  Feeds  Used. 


Material. 

CaO 

PjOs 

Remarks. 

Alfalfa  hay 

Corn  meal 

per  cent 

1.S2 

0.027 

0.170 

0.557 

■    0.50 

1.42-2.05 

per  cent 

0  73 
0.59 
2.6S 
2.31 
0.57 
0.57-0.73 

Used  in  first  period. 

Wheat  bran 

Oil  meal 

Corn  silage 

Green  alfalfa 

Air-dried  condition. 

Analysis  on  air-dried  material. 

Following  the  4  weeks  of  dry  alfalfa  hay  feeding  was  a  period 
of  4  weeks  during  which  fresh,  green  alfalfa  displaced  the  dry  hay. 
The  rest  of  the  ration  remained  the  same.  The  green  alfalfa  was 
cut  daily  from  a  field  that  had  alreadj'  been  cut  once  and  was  for 
the  most  part  in  prime  condition. 

Water  determinations  were  made  daily  on  the  green  material 
in  order  to  keep  the  dry  matter  of  the  ration  derived  from  the 
green  alfalfa  as  constant  as  possible  and  equivalent  to  the  10 
pounds  of  air-dritnl  hay  fed  daily  in  the  first  period.  Further, 
samples  of  the  green  alfalfa  were  taken  daily  for  calcium  and  phos- 
phorus determinations.  All  the  animals  received  distilled  water. 
Common  salt  was  fed  ad  libitum. 

In  Table  I  the  calcium  and  phosphorus  content  of  the  feeds 
used  are  given.  In  the  case  of  the  corn  silage,  the  percentages 
are  as  found  on  the  air-dried  material.     No  constant  figures  can 
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be  given  for  the  green  alfalfa  hay  as  it  varied  sHghtly  from  day  to 
day;  the  CaO  content  of  the  air-dried  material  derived  from  the 

TABLE  11. 

Record  of  Calcium  Balance  of  Animal  1. 


Period. 


CaO  in 

feces. 


CaO 


CaO  in 
milk. 


Total 
CaO  ex- 
creted. 


Total 
CaO  in- 
take. 


Balance 
per  week. 


Balance 
per  day. 


Milk 

per 

week. 


Dry  hay  period. 


May  11-17.. 

"     18-24. . 

"     25-31., 
June    1-7 . . 


gm.  ffm 

451.54  1.76 

524.81  1.21 

534.32  1,3 

537.08  0.94 


gm. 
178,20 
172,07 
156  06 


gm. 
631   50 

698,09 
691  70 


136,37  674,39 


gm. 

784.94 
784.94 
773.23 
773.23 


gm. 
+  153.40, 
+  86,85 
+  81,53 
+  98,84 


+21.91 
+  12.41 
+  11,36 
+  14.12 


Ih. 

160 
151 

137 

122 


Green  hay  period. 


June   8-14 

"     15-21 

"     22-28 

"     29- July  5. 


563.97 
523.58 
613.42 
441.57 


1.09110.23675.29 
2.81    75.06  601.45 


2.22   65.28 
1.55!  60.66 


680.92 
503.78 


768.81  +  93.52 

802.46+201.01 

1,025.37+344.45 

808.12+304.34 


+13.36 

+28,71 
+49.21 
+43.48 


98 
66 
64 
63 


Record  of  Phosphorus  Balance  of  Animal  1. 


Period. 


PsOs  in 

feces. 


P:Os 


PiOi  in 
milk. 


Total 
P20.5  ex- 
creted. 


Total 
PiOs  in- 
take. 


Balance 
per  week. 


Balance 
per  day. 


Dry  hay  period. 


May  11-17. 

"      18-24. 

"     25-31. 
June    1-7.  . 


gm. 
409.42 
397.15 
436.28 
527.18 


gm. 

15.00 

17.35 

8,62 

11.36 


gm. 
182,41 
170,00 
153,58 
134.70 


gm. 
606.83 
584.50 
598.48 
673.5 


gm. 
747.55 
747.55 
734.20 
734.20 


gm. 

+  140.72 
+  163.05 
+135.72 
+  60.96 


+20.10 
+23.29 
+  19.39 
+  8.71 


Green  hay  period. 


June    8-14 

"      15-21 

"      22-28 

"  29- July  5. 


528.56 
484.70 
527.94 
443.72 


2.71 
5.63 
4.96 
4.66 


100.35 
72.66 
71.16 
72.91 


631.32 

562,99 
604,06 
521.29 


719.62 
760,09 
792.41 
749.90 


+  88.00 
+  197.10 

+  188.35 
+228.61 


+12.57 
+28.14 
+26.91 
+32.66 


green  alfalfa  varied  from  1.42  to  2.05  per  cent  and  the  P2O.,  from 
0.57  to  0.73  per  cent. 

In  Tables  II,  III,  and  lY  are  recorded  the  data  on  the  income 
and  outgo  of  calcium  and  phosphorus  for  the  three  animals,  re- 
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spectively;  in  iidditioii  thcro  is  added  a  column  of  the  milk  j'iold 
for  periods  of  7  days.  It  should  be  noted  that  there  was  a  decline 
in  milk  yield  in  the  case  of  .Animals  2  and  .3  after  the  5th  week  of 


TABLE  III. 
liecurd  of  Calcium  Balance  of  Animal  2. 


Period. 


CaOin 

fet-es. 


CaO 


CaOin 
milk. 


Total 
CaO  ex 
creted. 


Total 
CaO  in- 
take. 


Balance 
per  week. 


Balance 
per  day. 


.Milk 

per 

week. 


Dry  hay  period. 


May  11-17. 

"     18-24. 

"     25-31 . 
June  1-7... 


gni. 

812.01 
812.01 
800  03 
800.03 


Green  hay  period. 


June   8-14 

"     15-21 

"     22-28 

"     29- July  5. 


523.80 

0  61 

197.15 

721.66 

795.88 

+  74.32 

+  10.62 

611.14 

0  67 

181.30 

793  11 

856.69 

+  63.58 

+  9.08 

690.12 

0,51 

206  58 

897.21 

1,055.54 

+  158.33 

+22.62 

661.42 

0.64 

188.98 

851.04 

882.10 

+  31.06 

+  4.44 

261 
237 
246 


Record  of  Phosphorus  Balance  of  Animal  2. 


Period. 


PjOi  in 
feces. 


PsOs 


P20i 

in 
milk. 


Total 
PsOs  ex- 
creted. 


Total  PjOi 
intake. 


Balance 
per  week. 


Balance 
per  day. 


Dry  haj'  period. 


May  11-17. 

"     18-24. 

"     25-31. 
June    1-7. . 


gm. 

556.42 
645  09 
625.46 
722.42 


gm 

21.05 
19.08 
25,02 
21.33 


Om.         gm 

239.36  816.83 


235.35 
236.36 
239.87 


899.52 
886.84 
983.62 


gm. 

997.66 

997.66 

984.31 

984.31 


Qm. 

+  180.83 
+  98.14 
+  97.47 
+  0.69 


om. 

+25.83 
+  14  02 
+  13  92 
+  0.10 


Green  hay  period. 


June    8-14 

"      15-21 

"      22-28 

"      29-July  5. 


688  .50 
780.45 
728  46 
704.09 


11  21 
6,65 
4  33 
6.42 


217.35 
187.75 
206  46 
178.76 


917.06 
974.85 
939.25 
889.27 


969.73 
1,023.12 
1,043  61 
1,018.47 


+  52.67 
+  48.27 
+  104  36 


+  7.52 
+  6,89 
+  14  91 


+  129.20|  +  18,47 


observation,  and  in  the  ease  of  Animal  1  somewhat  eariier.  This 
dechne  we  attribute  to  the  very  hot  weather  prevailing  at  that 
time  and  trouble  with  flies. 
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TABLE  IV. 

Record  of  Calcium  Balance  of  Animal  S. 


Period. 


CaOin 

feces. 


CaO 


CaO  in  L'^X*"'  r?"?!''  Balanrc 
mUk  F^^T  *^f^"'"  pcr«celc. 
"""'•      creted.        take.         "^ 


Balanre 
per  day. 


Milk 
per 
week. 


Dry  hay  period. 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

lb. 

May  11-17   

680.44 

0.64 

136  32 

817.40 

793.97 

-23  43 

-3.35 

179 

"     18-24  

G45.89 

0.78 

140  31 

786.98 

793.97 

+  6.99 

+0.99 

175 

"     25-31 

629.56 

0.58 

132.36 

762.50 

782.26 

+  19.76 

+2.82 

171 

June     1-7 

598.60 

0.47 

130.23 

729.30 

782.26 

+52.96 

+7.56 

172 

Green  hay  period. 


June   8-14. 
'^     1.5-21 . 


22-28 . 
29- July  5. 


594.60 
602.64 
708.78 
681.72 


0.48 
0.92 
0.67 
0.74 


126.28 
107.81 
113.79 
102.17 


721.36 
711  37 

823.24 
784.63 


777.84 

838  65 

1,037.50 

868.33 


+  56.48 
+  127.28 
+214.26 
+  83.70 


+  8.07 
+  18.18 
+30.61 
+11.96 


169 
139 
128 
128 


Record  of  Phosphonis  Balance  of  Animal  S. 


Period. 


P-Os  in 
feces. 


urine 


Balance 
per  day. 


Dry  hay  period. 


May  11-17. 

"     18-24. 

"     25-31. 
June  1-7. . . 


gm. 
654.71 
507.12 
629.57 
646.07 


gm. 
22.33 
12.56 
17.68 
10  55 


gm. 

166.46 
152.23 
149.50 
147.49 


gm. 

843  50 
671.91 
796.75 
804.11 


gm. 

823.51 
823.51 
810.16 
810  16 


gm. 

-  19.99 
+  141.60 
+  13.41 
+     6.05 


-  2.85 
+20.23 
+  1.91 
+  0.86 


Green  hay  period. 


June    8-14 

"     15-21 

"     22-28 

"     29-July  5. 


626.18 
622.17 
672.28 
653.94 


138.60 
112.85 
114.98 
110.35 


768.36 
741 .  15 
793  04 
770.49 


795.58 
848.97 
869.46 
846.03 


+  27.22 
+  107.82 
+  76.42 
+  75.54 


+  3.89 
+15.40 
+  10.92 
+  10.79 


DISCUSSION. 

It  can  be  seen  from  the  data  in  Table  II  that  Animal  1  was  in 
positive  calcium  and  phosphorus  balances  on  both  the  dry  and  the 
green  alfalfa,  the  average  daily  storage  of  calcium  being,  respec- 
tively, 14.95  gm.  on  the  dry  alfalfa  hay  and  33.49  gm.  on  the 
green  alfalfa.  This  larger  storage  of  calcium  on  the  green  alfalfa 
we  would  interpret  as  being  in  harmony  with  previous  observa- 
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tions  that  green  plant  tissue  contains  more  than  dried  plant  tissue 
of  some  vitamine  favoiing  calcium  assimilation. 

.\nimals  2  and  3  were  also  in  positive  calcium  and  phosphorus 
balances  in  both  periods  of  observation,  but  not  to  the  same  de- 
gree as  No.  1.  This  difference  is  to  be  explained  by  the  fact  that 
No.  1  had  been  receiving  poor  hay  (low  in  calcium)  previous  to 
being  put  on  the  experiment,  and  consequently  was  in  a  more 
depicted  condition  with  respect  to  the  minerals  (calciimi  and  phos- 
phorus) than  Nos.  2  and  3,  which  had  received  alfalfa  hay  for  20 
weeks  pre\'ious  to  being  placed  in  this  experiment.  In  agreement 
with  the  results  secured  with  No.  1  there  was  a  greater  tendency 
on  the  part  of  these  animals  to  store  calcium  during  the  green 
alfalfa  period  than  during  the  dry  alfalfa  period  by  both  Animals 
2  and  3.  No.  2  showed  a  positive  daily  average  calcium  balance 
of  but  2.6  gm.  during  the  dry  alfalfa  period  but  this  was  increased 
to  11.66  gm.  in  the  green  alfalfa  period.  No.  3  showed  an  average 
positive  daily  calcium  balance  of  2.00  gm.  during  the  dry  alfalfa 
period  and  17.20  gm.  during  the  green  alfalfa  period."  No.  2 
was  an  especially  heavy  milker— yielding  over  40  pounds  of  milk 
per  day. 

The  more  pronounced  calciimi  storage  observed  during  the 
green  alfalfa  period  as  compared  with  the  dry  alfalfa  period  is  not 
to  be  explained  as  due  to  differences  in  calcium  intake  alone. 
While  the  calcium  intake  during  the  green  alfaKa  period  was  in 
some  cases  higher  than  during  the  dry  alfalfa  period,  yet  the  re- 
tention of  calcium  was  so  much  greater  in  the  former  period  as  to 
exclude  the  slight  differences  in  the  quantity  of  calcimn  ingested 
as  the  sole  determining  factor  in  the  results. 

Irrelevant  to  the  direct  purpose  of  this  paper  but  well  worth 
recoi-ding  was  the  fact  that  the  milk  of  No.  2  during  the  feeding  of 
dry  alfalfa  hay  and  also  previous  thereto,  but  only  while  receiving 
dry  hay,  was  coagulable  by  heat  at  136°,  the  temperature  of  a 
boiling  xylene  bath.  This  coagulabihty  could  be  prevented  by 
the  addition  of  calcium  salts  (6).  When  this  animal  was  changed 
to  the  green  alfalfa  hay,  the  milk  still  retained  the  property  of 
coagulabihty  by  heat  at  136°C.,  but  instead  of  being  corrected  by 
the  addition  of  calcium  salts,  the  coagulation  point  was  lowered 
by  such  additions  and  was  corrected  for  by  the  addition  of  citrates. 
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Why  these  data  on  calcium  balances  are  at  variance  with  those 
reported  by  Forbes  and  with  later  results  secured  by  ourselves  it 
is  difficult  to  see.  The  only  suggestion  as  an  explanation  that 
we  can  offer  at  the  present  time  is  the  possibility  of  a  difference  in 
the  character  of  the  dry  alfalfa  hay  and  silage  fed.  The  dry 
alfalfa  hay  which  we  used  may  possibly  have  been  richer  in  the 
\'itamine,  assisting  calciiun  assimilation,  than  the  alfalfa  used  by 
Forbes  in  his  experiments  and  the  alfalfa  used  by  us  in  our  second 
series  of  experiments  to  be  reported  upon  in  a  later  publication. 

With  the  corn  silage  the  situation  may  have  been  similar.  The 
maturity  of  the  corn  and  the  process  of  ensilaging,  like  the  curing 
of  the  alfalfa  are  variable  factors  which  may  modify  the  nutritive 
value  of  the  product. 

SUMMARY. 

1.  Liberally  milking  cows  were  maintained  in  positive  calcmm 
balance  by  dry  aKalfa  hay  used  as  the  principal  roughage  and 
main  source  of  calcium  when  supplemented  with  corn  sUage  and 
a  grain  mixture.  The  hay  consimaption  was  10  pounds  per  indi- 
vidual per  day.     It  was  of  excellent  quality,  ha\ing  been  cm-ed 

under  caps. 

2.  On  fresh  green  alfalfa  more  liberal  storage  of  calcium  was 
observed  with  these  animals  than  on  dry  alfalfa  hay. 

3.  With  positive  calcimn  balances  there  were  also  positive 
phosphorus  balances  with  the  three  animals  under  observation. 

4.  These  results,  in  reference  to  calcimn  equihbrium  in  milkmg 
cows,  do  not  appear  to  be  in  harmony  with  the  findings  of  Forbes 
and  his  associates.  We  have  additional  data,  however,  secured 
recently  and  to  be  published  in  a  later  paper,  but  obtained  with 
another  alfalfa  hay,  which  also  gave  us  negative  calcium  balances. 

Apparently  the  question  whether  positive  or  negative  calcium 
balances  will  prevail  in  liberally  milking  cows  through  the  use  of 
such  an  efficient  carrier  of  calcium  as  alfalfa  hay  is  determined  by 
the  quality  of  the  alfalfa  hay  used.  By  the  tenn  quality,  used  in 
this  connection,  we  mean  the  relative  degree  of  destruction  in  the 
curing  processes  of  the  unknown  factors  affecting  calcium 
assimilation. 
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A  METHOD  FOR  THE  PREPARATION  OF  CRYSTALLINE 
OXYHEMOGLOBIN. 

By  MICHAEL  HEIDELBERGER. 

(From  the  Hospital  of  The  Rockefeller  Instilute  for  Medical  Research.) 
(Received  for  publication,  May  9,  1922.) 

Available  methods  for  the  preparation  of  crystalline  oxyhemo- 
globin may  be  divided  into  t^vo  groups,  in  the  first  of  which 
alcohol  or  ether,  or  both,  are  used  as  aids  to  crystallization  and 
in  the  second  of  which  the  use  of  these  solvents  is  avoided      Possi- 
ble objections  to  the  use  of  alcohol  were  early  pointed  out  by 
Hufner  (1),  and  Mayet  (2)  emphasized  the  advantages  of     ben- 
zine" over  ether.     Although  these  workers,  as  well  as  Bohr  (3) 
and  Torup  (4),  made  preparations  in  which  the  use  of  either  or 
both  of  these  substances  was  avoided,  the  first  systematic  attempt 
to  work  out  a  method  without  their  aid  seems  to  have  been  the 
recent  one  of  Dudley  and  Evans  (5).     Their  procedure  involves 
pressure  dialysis  of  the  washed  red  ceUs  of  horse  blood,  crystal- 
hzation  of  the  oxvhemoglobin  in  the  dialysate  by  oxidation,  and 
recrystallization  of  the  product  from  water  by  reduction  in  vacuo 
at  37°  and  subsequent  oxidation.     Data  as  to  the  yield  and  purity 
of  the  product  are  not  given. 

In  the  hope  of  obtaining  fairly  large  amounts  of  oxyhemoglobin 
in  the  highest  possible  state  of  purity,  the  Dudley  and  Evans  method 
was  first  employed,  using  a  modification  suggested  by  Adolph 
and  Ferry  (6);  namely,  final  dialysis  against  water  saturated  with 
carbon  dioxide.     The  oxyhemoglobin  obtained  in  this  way  crystal- 
lized as  large  plates,  instead  of  the  needles  reported  by  Dudley 
and  Evans.     Furthermore,  the  insolubility  of  the  plates  and  then 
consequent  resistance  to  reduction  not  only  justified  the  belie 
that  isoelectric  oxyhemogloliin  was  being  dealt  with,  and  that 
Dudley  and  Evans  were  probably  working  with  a  more  soluble 
salt,  but  rendered  the  use  of  the  method  impossible  for  the  purpose 
in  view,  and  it  was  abandoned  in  favor  of  a  different  principle. 
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The  method  now  proposed  depends  upon  observations  that 
suspensions  of  T^■ashed  dog  or  horse  red  cells  crystallize  rapidly 
and  almost  completely  in  the  presence  of  toluene  when  saturated 
with  carbon  dioxide  and  oxygen,  and  that  the  resulting  oxyhe- 
moglobin may  be  recrystallized  by  solution  with  the  aid  of  sodium 
carbonate  and  reprecipitatcd  witlrcarbon  dioxide. 

The  use  of  toluene  was  found  to  hasten  markedly  the  crystal- 
lization  of   the   oxyhemoglobin   of   the   corpuscles   owing  to   its 
disintegrating  effect  on  the  cells  themselves.     While  its  hemolytic 
action  is  slower  than  that  of  ether,  its  use  obviates  the  chief 
disadvantages  of  the  latter;  namely,  solubility  in  water,  and  the 
presence  of  peroxides  and  other  reactive  substances  which  may 
alter  oxyhemoglobin.     The  carbon  dioxide  shifts  the  reaction  in 
the  acid  direction  past  the  isoelectric  point   of  oxyhemoglobin 
so  that  the  crystals  obtained  are  oxyhemoglobin  uncombined  with 
alkali.     By  thus  promoting  the  crystaUization  of  the  oxyhemo- 
globin  the  acidification  also  aids  in  the  original  disintegration 
of  the  corpuscles.     Saturation  with  pure  carbon  dioxide  would 
however,  drive  oxygen  out  of  the  solution  and  change  the  oxyhe- 
moglobin to  the  reduced  form,  which  is  too  soluble  to  crystallize 
readily.     In  order  to  obviate  this  difficulty  1  part  of  oxygen  was 
mixed  in  a  cylinder  with  4  parts  of  carbon  dioxide  for  the  satura- 
tion.    Such  a  mixture  may  be  passed  through  oxyhemoglobin 
solutions  indefinitely  without  reduction. 

Removal  of  the  salts  is  accomplished  by  the  simplified  form  of 
pressure  dialysis^  suggested  by  Adair,  Barcroft,  and  Bock  (7) 
after  the  desired  mmiber  of  recystallizations  has  been  carried  out! 
Two  recrystallizations  have  been  deemed  sufficient  in  this  labora- 
tory, but  for  many  purposes  the  oxyhemoglobin  will  undoubtedly 
be  found  pure  enough  after  the  first  recrystallization.  On  the 
other  hand,  the  losses  involved  in  each  recrystalUzation,  while 
appreciable,  are  not  sufficiently  large  to  preclude  three  or  even 
four  recrystallizations. 

Three  precautions  have  been  found  essential:  (a)  All  operations 
are  carried  out  in  the  cold,  centrifugation  being  a  jjossible  ex- 
ception if  a  centrifuge  in  a  cold  room  is  not  available.  (6)  The  oxy- 
hemoglobin is  not  aUowed  to  become  dry,  owing  to  the  resultant 
change,  noted  by  Bolu-  (8),  into  a  modification  in  which  the 
'  Except  that  the  membranes  are  not  sterilized. 
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oxygen  is  not  reactive,  (c)  During  the  various  manipulations 
on  the  acid  side  of  the  isoelectric  point,  before  the  final  dialysis, 
care  is  taken  to  have  an  excess  of  carbon  dioxide  constantly 
present.  If  the  carbon  dioxide  tension  is  permitted  to  fall, 
part  of  the  oxyhemoglobin  is  redissolved  as  alkali  salt. 

The  purity  of  the  oxyhemoglobin  obtained  by  the  present 
method  has  been  controlled  by  a  determination  of  the  ratio  of  the 
oxj^hemoglobin  present,  as  determined  by  Van  Slyke  and  Stadie's 
procedure  (9),  to  the  total  hemoglobin  pigments  present,  deter- 
mined as  cyanhemoglobin  by  Stadie's  method  (10).  As  will  be 
seen  in  Table  I,  preparations  of  96  to  100  per  cent  of  the  theoretical 
oxygen  capacity  were  obtained.  The  relative  freedom  of  the 
product  from  salts  was  controlled  by  conductivity  measurements 
of  saturated  aqueous  solutions,  the  values  obtained  being  also 
given  in  the  table. 

EXPERIMENTAL. 

Oxalated  or  defibrinated  dog  or  horse  blood  of  known  oxyhemo- 
globin content  is  centrifuged  and  the  plasma  or  serum  and  the 
layer  of  white  cells  are  removed.  The  red  cells  are  then  washed 
three  tunes  with  chilled  0.85  per  cent  sodium  chloride  solution, 
after  which  the  supernatant  liquid  usually  gives  at  most  only  a 
faint  haze  when  a  test  portion  is  boiled.  The  cells  are  then  rinsed 
into  a  flask  with  a  few  cubic  centimeters  of  water.  The  vessel 
is  cooled  in  ice  water,  and  a  steady  stream  of  a  mixture  of  4  parts 
of  carbon  dioxide  to  1  part  of  oxygen  passed  in.  Toluene  is, 
meanwhile,  added  in  amount  equal  to  about  one-seventh  of  the 
volume  of  corpuscles,  and  the  mixture  is  stirred  with  the  gas  inlet 
tube  until  it  becomes  pasty.  Passage  of  the  gas  is  continued  for  a 
few  minutes,  with  vigorous  stirring,  after  wliich  the  flask  is 
stoppered  tightly  with  a  rubber  stopper  and  allowed  to  stand  over 
night  in  the  ice  box.  This  is  often  long  enough  to  complete  the 
process  of  disintegration  of  the  cells  and  crystallization  of  the 
oxyhemoglobin,  but  if  many  intact  cells  are  still  to  be  seen  under 
the  microscope  the  treatment  with  carbon  dioxide  and  oxygen  is 
repeated  and  the  flask  allowed  to  stand  a  day  or  two  longer. 

The  consistency  of  the  resulting  mixture  depends  somewhat 
upon  the  extent  to  which  the  red  cells  have  been  packed  in  the 
centrifuge  and  upon  other  factors  which  have  not  been  determined. 
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If  the  mixture  is  sufficiently  thin  it  may  be  cenlrifuged  with 
advantage  in  chilled  tubes  in  a  cold  room,  separating  into  an 
upper  layer  of  toluene  and  cell  fragments,  an  intei  mediate  layer 
of  clear  solution,  and  a  lower  layer  of  oxyhemoglobin  crystals. 
The  two  upper  layers  are  poured  off  and  the  crystals  drained  in  the 
ice  box  on  a  cliilled  porous  plate,  the  surface  layer  being  renewed 
constantly  as  it  dries  out,  in  order  to  avoid  possible  conversion  of 
the  oxyhemoglobin  into  a  form  in  which  the  oxygen  is  less  reactive. 
During  this  process  a  slow  stream  of  carbon  dioxide  should  be 
directed  over  the  surface  of  the  plate,  otherwise  a  portion  of  the 
oxj^hemoglobin  will  redissolve  as  carbon  dioxide  evaporates  from 
the  mixture.  When  drainage  is  as  complete  as  possible,  the 
oxyhemoglobin  is  scraped  into  a  chilled  mortar  and  ground  to  a 
smooth  paste  with  sufficient  ice-cold  water  to  bring  the  final 
volume  up  to  three  to  three  and  a  hah  tmies  (in  cubic  centimeters) 
the  weight  in  grams  of  oxyhemoglobin  present  in  the  original 
blood. 

In  case  the  crude  mixture  of  crystals,  toluene,  and  cell  frag- 
ments is  too  thick  to  permit  centrifugation,  the  entire  mass  is 
transferred  to  a  porous  plate,  using  the  same  precautions  as  given 
above.  Under  these  conditions  the  process  of  drainage  takes  much 
longer  and  cannot  be  carried  to  completion  owing  to  the  emulsion 
formed  by  the  toluene.  On  the  other  hand,  the  product,  being 
less  compact,  is  easier  to  grind  to  a  smooth  paste  with  water,  and 
the  toluene  and  cell  fragments  may  be  removed  during  the  first 
recrystallization.  The  final  volume  in  this  case  should  be  kept 
as  close  as  possible  to  that  given  above.- 

The  thin  paste  of  crude  oxyhemoglobin  is  transferred  to  a  beaker, 
set  in  ice  water,  and  titrated  to  minimmn  turbidity  with  normal 
sodimii  carbonate  solution.  During  the  addition  of  carbonate  the 
mixture  is  stirred  thoroughly,  and  any  Imnps  which  may  remain 
ar*  disintegrated.  The  amount  of  sodiimr  carbonate  necessary 
is  greatest,  of  course,  when  the  crude  crystals  have  been  thoroughly 
drained  and  contain  as  little  as  possible  of  the  bicarbonate  and 

2  An  alternative  method,  which  is  quite  satisfactory  in  the  case  of  dog 
blood,  but  is  very  slow  in  the  case  of  horse  blood,  is  to  filter  the  entire 
mass  in  the  ice  box  through  silk,  using  as  large  a  Buchner  funnel  aa 
possible,  and  observing  the  precautions  given  below  for  filteriug  oxyhe- 
moglobin suspensions. 
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salts  of  the  mother  Hquor.  In  this  case  the  final  concentration 
of  alkali  added  as  carbonate  is  approximately  0.1  n.  If  the 
toluene  and  cell  fragments  have  been  separated  previously  by 
centrifugation  and  if  enough  water  is  present,  a  fairly  clear,  deep 
red  solution  will  result,  but  if  too  little  water  is  used  a  crystaUine 
precipitate  of  what  appears  to  be  sodium  oxyhemoglobinate  will 
remain.  In  this  case,  and  also  in  the  case  in  which  the  toluene 
and  cell  fragments  are  still  present,  the  carbonate  solution  is 
added  to  the  point  of  minimum  turbidity,  after  which  1  or  2  cc. 
more  are  added  in  order  to  make  sure  of  an  excess. 

The  solution  is  next  ccntrifuged,  and  any  toluene  and  cell 
fragments  on  top  are  sucked  off  through  a  capillary  tube,  a  pro- 
cess which  can  generally  be  accomplished  without  appreciable 
loss  of  the  actual  oxyhemoglobin  solution.  If  loss  should  occur, 
however,  the  mixture  wliich  has  been  sucked  off  may  be  whirled 
again  and  the  clear  oxyhemoglobin  solution  added  to  the  main 
portion.  If  enough  alkali  has  been  added  and  there  is  still  a 
crystaUine  deposit  in  the  centrifuge  tubes,  too  little  water  is 
present,  and  the  precipitate  may  be  dissolved  in  the  minimiun 
amount  of  water  and  the  solution  added  to  the  main  portion. 
This  precipitate,  which  is  usually  encountered  at  this  point  only 
when  dog  blood  has  been  used,  appears  to  be  sodiimi  oxyhemo- 
globinate, for  it  is  readily  soluble  in  water  with  a  bright  red  color, 
it  has  a  characteristic  crystalline  form,  and,  finally,  yields  crystals 
characteristic  of  dog  oxyhemoglobin  when  a  concentrated  aqueous 
solution  is  saturated  with  carbon  dioxide-oxygen  mixture  and 
allowed  to  stand  in  the  cold.  Further  investigation  of  tliis  salt 
will  be  undertaken. 

The  oxyhemoglobin  solution  is  next  chilled  and  a  stream  of  the 
carbon  dioxide-oxygen  mixture  passed  in  until  crystallization 
begins,  after  which  the  flask  is  tightly  stoppered  and  set  in  the 
ice  box.  Often  within  a  few  minutes  the  oxj^hemoglobin  has  set 
to  a  solid  cake  of  long,  flat,  scarlet  needles  in  the  case  of  dog 
oxyhemoglobin,  and  dark  red,  gUstening,  broader  plates,  often 
diamond-shaped  or  hexagonal,  in  the  case  of  horse  oxyhemoglobin. 

After  standing  over  night  in  the  ice  box  the  crystals  are  sucked 
off  on  hardened  paper  in  a  Buchner  funnel  (the  5  inch  size  is 
adequate  for  the  oxyhemoglobin  from  300  cc.  of  blood).  The 
filtration  is  carried  out  in  the  ice  box,  with  a  slow  stream  of 
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carbon  dioxide  passing  into  the  funnel.  The  surface  is  kept  moist 
Ijy  renewal  with  a  spatula  as  it  dries  out,  and  when  this  is  no 
longer  possible,  a  few  cc.  of  water  saturated  with  carbon  choxidc 
are  sucked  through  with  the  same  precautions,  after  which  the 
filtration  is  stopped.  The  entire  process  usually  takes  less  than 
1  hour. 

For  many  purposes  the  oxyhemoglobin  is  undoubtedly  suf- 
ficiently pure  at  this  point,  and  in  one  experiment  which  was 
interrupted  at  this  stage  the  amount  of  crystalline  oxyhemoglobin 
recovered  was  46  per  cent  of  the  amount  present  in  the  original 
blood,  as  determined  by  the  oxygen  capacity. 

For  further  purification  the  recrystallization  process  is  repeated. 
The  crystaUine  cake  is  transferred  to  a  chilled  mortar  and  again 
ground  to  a  smooth  paste  with  cold  water.  The  volume  of  the 
suspension  thus  obtained  should  be  about  0.7  of  that  employed 
for  the  first  recrystallization  if  the  toluene  and  cell  fragments 
have  been  initially  removed  by  centrifugation,  and  from  0.4 
to  0.6  as  large  if  the  removal  of  the  upper  laj-er  was  accomplished 
during  the  first  recrystallization.  The  larger  fraction  will,  of 
course,  be  necessary  when  drainage  of  the  original  crystallized 
cell  mixture  on  the  porous  plate  has  been  most  complete.  The 
suspension  of  oxj-hemoglobin  is  dissolved  with  normal  sodium 
carbonate  solution,  centrifuged,  re  precipitated  with  the  carbon 
dioxide-oxygen  mixture,  and  collected,  at  every  step  with  the 
same  precautions  as  in  the  first  recrj-^stallization. 

If  salt-free  oxyhemoglobin  is  desired,  the  crystals  are  ground 
with  the  minimum  amount  of  cold  water  to  a  paste  which  will  just 
flow  easily,  saturated  in  the  cold  with  the  carbon  dioxide-oxygen 
mixture,  transferred  at  once  to  narrow  collodion  dialysis  bags,  and 
dialyzed  under  pressure  in  the  ice  box  against  water  saturated 
with  carbon  dioxide-oxygen  mixture.  Dialysis  for  3  or  4  days, 
the  carbon  dioxide-oxygen-saturated  water  and  the  positions  of 
the  bags  being  changed  dail}^  is  sufficient  to  bring  the  conductivity 
down  to  the  values  given  in  Table  I.  The  dialysis  tubes  found 
most  suitable  in  this  laboratory  were  made  in  50  cc.  test-tubes 
with  one  of  the  eminently  satisfactorj'  collodion  mixtures  pro- 
posed by  Eggerth  (11) ,  namely,  a  solution  of  7  gm.  of  "Parlodion" 
in  60  cc.  of  ether,  30  cc.  of  alcohol,  and  10  cc.  of  glacial  acetic 
acid.     Dialysis    under    pressure    was    accomplished    by    simply 
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closing  the  ends  of  the  tubes  with  tightly  screwed,   vubljer-faced 
screw  pinch-cocks,  as  proposed  by  Adair,  Barcroft,  and  Bock  (7). 

At  the  end  of  the  dialysis  the  contents  of  the  bags,  which  still 
retain  their  crystalline  structure,  are  sucked  off  in  the  ice  box  on 
hardened  paper  in  a  Buchner  funnel,  using,  as  before,  the  pre- 
caution of  keeping  the  surface  layer  moist.  The  use  of  carbon 
dioxide  at  this  stage  is  unnecessary,  as  the  oxyhemoglobin  remains 
sparingly  soluble  in  the  absence  of  alkali  and  salts. 

The  conductivity  values  were  obtained  by  grinding  the  product 
in  a  chilled  mortar  with  ice  water,  centrifuging  the  resulting 
suspension,  pouring  off  at  temperatures  ranging  from  19  to  28°, 
and  measuring  the  conductivity  of  the  clear  supernatant  solution 
after  evacuating  a  few  times  to  remove  any  carbon  dioxide 
present.  The  oxyhemoglobin  content  of  the  resulting  solutions 
is  given  in  Table  I. 

The  purified  oxj-hemoglobin  was  dissolved  either  with  the 
aid  of  sodium  carbonate  solution  or  with  a  sufficient  excess  of 
n/7  sodium  hydroxide  to  bring  the  final  concentration  of  alkali 
to  0.03  or  0.04  n,  and  the  solution  was  filtered  through  a  small, 
loose  plug  of  washed  cotton  into  a  volumetric  flask  of  appropriate 
size  and  made  up  to  the  mark.  The  yield  of  oxyhemoglobin  was 
calculated  from  the  oxygen  capacity  of  the  resulting  solution,  and 
varied  between  23  and  38  per  cent  of  the  total  originally  present 
in  the  blood  used.  The  purity  of  the  product  was  determined 
by  comparing  the  oxygen  capacity  with  the  total  hemoglobin 
content  as  determined  by  Stadie's  (10)  methemoglobin  method,' 
and  the  ratio  of  oxyhemoglobin  to  total  hemoglobin  pigments  was 
found  to  vary  between  96  and  100  per  cent.* 

The  entire  process  of  preparation  of  the  dialyzed  oxyhemoglobin 
can  scarcely  be  completed  in  less  than  a  week.  On  the  other 
hand,  it  is  not  desirable  to  let  preparations  stand  unduly  long  at 
the  various  stages  of  purification,  for  if  the  process  is  extended 

^  It  is  advisable  to  check  up  the  cyanhemoglobin  standard  at  least 
every  2  weeks,  as  the  color  tends  to  deepen,  even  in  the  ice  box.  The 
color  of  the  chilled  standard  also  changes  with  rise  in  temperature,  so 
that  the  solution  should  be  allowed  to  come  to,  room  temperature  before 
comparisons  are  made. 

*  The  experiments  recorded  in  this  paper  were  all  performed  before  the 
hot  weather  set  in.  Since  that  time  yields  and  oxygen  capacities  have 
occasionally  dropped  as  much  as  5  per  cent  below  the  values  given  above. 
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for  much  over  2  weeks  there  is  a  noticeable  dmiinution  of  the 
oxygen-binding  power  of  the  product.  Also,  when  solutions 
saturated  with  the  carbon  dioxide-oxygen  mixture  are  allowed-  to 
stand  it  is  desirable  to  resaturate  with  the  gas  mixture  at  least 
every  other  day  in  order  to  compensate  for  leakage. 

The  stability  to  be  expected  of  the  solutions  of  oxyhemoglobin 
obtained  by  this  method  is  indicated  in  Fig.  1,  in  which  a  steady 
diminution  of  the  oxyhemoglobin  content  is  shown  amounting 
roughly  to  1  per  cent  per  day.     The  total  hemoglobin  content 
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Fig.  1. 


of  the  original  solution  was  13.8  gm.  per  100  cc.  and  the  oxyhemo- 
globin content  13.7  gm.,  while  the  latter  had  fallen  to  11.05  gm. 
at  the  end  of  22  days. 
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GROWTH     AND     REPRODUCTION     UPON     SIMPLIFIED 
FOOD  SUPPLY. 

11.    INFLUENCE  OF  FOOD  UPON  MOTHER  AND  YOUNG  DURING 
THE  LACTATION  PERIOD.* 

By  H.  C.  SHERMAN  and  MARIE  MUHLFELD. 

(From  the  Department  of  Chemislrij,   Columbia   University,   New    York.) 

(Received  for  publication,  May  17,  1922.) 

In  the  preceding  paper  of  this  series'  experiments  were  des- 
cribed in  wliich  it  appeared  that  the  quantitative  proportion  of 
milk  in  diets  consisting  of  ground  whole  wheat  and  whole  milk 
powder  had  a  distinct  influence  upon  the  mother  and  young  during 
the  lactation  period  even  in  cases  in  which  both  diets  would  be 
accepted  as  adequate  since  both  sufficed  for  growth,  reproduction, 
and  successful  suckling  of  the  young. 

Thus  two  female  rats,  whose  diets  contained,  respectively,  one- 
sixth  and  one-third  of  milk  solids,  both  raised  good  sized  litters 
of  young,  but  the  larger  proportion  of  milk  in  the  diet  resulted  in 
more  rapid  growth  of  the  young  and  less  loss  of  weight  on  the 
part  of  the  mother  while  suckling  them. 

Since,  in  our  experience,  indi\ddual  variability  constitutes  an 
even  more  prominent  factor  in  reproduction  and  lactation  than 
in  growth,  we  have  extended  the  comparison  of  the  efficiencies 
of  these  two  diets  for  the  support  of  lactation  in  the  mother  and 
gi-owth  in  the  suckling  young  to  a  large  mmiber  of  cases  the 
average  results  of  which  are  presented  briefly  in  this  paper. 

For  the  convenience  of  the  reader  the  diets  used  in  the  particular 
series  of  experunents  with  which  this  and  the  follo\\iug  paper^ 

*  Published  as  Contribution  No.  389  from  the  Department  of 
Chemistry,  Columbia  University. 

The  expenses  of  this  investigation  were  sh.ired  by  the  Department  of 
Chemistry  and  the  Borden  Research  Fund  of  Columbia  University. 
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deal  have  been  given  alphabetical  designations  in  order  of  in- 
creasing proportions  of  milk  in  the  food  mixture. 

Diet  A  (Laboratory  No.  16)  consists  of  one-sixth  whole  milk 
powder  and  five-sixths  ground  whole  wheat  with  sodium  chloride 
2  per  cent  of  the  weight  of  the  wheat. 

Diet  B  (Laboratory  No.  13)  consists  of  one-third  whole  milk 
powder  and  two-thirds  ground  whole  wheat  with  sodium  chloride 
2  per  cent  of  the  weight  of  the  wheat. 

Only  distilled  water  was  given  and  no  bedding  was  used  except 
in  the  cases  of  females  with  yoimg  less  than  2  weeks  old,  and  then 
only  pure  paper  or  cellulose.  The  rats  had  no  access  to  wood 
or  any  other  material  which  could  have  been  eaten  in  addition 
to  the  regular  diet.  The  diet  was  fed  ad  libitum,  the  ingredients 
being  so  ground  and  mixed  that  the  animals  were  obliged  to 
consume  them  in  the  exact  proportions  stated,  and  the  amount  of 
food  consumed  was  carefully  determined  and  recorded  in  periods 
of  1  week. 

The  general  procedure  was  as  follows.  Rats  breeding  on  experi- 
mental diets  are  kept  in  galvanized  wire  cages  in  lots  consisting 
usually  of  one  male  and  three  to  five  females.  Each  rat  is  weighed 
weekly  at  all  times  and  more  frequently  as  pregnancy  advances. 
Each  female  when  apparently  within  a  few  days  of  giving  birth 
to  young,  is  placed  in  a  separate  cage.  As  soon  as  the  young  are 
born  a  new  record  of  the  mother's  food  consumption  is  begun  and 
the  weighings  of  mother,  young,  and  food  are  then  made  at 
weekly  intervals  until  the  young  are  4  weeks  ol3  when  they  are 
separated  from  the  mother  and  the  latter  is  returned  to  her  breed- 
ing cage.  Living  in  bare  cages,  our  rats  practically  lose  the  nest- 
making  instinct,  and  even  if  offered  bedding  do  not  make  nests  in 
advance  of  the  birth  of  young.  As  a  regular  procedure  we  do 
not  offer  bedding  until  after  the  birth  of  a  litter  is  complete. 
Some  hours  after  the  young  have  been  born  on  the  bare  wire 
cloth  bottom  of  the  cage,  bedding  is  supphed  in  the  form  of 
finely  cut  pure  crepe  paper  or  pure  cellulose  in  shredded  form  or 
a  mixture  of  these.  The  mother  may  or  may  not  make  a  rough 
temporary  nest  of  this  material.  The  cages  are  cleaned  and  fresh 
bedding  is  supplied  daily.  This  involves  frequent  but  uniform 
handling  of  the  young  after  they  are  24  to  36  hours  old. 
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Doubtless  the  technique  which  we  have  adopted  in  order  to 
insure  cleanliness  of  cages,  complete  recover}'-  of  scattered  food, 
and  avoidance  of  any  form  of  bedding  wliich  might  be  eaten  by 
the  rats,  is  somewhat  severe  and  results  in  the  rearing  of  a  somewhat 
lower  percentage  of  the  young  than  might  be  reared  by  the  same 
mothers  on  the  same  diets  under  the  less  rigorous  conditions 
adopted  in  some  other  laboratories.  Even  if  it  be  thought  that 
our  endeavor  to  insure  a  strictly  quantitative  record  of  food  intake 
and  the  absence  of  roughage  other  than  that  supplied  by  the  food, 
has  resulted  in  unduly  rigorous  conditions  and  a  consequently 
high  rate  of  infant  mortality,  yet  since  these  conditions  are  all 
uniform  they  cannot  detract  from  the  accuracy  of  our  comparisons 
of  different  diets;  and  they  do  permit  of  a  more  strictly  quantita- 
tive discussion  of  the  efficiencies  of  different  diets  than  would 
otherwise  be  possible. 

TABLE  I. 

Comparison  of  Numbers  of  Young  Born,  and  of  Young  Reared,  by  Ten 

Mothers  on  Each  of  Two  Diets,  A  and  B. 


Diet 

Number  of 

young  born. 

Number  of  young  reared. 

Percentage 
of  young 

Total. 

Average. 

Total. 

Average. 

reared. 

A 
B 

299 
498 

29.9 

49.8 

145 
310 

14.5 
31.0 

48 
62    . 

Influence  of  Diet  upon.  Numbers  of  Young  Born  and  Successfully 
Suckled.— The  effects  of  the  two  diets  here  considered  is  best 
shown  by  a  comparison  of  the  complete  reproduction  records  of 
the  first  ten  females  kept  on  each  of  the  two  diets,  as  shown  ia 
Table  I. 

Here  the  increased  proportion  of  milk  in  the  diet  resulted  in 
the  birth  of  a  larger  nmnber  of  young  and  also  the  rearing  of  a 
larger  percentage  of  the  young  born. 

A  similar  relationship  was  found  when  we  compared  the  data 
of  all  the  births  during  the  year  1920;  viz.,  167  litters  born  on 
Diet  A  and  402  litters  born  on  Diet  B.  These  latter  figures  are 
not  here  given  in  detail  because  their  discussion  is  rendered  some- 
what cumbersome  by  the  fact  that  both  of  these  latter  groups 
contain  a  large  proportion  of  young  mothers  whose  tendency  to 
lose  their  first  litters  makes  the  percentage  of  infant  mortality  in 
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the  averages  for  the  year  somewhat  misleading  unless  explained 
in  detail.  It  may,  however,  be  emphasized  that  an  experience 
with  hundreds  of  litters  born  at  all  seasons  of  the  year  has  fully 
confirmed  the  conclusions  drawn  from  the  data  shown  in  Table  I. 

In  this  larger  experience  of  167  litters  on  Diet  A  and  402  litters 
on  Diet  B  the  increased  proportion  of  milk  in  the  diet  of  the 
mother  evidently  resulted  both  in  the  bearing  and  rearing  of 
more  young  and  in  an  increase  in  the  number  of  young  born  per 
litter.  On  Diet  A  the  most  frequent  number  was  six  and  the 
mean  number  was  5.51;  on  Diet  B  the  most  frequent  number 
was  seven  and  the  mean  was  6.47.  As  the  difference  between  the 
means  was  over  seven  times  its  probable  error,  it  is  undoubtedly 
significant.  A  similar  diiference  was  found  in  the  number  of 
young  raised  per  litter.  As  the  number  of  litters  raised  by  each 
mother  was  much  larger  among  those  receiving  the  higher  pro- 
portion of  milk  in  the  diet,  the  net  effect  of  this  change  in  the 
quantitative  proportions  of  foods  in  the  dietary  was  the  rearing 
of  about  double  the  number  of  young  by  each  mother  as  illus- 
trated by  the  typical  data  given  in  Table  I. 

Influence  of  Diet  upon  Maintenance  of  Mothers'  Weight  whik 
Sucklitig  Young.— As  mentioned  above,  our  technique  involves 
weekly  weighings  of  all  rats  in  our  colony.  Hence  by  referring 
back  we  can  always  find  the  weight  of  each  female  at  approxi- 
mately the  beginning  of  her  pregnancy,  3  weeks  before  the  birth 
of  her  young.  With  this  weight  we  have  compared  the  lowest 
weight  observed  during  the  lactation  period  as  an  indication  of 
the  efficiency  of  the  diet  in  maintaining  the  mother  while  she  is 
suckling  her  young. 

When  the  number  of  young  in  the  litter  was  small,  and  the 
demands  of  lactation  relatively  light,  either  of  the  diets  here 
discussed  was  adequate  for  maintenance  of  the  body  weight  of 
the  mother;  but  with  larger  litters  and  consequently  larger 
demands  upon  the  suckling  mothers,  the  diet  containing  the  larger 
proportion  of  milk  proved  much  more  efficient  in  the  maintenance 
of  the  body  weight  of  the  mother.  Averaging  for  each  diet  all 
of  the  cases  of  mothers  suckling  litters  of  six  young,  the  net 
difference  in  favor  of  Diet  B  was  12  gm.  per  capita  or  over  6  per 
cent  of  the  mother's  weight.  For  those  suclding  seven  young  the 
average  difference  was  35  gm.  per  capita  or  18  per  cent  of  the 
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mother's  weight.  For  larger  litters  there  arc  not  sufficient  num- 
bers of  cases  of  mothers  of  similar  ages  to  permit  of  quantitative 
comparison. 

It  is  plain  that,  when  the  demands  of  lactation  are  considerable, 
the  quantitative  proportions  of  milk  in  the  two  diets  (each  of 
which  would  ordinarily  be  adjudged  adequate)  becomes  an  im- 
portant consideration  in  the  maintenance  of  the  mother  as  well 
as  in  the  rearing  of  the  young. 

Influence  of  Diet  of  Mother  upon  Growth  of  SuckUng  Young.— 
In  the  experiments  here  described  we  did  not  weigh  the  young  at 
birth  but  did  weigh  them  at  weekly  intervals  thereafter.  From 
previous  experience  of  our  own  and  other  laboratories  we  judge 
that  healthy  rats  will  vary  but  little  from  a  range  of  4  to  5  gm. 
at  birth.  At  4  weeks  of  age,  however,  our  young  rats  of  families 
on  Diet  A  averaged  33.9  gm.  ( ±  0.3  gm.),  and  those  of  families 
on  Diet  B  averaged  42.3  gm.  (±0.2  gm.).  This  increase  of  8.4 
gm.  (±0.4  gm.),  or  25  per  cent  in  the  average  weight  at  weaning 
time,  is  far  too  large  to  be  accidental  and  is  plainly  due  to  the 
increased  percentage  of  milk  in  the  food  of  the  mother.  In  Table 
II  the  data  are  grouped  according  to  the  number  of  young  in  the 
litter.  Since  practically  equal  nimibers  of  males  and  females 
were  reared  on  each  diet  it  is  not  necessary  in  this  comparison  to 
discuss  the  sexes  separately. 

It  is  evident  from  Table  II  that  Diet  A  which  appears  fully 
adequate  under  ordinary  tests  fails  to  permit  of  a  fully  average 
growth  of  the  suclding  young  especially  in  the  larger  families, 
whereas  Diet  B  resulted  in  a  fully  average  weight  at  weaning 
time  even  when  the  nmnbers  of  young  were  large. 

Relation  of  the  Proportion  of  Milk  in  the  Diet  to  the  Economy 
with  Which  the  Food  Is  C'serf.— The  foregoing  data  show  that- 
more  and  larger  young  were  weaned  with  less  drain  upon  the 
mother  when  the  food  of  the  family  contained  the  higher  per- 
centage of  milk.  It  would  be  of  interest  to  know  to  what  extent 
the  better  results  are  attributable  to  the  consmnption  of  more  as 
well  as  better  food,  and  to  what  extent  to  a  more  economical 
use  of  the  food  consumed.  Too  many  factors  enter  into  this 
problem  to  permit  of  our  classifying  all  of  our  cases  into  com- 
parisons in  winch  only  one  factor  shall  vary  at  a  time.  This 
condition  is,  however,  approximated  in  the  case  of  the  groups  of 
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mothers  raising  litters  of  five,  six,  and  seven  young  on  the  two 
diets,  respectively.  These  groups  of  females  were  of  nearly 
the  same  average  initial  weight  and  had  nearly,  if  not  quite, 
completed  their  growth.  From  records  of  food  consumption  of 
large  numbers  of  normal  rats  in  our  colony  it  appears  that  young 
adults  require  an  average  of  0.22  calories  per  gm.  of  body  weight 
per  day  for  their  own  support.  Making  this  allowance  for  the 
maintenance  of  the  mother  we  may  calculate  the  rest  of  the  food 
actually  consumed  as  chargeable  to  the  rearing  of  the  young. 
(In  the  latter  part  of  the  4  weeks  period  during  which  the  young 
remain  with  the  mother,  a  part  of  the  food  furnished  is,  of  course, 

TABLE  II. 
Influence  of  Diet  of  Family  on  Size  of  Young  at  Weaning. 


Number 

of  young  in 

litter. 


3 

4 
5 
6 
7 
8 
9 
10 


Diet  A. 

Diet  B. 

Total 

number  of 

young. 

Average 

weight  at  28 

days. 

Total 

number  of 

young. 

Average 

weight  at  28 

days. 

gm. 

gm. 

4 

38 

4 

43 

12 

36 

15 

43 

36 

38 

32 

40 

65 

34 

SO 

41 

66 

35 

132 

41 

35 

34 

154 

44 

16 

26 

88 

43 

0 

45 

41 

10 

28 

10 

43 

Difference  in  favor  of 
Diet  B  at  28  days. 


+   5 

+  7 
+  2 
+  7 
+  6 
+  10 
+17 

+  15 


per  cent 

+13 
+  19 
+  5 
+21 
+  17 
+29 
+65 

+54 


consumed  directly  by  the  young.  For  the  comparisons  which 
we  are  here  making  we  need  not  consider  whether  the  food  which 
goes  to  nourish  the  mother  and  young  is  consumed  in  the  first  place 
entirely  by  the  mother  or  in  part  by  her  and  in  part  by  the 
young  directly.) 

Taking  then  the  records  of  food  consumption  of  the  three 
most  directly  comparable  groups  of  families  on  each  of  the  two 
diets,  namel.v  those  having  litters  of  five,  six,  and  seven  young, 
deducting  what  the  mothers  would  normally  have  eaten  for  their 
own  maintenance,  and  disregarding  for  the  moment  the  changes 
in  body  weight  of  the  mother  which  actually  occurred,  it  appears 
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that  each  gram  of  j^oung  rat  reared  to  weaning  time  on  Diet 
A  cost  7.30  calories  of  extra  food,  while  on  Diet  B  this  extra  food 
cost  was  6.74  calories.  As  these  are  averages  for  27  families  on 
Diet  A  and  60  families  on  Diet  B  and  the  difference  appears 
consistently  when  the  groups  having  five,  six,  and  seven  young 
are  compared  separately,  the  result  cannot  be  accidental.  It 
plainly  establishes  a  more  economical  use  of  the  diet  containing 
the  larger  percentage  of  milk.  The  true  difference  in  favor  of 
this  diet  is  seen  to  be  considerably  greater  when  account  is  taken 
of  the  fact  that  the  body  weight  of  the  mother  was  at  the  same 
time  much  better  supported  by  Diet  B  than  by  Diet  A,  the  average 
difference  in  the  cases  here  considered  being  14.5  gm.  in  favor  of 
Diet  B  for  each  nursing  mother,  or  7  to  8  per  cent  of  her  body 
weight.  Hence  it  appears  that  the  young  rats  of  the  families 
receiving  the  larger  percentage  of  milk  in  their  food  were  pro- 
duced with  greater  economy  both  of  the  body  material  of  the 
mother  and  of  the  calories  of  food  consumed. 

SUMMARY. 

Breeding  rats  were  fed  upon  diets  containing  respectively 
one-sixth  whole  milk  powder  to  five-sixths  ground  whole  wheat 
or  one-third  whole  milk  powder  to  two-thirds  ground  whole  wheat. 
Young  were  successfully  reared  on  both  diets  and  both  would  be 
regarded  as  adequate  for  growth,  reproduction,  and  successful 
suckling  of  the  second  generation.  The  larger  proportion  of 
mUk  in  the  second  diet  resulted  in  the  following  evidences  of  im- 
proved nutrition: 

1.  Increase  in  the  number  of  young  produced. 

2.  Increase  in  the  percentage  (and  therefore  also  in  the  number) 
of  voung  successfully  suckled. 

3.  Better  maintenance  of  the  body  weight  by  the  mother 
while  suckling  the  young. 

4.  Higher  average  weight  of  young  at  a  standard  weamng  age 

of  4  weeks. 

5.  More  economical  utilization  of  the  calories  of  food  consumed 
(as  well  as  of  the  body  material  of  the  mother)  in  the  rearing  of 
the  young  to  weaning  age. 


GROWTH  AND  REPRODUCTION  UPON  SIMPLIFIED 
FOOD  SUPPLY. 

III.   THE  EFFICIENCY  OF  GROWTH  AS  INFLUENCED  BY  THE 
PROPORTION  OF  MILK  IN  THE  DIET.* 

By  H.  C.  SHERM4N  and  JOSEPHINE  CROCKER. 

{From  the  Department  of  Chemistry/,   Columbia   University,   New    York.) 

(Received  for  publication,  May  17,  1922.) 

In  the  preceding  papers  of  this  series  ^'Mt  has  been  shown 
that  food  mixtures  consisting  of  ground  whole  wheat  and  whole 
milk  powder  with  distilled  water  and  sodiimi  chloride,  are  adequate 
for  growth  and  reproduction  in  our  experimental  animals  (rats) 
when  one-sixth  of  the  weight  of  the  food  mixture  is  milk  powder, 
but  that  an  increase  in  the  proportion  of  milk  to  one- 
third  of  the  soUds  of  the  food  mixture  results  in  more  efficient 
nutrition  as  evidenced  in  better  maintenance  of  the  mother  dur- 
ing the  lactation  period  and  the  production  and  successful  suck- 
ling of  more  and  larger  young. 

The  purpose  of  the  present  paper  is  to  extend  this  study  of 
the  influence  of  the  quantitative  proportions  of  these  simple  mix- 
tures by  following  their  effects  upon  the  rate  and  efficiency  of 
growth  of  the  young  after  weaning,  and  by  considering  also  the 
effects  of  diets  containing  larger  proportions  of  milk. 

The  series  of  diets  of  whole  wheat  and  whole  milk  powder  here 
referred  to  is  as  follows: 

Diet  A  {Laboratory  No.  i^).— One-sixth  whole  milk  powder  and 
five-sixths  ground  whole  wheat  with  sodiimi  chloride  2  per  cent 
of  the  weight  of  the  wheat.     Energy  value  3.79  calories  per  gm. 

Diet  B  (Lafcorafory  A^o.;S).— One-third  whole  milk  powder  and 

*  Published  as  Contribution  No.  390  from  the  Department  of  Chem- 
istry, Columbia  University. 
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two-thirds  ground  whole  wheat  with  sodium  chloride  2  per  cent 
of  the  weight  of  the  wheat.     Energj-  value  4.04  calories  per  gm. 

Diet  C  {Laboratory  No.  75).— Equal  weights  of  whole  milk 
powder  and  ground  whole  wheat  with  sodium  chloride  2  per  cent 
of  the  weight  of  the  wheat.     Energy  value  4.29  calories  per  gm. 

Diet  D  {Laboratory  No.  SO).— Two-thirds  whole  milk  powder  and 
one-third  ground  whole  wheat  with  sodium  chloride  2  per  cent 
of  the  weight  of  the  wheat.     Energy  value  4.55  calories  per  gm. 

For  reasons  described  in  the  preceding  paper,"  no  bedding 
was  used  and  only  distilled  water  was  supplied. 

The  animals  were  allowed  to  eat  ad  libitum  from  weighed  por- 
tions of  their  respective  food  mixtures  and  the  quantity  of  food 
consumed  was  in  each  case  determined  by  weighing  the  remaining 
food  at  the  same  time  with  the  weekly  weighing  of  the  rats. 

The  young  rats  were  separated  from  their  mothers  and  placed 
upon  the  experimental  diets  at  a  standard  "weaning"  age  of 
4  weeks  and  thereafter  weighed  on  a  regular  weekly  weighing 
day.  In  the  present  discussion  the  weekly  records  are  here 
combined  into  a  period  of  4  weeks,  the  5th  to  8th  weeks  (inclusive) 
of  the  life  of  the  rat.  The  average  nmnber  of  grams  of  body 
weight  gained  per  1,000  calories  of  food  consmned  during  this 
definite  4  week  period  in  the  life  of  the  rat  is  found  to  be  a  ser- 
viceable method  of  comparing  the  efficiencies  of  the  diets  tested 
in  meeting  one  phase  of  nutritive  requirement. 

In  presenting  here  the  net  results  of  this  study  we  shall  give 
only  the  data  which  represent  the  averages  of  all  comparable 
records  available  at  the  time  these  calculations  were  made.  We 
have,  however,  verified  the  conclusions  thus  reached  by  making 
considerable  numbers  of  experiments  in  which  carefully  matched 
parallel  lots  of  young  animals  were  placed  simultaneously  upon 
the  different  diets  and  kept  side  by  side  under  exactly  the  same 
conditions  throughout. 

The  results  of  comparisons  of  general  averages  of  all  our  data 
and  those  obtained  by  comparing  smaller  numbers  of  more  closely 
matched  animals  agree. 

Considering  it  best,  therefore,  to  give  the  net  results  of  all 
our  experience  rather  than  take  space  for  special  comparisons 
of  matched  individuals  or  lots,  it  becomes  necessary  to  present 
averages  for  the  different  diets  in  which  the  ratios  of  the  sexes 
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among  the  experimental  animals  were  not  kept  uniform.  It  is 
well  known  that  the  males  grow  somewhat  faster  than  the  females, 
but  in  our  experience  they  eat  correspondingly  more  so  that  the 
comparisons  of  the  efficiencies  of  the  different  diets,  which  is  the 
problem  with  which  we  are  here  concerned,  may  be  made  by 
observations  either  on  males,  females,  or  mixed  lots  of  varying 
sex  ratios.  This  is  illustrated  by  the  following  comparison  of 
two  mixed  lots  of  widely  different  sex  ratios,  both  fed  upon  Diet  B. 
Lot  1247  consisting  of  one  male  and  six  females  consumed 
34  calories  per  rat  per  day  and  gained  71  gm.  of  body  weight  per 
1,000  calories  consumed;  while  Lot  1261  consisting  of  six  males 
and  one  female  consumed  40  calories  per  rat  per  day  and  gained 
68  gm.  of  body  weight  per  1,000  calories  consumed.  The  agree- 
ment between  the  figures  representing  the  efficiency  of  the  food 

TABLE  I. 
Efficiency  of  Growth  on  Different  Diets. 


Diet. 

Number  of  lots. 

Number  of  rats. 

Average  gam  in  gm. 

per  :,000  calories 

of  food  eaten. 

A 

B 
C 
D 

32 
39 
34 
30 

163 
164 
164 
129 

54  ±  0.6 
73  ±  0.8 
74±  1.1 
76±  1.1 

as  here  considered  (71  and  68,  respectively)  is  as  close  as  could 
be  expected  from  this  number  of  cases,  if  the  sex  ratios  had  been 
the  same  or  if  all  the  experimental  animals  had  been  of  the  same 
sex.  Hence  in  Table  I  we  present  average  data  without  distinc- 
tion as  to  sex.     Table  I  shows  general  average  results  for  Diets 

A,  B,  C,  and  D. 

It  will  be  seen  that  Diet  B  showed  marked  superiority  to  Diet 
A  as  regards  the  efficiency  with  which  the  young  rats  grew 
upon  these  two  diets,  respectively.  The  difference  per  1,000 
calories  consumed  is  here  19  gm.  (±  1.0  gm.),  a  difference  which 
is  certainly  significant. 

Whether  efficiency  of  growth,  as  judged  by  this  criterion,  can 
be  still  further  promoted  by  increasing  the  proportion  of  milk 
beyond  that  of  Diet  B  cannot  be  stated  with  entire  certainty. 
The  average  gain  per  1,000  calories  is  higher  for  Diet  C  than  for 
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Diet  B,  and  higher  for  Diet  D  than  for  Diet  C;  but  the  differences 
in  these  latter  cases  are  only  about  as  large  as  their  probable 
errors. 

Apparently  the  diets  in  which  milk  furnished  from  one-third 
to  two-thirds  of  the  total  soUd  matter  of  the  food  were  for  these 
conditions  about  equally  efficient  in  supporting  rapid  growth, 
and  certainly  they  were  much  more  efficient  than  the  diet  com- 
posed of  the  same  articles  of  food  in  wliich  the  proportion  of  milk 
was  lower. 

SUMMARY. 

The  efficiency  of  growth  as  influenced  by  diet  is  here  studied 
bj'  determining  and  comparing  the  gains  in  weight  per  1,000 
calories  of  food  consimied  during  a  fixed  period  of  rapid  growth 
in  young  rats. 

Four  diets,  composed  of  whole  milk  powder  and  ground  whole 
wheat  in  different  proportions,  were  compared.  Each  diet  was 
tested  from  30  to  39  times  and  upon  from  129  to  164  rats. 

Diet  A  in  which  milk  furnishes  one-sixth  of  the  solids  or  one- 
fifth  of  the  calories  of  the  food  has  been  shown  to  be  adequate; 
but  growth  is  here  shown  to  be  much  more  efficient  when  the 
proportion  of  milk  is  increased  so  that,  as  in  Diets  B,  C,  and  D, 
the  milk  furnishes  from  one-third  to  two-thirds  of  the  solid  matter, 
or  40  to  70  per  cent  of  the  total  calories,  of  the  food  supply. 

The  method  promises  to  be  useful  as  a  further  means  of  study- 
ing and  comparing  the  nutritive  values  of  different  adequate 
dietaries. 


THE    ESTIMATION    OF    LIPOID    PHOSPHORIC    ACID 

("LECITHIN")  IN  BLOOD  BY  APPLICATION  OF  THE 

BELL  AND  DOISY  METHOD  FOR  PHOSPHORUS. 

By  F.  S.  RANDLES  and  ARTHUR  KNUDSON. 
{From  the  Laboratory  of  Biochemistry,  Union  Uinversity  Medical  Depart- 
ment, Albany  Medical  College,  Albany.) 

(Received  for  publication,  April  1,  1922.) 

Because  of  the  comparative  simplicity  of  the  Bell  and  Doisy 
(1)  method  for  the  determination  of  phosphorus,  it  seemed  de- 
sirable to  apply  this  method  tQ  the  determination  of  lipoid  phos- 
phoric acid  ("lecithin")  in  blood.  The  nephelometric  method  of 
Bloor  (2),  while  accurate  and  satisfactory  in  most  respects  has 
the  disadvantage  of  requiring  considerable  time,  as  well  as  very 
careful  technique.  By  adopting  Bloor's  (2)  procedure  for  preparmg 
and  evaporating  the  alcohol-ether  blood  extract  and  the  Bell  and 
Doisy  (1)  method  of  digestion  and  color  development,  it  appeared 
that  a  much  simpler  procedure  would  result. 

A  few  trials  of  the  new  method  on  a  composite  sample  of  alco- 
hol-ether extracts  of  blood  sufficed  to  indicate  not  only  the  time- 
saving  advantage  of  the  procedure  but,  in  addition,  brought  to 
light  several  sources  of  error  in  the  colorimetric  method  which 
do  not  appear  to  have  been  previously  observed  in  detail.  The 
first  difficulty  appeared  in  trj-ing  to  obtain  check  results  on  the 
same  sample  of  blood  extract.  While  the  results  agreed  within 
10  to  15  per  cent,  there  seemed  in  some  cases  to  be  a  poor  match 
between  the  color  of  the  unknown  and  that  of  the  standard. 
This  difficulty  was  thought  to  be  connected  with  an  excess  acidity 
during  the  first  stage  of  color  development  (as  evidenced  by  ex- 
cessive foaming  on  addition  of  the  alkaline  sulfite  solution)^ 
Consequently,  several  experiments  were  made  using  standard 
solutions  containing  the  same  amount  of  phosphate  solution 
but  varying  amounts  of  acid.  As  a  result  it  was  found  that  while 
the  difference  in  acidity  was  not  entirely  responsible  for  the  poor 
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match  it  was  in  all  probability  the  explanation  of  our  inability 
to  obtain  check  results.  Table  I  shows  the  effect  of  varj-ing 
aciditj'  on  the  color  intensity. 

From  Table  I  it  is  apparent  that  the  color  in  Flasks  1  to 
11  decreases  with  additional  quantities  of  sulfuric  acid.  It  is 
of  interest  to  note  that  within  the  range  of  acidity  represented 
in  Flasks  5  to  8  the  effect  upon  the  color  development  is 
not  so  decided  as  is  the  case  outside  of  this  range.  This  fact 
serves  to  indicate  the  advisability  of  using  6  drops  of  acid 
in   the   digestion  rather  than  more  or  less    and,    furthermore, 

TABLE  I. 
Effect  of  Varying  Acidity  on  Depth  of  Color. 


Flask  No. 

HsPOi  present. 

Concentrated 
HjSO). 

Colorimeter 
reading. 

Value  found. 

Error. 

mg. 

drojin 

mm. 

mg. 

per  cent 

1 

0.15 

0 

17.3 

0.173 

+  15.3 

o 

0.15 

1 

18.2 

0.165 

+  10.0 

3 

0.15 

2 

18.6 

0.161 

+  7.3 

4 

0.15 

3 

19.4 

0.154 

+  2.7 

5 

0.15 

4 

19.7 

0.152 

+  1.3 

6 

0.15 

5 

19.9 

0.151 

+  0.7 

7 

0.15 

6 

20.0 

0.150 

0.0 

8 

0.15 

7 

20.3 

0.148 

-  1.3 

9 

0.15 

8 

20.8 

0.144 

-  4.0 

10 

0.15 

9 

21.7 

0.138 

-  S.O 

11 

0.15 

10 

22.2 

0.135 

-10.0 

Color  developed  in  each  case  by  the  addition  of  2  cc.  each  of  molybdic 
acid  solution  and  hydroquinone  solution,  and  after  standing  5  minutes 
followed  by  10  cc.  of  carbonate  sulfite  solution.  All  were  allowed  to  stand 
5  minutes,  made  up  to  25  cc.  volume,  and  compared  with  No.  7. 

shows  the  importance  of  carrying  the  digestion  process  always 
to  as  near  the  same  point  as  possible.  By  thus  keeping  the 
number  of  drops  of  sulfuric  acid  in  the  tube  after  digestion  within 
4  to  6  drops  and  adding  6  drops  to  the  standard  the  error  due  to 
acidity  falls  within  experimental  limits. 

Bell  and  Doisy  (1)  state  that  the  color  of  the  solution  does  not 
fade  at  the  same  rate  in  the  cups  of  the  colorimeter  as  in  the  flask. 
We  studied,  therefore,  the  effect  of  artificial  light  both  during  and 
after  color  development,  and  at  first  were  led  to  believe  that 
strong  light  intensified  the  color.     If  both  cups  of  the  colorim- 


F.  S.  Randies  and  A.  Knudson  55 

eter  were  filled  at  the  same  time  with  the  same  solution  and 
set  at  the  same  height  they  were  found  to  match.     If,  however, 
the  cup  on  the  right  were  removed,  filled  with  a  fresh  solution 
from  the  flask,  replaced  in  the  colorimeter,  and  read  inmediately, 
the  new  sample  was  found  to  appear  decidedly  weaker  in  color. 
Furthermore,  the  new  sample  seemed  to  have  a  slightly  different 
color,  a  greenish  yellow  tinge.     But  after  standing  for  5  minutes 
in  the  colorimeter  the  colors  matched  perfectly  as  regards  both 
quality  and  intensity.     That  this  result,  however,  was  not  due 
to  the  effect  of  light  was  later  shown  by  repeating  the  experiment, 
and  allowing  the  fresh  solution  to  stand  for  5  minutes  in  the  dark 
Iwfore  reading.     It  was  found  to  match  the  other  solution  which 
had  been  exposed  to  the  light.     The  fresh  sample  was  then  poured 
into  a  clean  dry  cup,  poured  back  again,  and  read.     The  readmg 
was  again  about  25  per  cent  high.     The  light  was  turned  off  for 
5  minutes,  readings  were  again  made,  and  once  more  the  colors 
matched.     This  was  repeated  a  number  of  times,  always  with 
the  same  result;  i.e.,  that  pouring  the  solution  from  one  container 
to  another  caused  the  color  to  appear  weak  in  the  colormieter. 
This  difference  in  color  always  disappeared,  however,  m  4  or  5 
minutes.     This  interesting  phenomenon  appears  to  be  due  to 
the  presence  of  bubbles  in  the  solution  which  require  about  5 
minutes  to  "settle."     It  is  especially  noticeable  when  the  solu- 
tion has  contained  considerable  acid  before  neutralizing  and  for 
that  reason  the  bubbles  are  thought  to  be  of  carbon  dioxide  al- 
though no  attempt  has  been   made  to    estal)lish  definitely  this 
point.     The  poor  match  encountered  in  studying  the  effect  of 
acidity,  and  referred  to  above,  was  entirely  due  to  the  presence 
of  these  bubbles  in  the  freshly  poured-out  solutions.     To  remedy 
the  matter  and  avoid  error,  the  standard  should  be  poured  back, 
and  the  cup  refilled  each  time  the  solution  in  the  "unknown" 
cup  is  changed;  or  if  time  permits  5  minutes  may  be  allowed  for 
the  fresh  solution  to  "settle"  in  which  case  it  will  not  be  necessary 
to  disturb  the  standard. 

Myers  and  Shevky  (3)  in  their  recent  paper  state  that  the  Bell 
and  boisy  method  (1)  will  give  accurate  results  when  the  standard 
solution  does  not  contain  more  than  0.25  mg.  of  phosphorus  per 
100  cc.  more  than  the  unknown.  This  conclusion  was  reached 
from   comparing   solutions   that   had   contained   only   the   acid 
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necessary  for  the  color  reaction.  In  using  solutions  that  have  an 
excess  acidity  during  color  development  the  range  of  accuracy 
seems  to  be  still  narrower.  It  has  been  our  experience  that  in 
cases  whore  the  reading  of  the  unknown  is  more  than  25  per  cent 
above  or  below  that  of  the  standard  a  stronger  or  weaker  standard 
should  be  used.  The  required  standard  may  be  prepared  after 
readings  are  started  if  necessarj^  as  the  color  does  not  change  for 
at  least  §  hour. 

Method. 

Reagents. — The  reagents  used  are  those  described  by  Bell  and 
Doisy  (1). 

Procedure. — 5  cc.  of  whole  blood  or  plasma  are  pipetted  slowly 
into  about  75  cc.  of  alcohol-ether  mixture  (consisting  of  3  parts 
of  alcohol  and  1  part  of*  ether,  both  redistilled)  contained  in  a 
100  cc.  volumetric  flask.  The  flask  should  be  shaken  during  the 
addition  to  avoid  the  formation  of  large  clots  of  the  precipitate. 
It  is  then  immersed  in  boihng  water  and  shaken  well  to  avoid 
overheating.  As  soon  as  the  contents  begin  to  boil  the  flask  is 
removed,  the  mixture  cooled  to  room  temperature,  made  up  to 
the  mark  with  the  alcohol-ether  mixture,  and  filtered.  The 
filtrate  may  be  preserved  in  a  well  stoppered  bottle  for  a  con- 
siderable period  without  deterioration. 

For  determination,  10  cc.  of  whole  blood  extract  or  15  cc.  of 
plasma  extract  are  measured  into  a  large  Pyrex  digestion  tube 
(25  X  200  mm.),  calibrated  at  25  cc.  and  containing  three  glass 
beads.  The  extract  is  then  evaporated  to  dryness  in  a  boiling 
water  bath.  Unless  the  water  bath  is  cold  before  immersing  the 
tubes  care  must  be  taken  to  shake  the  tubes  gently  until  boiling 
begms,  to  prevent  the  extract  from  boiling  over.  To  the  dry 
residue  in  the  tube  6  drops  of  concentrated  sulfuric  acid  and  1 
cc.  of  concentrated  nitric  acid  are  added.  Both  acids  must, 
of  course,  be  free  from  phosphorus.  The  mixture  is  then  digested 
with  a  micro  burner,  at  first  over  a  low  flame,  then  over  a  higher 
flame  until  the  nitric  acid  is  driven  off  and  the  remaining  sulfuric 
acid  is  perfectly  clear.  This  digestion  usually  requires  about 
10  minutes.  After  cooling  for  1  or  2  minutes  the  sides  of  the 
tube  are  washed  with  about  5  cc.  of  distilled  water  and  2  cc.  each 
of  the  molybdic  acid  solution  and  the  hydroquinone  solution 
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are  added.  After  mixing  and  allowing  to  stand  for  5  minutes  10 
CO.  of  the  alkaline  sulfite  solution  are  added  and  the  whole  is 
well  mixed.  After  5  minutes  it  is  made  up  to  the  25  cc.  mark  with 
distilled  water  and  compared  in  the  colorimeter  with  a  standard 
made  up  as  follows:  5  cc.  of  the  standard  monopotassium  phos- 
phate (containing  0.03  mg.  of  phosphoric  acid  per  cc.)  are  added 
to  a  25  cc.  volumetric  flask  or  tube  graduated  at  25  cc,  containing 
6  drops  of  concentrated  sulfuric  acid.  The  color  is  developed 
in  the  same  manner  as  descril^ed  for  the  unknown.  In  making 
readings  with  the  colorimeter  it  is  necessarj^  to  empty  the  standard 
cup  into  the  flask  and  refill  it  each  tune  the  solution  in  the  other 
cup  is  changed.  Otherwise,  the  solution  in  the  unknown  cup  must 
be  allowed  to  stand  for  5  minutes  after  being  poured  out  before 
a  reading  is  made. 

If  the  standard  is  set  at  20  mm.  the  calculation  will  be  made 
according  to  the  following  formula: 

S  X  ^  X  ^  X  100  =  mg.  H,PO,  per  100  cc.  blood 

where  S  equals  mg.  of  H3PO4  in  amount  of  standard  used,  R 
equals  reading  of  unknown,  and  X  equals  cc.  of  extract  used. 

Notes  on  the  Method.— It  was  found  that  in  order  to  get  the  best 
results  the  method  of  procedure  should  be  standardized  even  to 
the  smallest  details.  In  the  digestion,  for  example,  it  is  advisable 
always  to  use  the  same  nimiber  of  glass  beads  and  to  carry  the 
digestion  to  as  near  the  same  point  as  possible.  For  this  purpose 
a  tube  of  the  same  size  as  used  in  the  digestion  and  containing  the 
same  number  of  beads  and  6  drops  of  concentrated  sulfuric  acid 
may  be  set  up  beside  the  digestion  tubes  for  comparison.  This 
tube  if  calibrated  at  25  cc.  may  be  used  for  the  development  of 
the  standard.  » 

If  a  blood  containing  a  normal  amount  of  "lecithin"  is  being 
analyzed  the  standard  may  be  made  from  5  cc.  of  the  standard 
phosphate  solution  described  above.  This  should  contain  0.15 
mg.  of  phosphoric  acid  and  would,  therefore,  cover  the  range 
25  to  40  mg.  of  phosphoric  acid  per  100  cc.  of  blood.  A  weaker 
or  stronger  standard  may  be  prepared  very  easily,  however,  if 
the  unknown  is  found  not  to  fall  within  the  range  of  the  prepared 
standard. 
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RESULTS    AND    DISCUSSION. 

For  the  purpose  of  checking  the  accuracy  of  the  method  a 
number  of  determinations  were  made  using  both  the  new  colori- 
metric  method  and  the  Bloor  nephelometric  metliod  on  the  same 
samples  of  human,  dog,  and  rabbit  blood.  The  results  were 
found  to  agree  within  5  per  cent  as  shown  in  Table  II. 

The  advantages  of  this  method  as  applied  to  the  determination 
of  "lecithin"  may  be  briefly  summarized.  The  chief  advantage 
is  the  tune  saved.  In  making  a  large  number  of  determinations 
it  is  convenient  to  run  about  four  digestions  at  a  tinre.     If  this  is 

TABLE  II. 
Lipoid  Phosphoric  Acid  per  100  Cc. 


Specimen, 


Human  bloud 

"  "     plasma 

Rabbit  blood 

"  "     plasma 

Dog  blood 

"       "         plasma 

U  it  t( 

Composite  sample  of  human,  dog,  and  rabbit 
blood  and  plasma 


^°nSod'"      Bloor  method. 


39.25 

40.0 

25.75 

78.0 

55.6 

61.6 

48.3 

54.0 

37.7 

49.3 


mg. 

40.5 

39.0 

26.37 

82.0 

55.0 

64.8 

49.0 

53.5 

35.5 

49.06 


done  another  series  of  four  maj'  be  evaporating  to  dryness  while 
the  determination  is  being  carried  out  on  the  first  four.  In  this 
way  determinations  may  be  made  at  the  rate  of  at  least  one  every 
10  minutes  since'40  minutes  is  ample  time  for  the  digestion,  color 
development,  and  reading  of  a  series  of  four  samples.  The  di- 
gestion time  is  cut  to  10  minutes  as  compared  with  about  25  to 
30  minutes  in  the  Bloor  method.  The  titration  step  in  the  latter 
method  is  eliminated.  Furthermore,  the  use  of  calibrated  tubes 
for  the  digestion  makes  it  possible  to  carry  out  the  whole  operation 
in  the  same  tube,  and  save  the  time  consumed  in  transferring 
solutions  from  tubes  to  flasks  with  possible  danger  of  loss  and 
contamination. 
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SUMMARY. 

1.  Varying  the  acidity  during  color  development  is  found  to 
have  a  marked  effect. 

2.  The  color  is  not  affected  by  intense  light  but  appears  to  be 
sensitive  to  mechanical  agitation. 

3.  A  procedure  is  described  for  applying  the  Bell  and  Doisy 
method  to  the  estimation  of  lipoid  phosphoric  acid  in  blood. 
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BUFFER  SYSTEMS  OF  BLOOD  SERUM. 

By  EDWARD  A.  DOISY,  EMILY  P.  EATON,  and  K.  S.  CHOUKE. 

{Frovi  the   Laboratories   of  Biological  Chemistry,   Washington   University 
School  of  Medicine,  St.  Louis.) 

(Received  for  publication,  May  2,  1922.) 

Loaned  and  SelJ -Possessed  Serum  Buffers. 

In  a  previous  paper  (Doisy  and  Eaton,  1921),  we  have  shown 
that  the  loss  of  hydrochloric  acid  from  blood  senun,  by  its  migra- 
tion into  the  cells,  approximately  accounts  for  the  increase  in  the 
binding  power  of  the  serum  for  carbon  dioxide  when  blood  is 
exposed  to  increased  tensions  of  that  gas  (Reaction  1).^  We 
considered  that  other  acid  radicals  probably  shift  in  a  similar 
manner,  but  were  unable  to  obtain  any  evidence  of  the  passage 
of  base  across  the  cell  membrane.  Our  work  was  incomplete  in 
that  we  measured  only  the  buffers  loaned  to  the  serum  by  the 
cells,  and  did  not  attempt  to  measure  the  "self-possessed"  buffer 
value  of  the  serum.  Of  the  two  types  of  reaction  (Van  Slyke, 
1921), 

(1)  BA  +  H.COa-^BHCOs  +  (HA)-^cells. 

(2)  B  protein  +  H2CO3— ^BHCOs  +  H  protein. 

our  earlier  experiments  furnished  data  only  for  the  first.  In  order 
to  evaluate  the  relative  importance  of  each  of  these  buffer  reac- 
tions, we  have  extended  our  work  by  a  further  study  of  the  blood 
of  four  dogs  and  of  two  men. 

As  was  pointed  out  in  our  previous  paper,  the  corpuscles  of 
blood  occupy  a  larger  volume  as  the  tension  of  carbon  dioxide 
in  the  gas  with  which  they  are  in  equilibrium  is  increased. 
Although  this  phenomenon  was  noted  some  tune  ago  (von  Lim- 
beck, 1894-95),  and  its  importance  emphasized  in  our  former  paper, 
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it  has  not  been  considered  in  other  recent  investigations.^  For 
this  reason  it  seemed  proljable  to  us  that  other  estimates  (Van 
Slyke  and  CuUen,  1917;  Fridericia,  1920)  of  the  extent  of  the 
migration  of  hydrochloric  acid  into  the  cells  were  too  low.  The 
use  of  anticoagulants  is  still  another  reason  for  thinking  that  the 
values  previously  reported  for  chloride  shift  were  too  low.  Our 
work  has  made  it  seem  probable  that  all  of  the  potential  acids  of 
the  serum  take  part  in  the  migration,  and  that  thej'  enter  into  this 
reaction  to  a  degree  which  is  dependent  upon  their  concentration 
and  possibly  upon  their  relative  acid  dissociation  constants. 
Samples  of  oxalated  blood  generally  show  that  less  than  50  per 
cent  of  the  increase  of  bicarbonate  of  serum  (on  treatment  of 
oxalated  whole  blood  with  increasing  tensions  of  CO2)  is  due  to  a 
loss  of  chloride,  whereas  our  results  on  defibrinated  blood  showed 
the  chloride  shift  to  account  much  more  closely  for  the  gain  in 
bicarbonate.  It  therefore  seems  fair  to  suppose  that  a  shift  of 
oxalic  acid  explains  the  difference  in  behavior,  and  if  this  is  true  it 
becomes  important  to  avoid  all  such  additions  to  blood  in  such 
studies  of  acid-base  equilibria. 

In  the  experiments  here  reported  we  have  attempted  to  analyze 
the  sources  of  alkali  b}"  which  the  blood  combines  with  increasing 
amounts  of  COo  and  to  estimate  the  quantitative  contribution  of 
each.  Within  a  given  range  of  pH,  how  much  of  the  base  for  the 
increase  in  serum  bicarbonate  is  made  available  by  the  migration 
of  acids  into  the  cells  (reaction  of  T5'pe  1,  above)?  Is  the  migra- 
tion of  HCl  alone  sufficient  to  account  for  this  quota,  or  do  the 
acids  of  other  salts  also  migrate?  How  much  base  is  furnished 
from  the  self-possessed,  non-migrating  buffers  of  the  serum,  and 
to  what  relative  extents  do  the  serum  proteins  and  the  serum 
phosphates  participate? 

The  plan  of  our  experiments  was  to  determine  the  gain  in  serum 
bicarbonate  on  equilibrating  fully  oxygenated,  defibrinated  blood 

'  L.  J.  Henderson  has  discussed  this  point  rather  briefly  in  some  of  his 
recent  papers  (McLean,  F.  C,  Murray,  H.  A.,  Jr.,  and  Henderson,  L.  J., 
Proc.  Soc.  Exp.  Biol,  and  Med.,  1919-20.  xvii,  181;  Henderson  L.  J.,  /. 
Biol.  Chem.,  1920,  xli,  427),  but  apparently  has  not  attempted  to  make  the 
corrections  for  change  in  corpuscle  volume  as  described  in  this  paper.  The 
mechanical  models  of  Henderson  and  Spiro  (Spire,  K.,  and  Henderson, 
L.  J.,  Biochem.  Z.,  1909,  xv,  114)  are  very  illuminating. 
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with  20,  40,  and  60  mm.  tension  of  CO2.  By  determining  also  the 
gain  in  bicarbonate  of  separated  sera  similarly  equilibrated  with 
increasing  tensions  of  CO2,  there  is  obtained  the  effect  of  the  self- 
possessed  serum  buffers  (Type  2).  As  indicated  by  Van  Slyke  in 
his  treatment  of  the  data  on  Joffe's  blood,  the  difference  between 
the  two  sets  of  values  (for  true  serum  and  separated  serum) 
represents  the  buffer  action  of  Type  1,  which  is  due  to  the  pres- 
ence of  the  corpuscles.  The  determination  of  chlorides  in  the  true 
sera  shows  the  amount  of  base  liberated  from  NaCl  by  the  migra- 
tion of  HCl.  Since  the  earlier  experiments  gave  no  evidence  of 
migration  of  base,  by  a  comparison  of  the  molar  gain  of  bicarbon- 
ate due  to  "loaned  iDuffer"  with  the  molar  loss  of  chloride  in  true 
sera,  we  attempt  to  determine  the  extent  to  which  other  acids 
migrate  and  thus  contribute  to  the  loaned  buffer  action.  For 
one  blood  we  determined  also  the  hemoglobin  and  inorganic 
phosphates  of  the  cells,  which  data  allow  the  calculation  of  the 
relative  amount  of  base  furnished  by  each  to  the  migrating  acids. 

The  sera  were  also  analyzed  for  inorganic  phosphates  and  from 
this  one  may  calculate  the  relative  amount  of  base  furnished  by 
phosphate  and  protein  buffers,  the  self-possessed  buffers  of  the 
serum. 

EXPERIMENTAL    PROCEDURE. 

The  dog's  blood  for  our  experiments  was  drawn  from  the  femoral 
artery  while  blood  from  the  arm  vein  was  used  in  the  case  of  the 
two  men.  In  each  experiment  it  was  defibrinated  by  stirring  or 
shaking  with  beads.  The  fibrin  was  removed  by  filtering  through 
gauze.  Approximately  one-half  of  the  blood  drawn  was^ divided 
into  three  samples  and  equilibrated  for  25  minutes  at  38°C.  with 
previously  prepared  gas  mixtures  containing  about  20,  40,  and 
60  mm.  of  carbon  dioxide.  The  other  half  was  centrifuged  to 
obtain  "separated"  serum,  separate  portions  of  which  were  simi- 
larly equilibrated  with  gas  mixtures  of  the  same  composition  as 
used  with  whole  blood. 

After  equilibration  of  the  whole  blood,  the  samples  were  trans- 
ferred to  ordinary  centrifuge  and  hematocrit  tubes  containing 
paraffin  oil.  The  transfer  was  accomplished  without  contact 
with  any  other  gas.  On  the  completion  of  centrifugation  the 
corpuscle  volume  was  determined,  and  from  the  larger  tubes  serum 
was  obtained  for  the  chloride  and  carbon  dioxide  analyses.     All 
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possilile  precautions  were  taken  to  avoid  or  minimize  loss  of  CO2 
from  samples  of  blood  and  serum  from  the  completion  of  equili- 
bration to  the  transfer  to  the  apparatus  for  CO2  determination. 
After  equilibration  of  the  "separated"  serum,  the  samples  were 
transferred  under  oil  to  tubes  suitable  for  withdrawing  1  cc. 
portions  for  carbon  dioxide  analj^ses. 

Carbon  dioxide  analyses  were  carried  out  by  transferring  1 
cc.  of  scrum  directly  from  the  tubes  to  the  cup  of  the  Van  Slyke 
macro  apparatus  (1917).  The  calculations  were  made  according 
to  the  details  suggested  by  Van  Slyke  and  Stadie  (1921).  Chlo- 
ride determinations  were  made  on  picric  acid  filtrates  using  the 
volimietric  principles  of  the  McLean-Van  Slyke  (1915)  titration. 
In  our  hands  the  end-point  appeared  a  bit  sharper  when  the  buffer 
and  starch  were  used  in  separate  solutions.  In  this  case  the  starch 
solution  was  prepared  fresh  everj^  few  days.  We  also  found  that 
picric  acid  filtrates  gave  a  sharper  end-point  under  any  conditions 
than  the  trichloroacetic  acid  filtrates  used  in  our  previous  work. 

After  equilibration  was  completed,  the  gas  mixtures  in  our 
saturators  were  analyzed  with  a  Haldane  burette.  Phosphate 
analyses  were  made  bj^  the  colorimetric  method  described  by 
Bell  and  Doisy  (1920). 

Cffirection  for  Change  in  Corpuscle  Volume. 

The  increase  of  corpuscular  volume  at  the  expense  of  water  from 
the  serum,  which  results  from  absorption  of  CO2  causes  an  increase 
in  the  concentration  of  all  substances  in  serum  and  the  amount 
of  this  increase  must  be  deducted  before  calculating  loss  of  chloride 
and  gain  of  bicarbonate  caused  by  increasing  CO-j  tension. 

In  order  that  we  might  plot  our  values  of  chloride  and  bicar- 
bonate and  thereby  secui-e  the  advantages  of  the  graphic  method, 
we  have  modified  the  method  of  correction  for  change  in  the  vol- 
ume of  the  corpuscles.  In  our  first  paper,  the  correction  was  ap- 
plied by  calculating  the  concentration  of  chloride  and  bicarbonate 
that  would  exist  due  to  the  change  in  volmne  of  corpuscles  if  no 
migration  of  ions  had  occurred.  For  example,  in  Experiment  1, 
we  have  the  data  given  in  Table  I. 

As  corrected  formerlj',  the  values  were  obtained  in  the  following 
way: 

^-|^  X  0.112L'  =  0.1134  M  NaCl      ??^  X  0.0101  =  0.0166 11  NaHCOj 

00. D  OO.U 
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This  method  is  undesirable  in  that  it  leaves  different  basic  values 
with  which  to  compare  each  value  obtained  at  higher  tensions  of 
CO2,  and  such  results  for  three  tensions  cannot  be  plotted  on  the 
same  curve.  It  is  preferal^le  to  correct  all  deserved  concentra- 
tions to  one  basic  volume  taking  for  this  purpose  the  volume  of  the 
serum  at  the  lowest  carbon  dioxide  tension.  The  values  for  bicar- 
bonate and  chloride  at  the  higher  CO2  tensions  are  merelj'  multi- 
plied by  the  necessary  factor  to  give  the  respective  concentrations 
that  would  exist  in  the  serum  had  its  volume  not  changed  due  to 
the  taking  up  of  water  by  the  corpuscles. 


TABLE  I. 
Experiment  1 

CO2,  7nm 

Serum,  per  cent  of  total  blood  volume .  .  .  . 

NaHCOs,  molar  concentration 

NaCl,  molar  concentration 


17.6 

39.3 

56.2 

55.6 

0.0164 

0.0219 

0.1122 

0.1097 

61.6 
55.0 

0  0257 
0.1085 


TABLE  n. 

Correction  for  Change  of  Corpuscle  Volume. 


Former  method. 

New  method. 

17  6to39.3 

17.6  to  61  6 

17.6to39.3 

17.6  to  61.6 

NaCl-loss,  mols 

NaHCOs-gain,  mols. .  . 

Percentage   to  loss   of 

chloride 

0.0037 

0.0053 
70 

0.0062 
0.0090 

69 

0.0036 
0.0053 

68 

0.0060 
0.O0S8 

68 

From  the  data  just  given,  the  correction  by  this  method  is: 


55.6 
56.2 


X  0.1097  =  0.1086  M  NaCl 


^  X  0.0219  =  0.0217  M  NaHCO, 
60.2 


The  values  for  the  highest  tension  of  CO2  are  calculated  in  the  same 

55.0 
way  using  in  this  case  the  factor  rr-r  and  the  concentrations  found 

5d.-4 

by  analysis.     As  shown  by  comparison  in  Table  II,  the  numerical 

values  obtained  bj^  the  two  methods  are  substantially  the  same. 

The  new  procedure  has  the  advantage  that  the  results  may  be 

plotted  on  a  single  graph. 
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RESULTS. 

The  experimental  data  from  the  different  samples  of  blood  are 
Siven  in  detail  in  the  protocols.  The  values  for  serum  bicarbonate 
and  chloride  are  corrected  for  change  in  serum  volume  as  above 
described,  and  arc  brought  together  in  Table  III.     In  order  to 

TABLE  in 
Loaned  Buffer;  Loss  of  Chloride  and  Gain  of  Bicarbonale. 


CO2 

pH 

NaHCOs 

Difference 
in  NaHCOj. 

NaCl 

Difference 
in  NaCl. 

mm. 

mols 

moh 

mols 

mols 

Dog  1. 

17.6 
39.3 
61.6 

7.57 
7.34 
7.22 

0.0164 
0.0217 
0.0252 

0.0053 
0.0088 

0.1122 
0.1086 
0.1062 

0.0036 
0.0060 

Dog  2. 

18.5 
42.5 
66.0 

7.51 
7.30 
7.18 

0.0152 
0.0212 
0.0244 

0.0060 
0.0092 

0.1122 
0.1079 
0.1042 

0.0043 
0.0080 

Dog  3. 

18.5 
37.3 
74.8 

7.53 
7.34 
7.12 

0.0159 
0.0204 
0.0243 

0.0045 
0.0084 

0.1110 
0.1076 
0.1042 

0.0034 
0.0068 

Dog  4. 

20.0 
44.3 
76.0 

7.50 
7.27 
7.11 

0.0159 
0.0207 
0.0237 

0.0048 
0.0078 

0.1182 
0.1142 
0.1091 

0.0040 
0.0091 

Man  1. 

23.3 
43.0 
72.5 

7.47 
7.33 
7.17 

0.0175 
0.0230 
0.0267 

0.0055 
0.0092 

0.1110 
0.1071 
0.1043 

0.0039 
0.0067 

Man  2. 

16.7 
35.2 
63.8 

7.65 
7.44 
7.27 

0.0189 
0.0241 
0.0290 

0.0052 
0.0101 

0.1103 
0.1065 
0.1020 

0.0038 
0.0083 

*  Bicarbonate  and  chloride  values  have  been  corrected  for  change  in 
corpuscular  volume. 

compare  the  relative  participation  of  the  various  buffer  factors, 
it  is  necessary  to  choose  an  arbitrary  pH  range,  and  to  calculate 
the  eifect  of  each  factor  within  this  range.  Without  change  in 
hydrogen  ion  concentration,  the  effect  of  the  self-possessed  serum 
buffers  is,  of  course,  zero,  the  buffer  action  being  limited  to  that 
depending  upon  migration  of  acid  to  and  from  the  cells.  We  have 
chosen  the  range  of  pH  7.4.5  to  7.25  as  the  basis  of  our  calculations, 
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and  in  doing  so  it  may  be  noted  that  we  undoubtedly  exaggerate 
the  relative  participation  of  the  self-possessed  buffers,  which  as 
pointed  out  by  Van  Slylve  (1921)  play  less  and  less  of  a  role  under 
physiological  conditions  the  smaller  the  difference  in  pH  between 
ai'terial  and  venous  blood.  This  range  was  chosen  to  encompass 
the  varying  values  which  appear  to  occur  naturally,  if  not  physio- 
logically, and  especially  in  order  to  minimize  the  errors  in  the  de- 
terminations. 

Since  some  of  our  expeiimcntal  data  commonl3-  fall  without  this 
pH  range,  it  is  necessary  to  plot  them  in  the  form  of  curves  and 
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Fig.  1.  Data  are  taken  from  Experiment  1  which  was  conducted  on  dog's 
blood.  Chloride  and  bicarbonate  values  of  true  sera  corrected  for  the 
change  in  volume  of  the  corpuscles  are  plotted  against  pH. 

obtain  the  desired  values  by  interpolation.  The  most  convenient 
method  of  treatment  is  to  plot  the  molar  concentrations  of  bi- 
carbonate and  of  chloride  of  the  true  sera  (corrected  for  change  in 
serum  volume)  and  the  molar  concentrations  of  bicarbonate 
of  the  separated  serum  against  the  pH  which  is  calculated  from  the 
ratio  of  free  and  combined  CO2.  The  corrected  data,  given  in 
Table  III  are  plotted-  in  this  way  in  Figs.  1,  2,  and  3.     From  the 

2  Only  three  of  the  six  charts  are  presented.  The  concavity  to  the 
abscissae  is  greatest  in  Fig.  2,  while  the  convexity  is  greatest  in  Fig.  3,  .'^ll 
the  curves  of  the  other  experiments  occupy  intermediate  positions.  It 
should  be  noted  that  if  the  true  serum  bicarbonate  curve  is  convex  to  the 
abscisste,  the  chloride  curve  varies  from  a  straight  line  in  the  same  direction. 
Generally  this  has  been  true  in  all  our  experiments.  At  present,  we  do 
not  understand  the  significance  of  these  variations. 
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cvirves  in  these  figures,  we  read  off  the  changes  in  concentration 
corresponding  to  the  change  in  pH  from  7.45  to  7.25  and  these 
values  are  given  in  Table  IV.     Taking  the  data  from  Experiment 
1  as  an  example,  it  wUl  be  seen  (Table  III)  that  on  passing  from  a 
pH  of  7.45  to  7.25,  the  true  serum  gained  0.0054  mols  of  bicarbon- 
ate, of  wliich  only  0.0006  mols  or  11  per  cent  is  due  to  the  buffers 
of  the  separated  serum  (the  self-possessed  buffers),  the  remaining 
0.0048  mols  or  89  per  cent  being  due  to  the  presence  of  corpuscles 
(the  loaned  buffers).     Of  the  latter,  the  disappearance  of  NaCl 
(by  migration  of  HCl  into  the  cells),  0.0036  mols,  accounts  for 
three-fourths,  or  for  67  per  cent  of  the  total  gain.     The  remaining 
22  per  cent  of  the  total  gain  (0.0012  mols)  which  is  not  accounted 
for  in  this  experiment  is  perhaps  due  to  the  migration  of  other 
acids  from  scrum  salts  into  the  cells.     All  of  the  other  experhnents 
show  somewhat  smaller  fractions  to  be  unaccounted  for  (from 
+  0.0005  to  -  0.0006  molar) .     The  difficulty  in  the  accurate  meas- 
urement of  small  differences  between  much  larger  quantities  is 
such  that  the  variations  between  extremes  is  no  greater  than 
might  be  expected.     The  effect  of  small  errors  in  individual  values 
is  considerable,  as  may  be  illustrated  by  the  following  calculations 
on  the  serum  of  Dog  1,  Experiment  1. 

Assuming  that  the  basic  value  0.1122  m  NaCl  is  correct,  let  us 
see  what  effect  an  error  of  -0.0005  m  or  0.5  per  cent  produces  in 
our  estimation  of  the  loaned  buffer  value.     The  corrected  value 

55.6 
at  39.3  mm.  of  CO.  (0.1097  -  0.0005  =  0.1092.     0.1092   X  ^ 

=  0.1080)  becomes  0.1080  instead  of  0.1086  and  the  loss  of  chlo- 
ride is  now  0.0042  instead  of  0.0036.  This  accounts  for 
/0.0042xl00^\  „g  ,  ^^^^^  ^^^  ^j^g  ^^^.j^j  g^jj^  of  laicarbonatc  in- 
V    0.0053  / 

stead  of  the  68  per  cent  actually  found.  Viewed  m  another  way,  an 
error  of  0.5  per  cent  in  the  determination  of  one  value  produces  a 
difference  of  about  12  per  cent  in  the  result.  It  is  thus  apparent 
that  too  much  must  not  be  expected  from  individual  determina- 
tions. We,  therefore,  deem  it  more  desirable  to  consider  only  the 
mean  values.  According  to  the  average  of  all  of  our  data,  the 
buffer  value  of  serum  in  the  pH  range  of  7.45  to  7.25  is  loaned  to 
it  to  the  extent  of  80+  per  cent  by  a  migration  of  hydrochloric 
acid  into  the  corpuscles;  while  the  effect  of  the  non-migrating  self- 
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possessed  buffers  amounts  to  16  per  cent.  This  leaves  3  per  cent 
unaccounted  for  and  this  is  probably  due  to  a  migration  of  acids 
other  than  hydrochloric.  The  evidence  presented  by  de  Boer 
(1917)  on  the  migration  of  SO4  ,  our  results  concerning  phos- 
phates, the  behavior  of  oxalated  blood  already  referred  to,  and 
particularly  the  fact  that  a  large  migration  of  HoCO,,  into  the 
corpuscles  takes  place,  would  seem  to  indicate  that  such  a  con- 
clusion is  justified. 

We  can  feel  fairly  certain  that  we  know  the  nature  of  all  of  the 
buffer  reactions  of  the  serum  when  the  state  of  oxidation  of  the 
hemoglobin  remains  unchanged.  In  a  recent  paper,  L.  J.  Hen- 
derson and  coworkers  (1919-20)  state  that  when  the  oxygenated 

TABLE  v. 
Alkali  Furnished  by  Phosphate  Buffer  System. 


Experiment. 

Total  gain  of 

NaHCOs  in 

separated  sera. 

pH  7.45  to  7.25. 

Total 

inorganic  P 

of  sera. 

Base  yielded 
by  Na2HP04 

pH  7.45  to  7.25. 

Percentage  of  total  alkali 
supplied  by  NasHPO*. 

Separated 
sera. 

True  sera. 

Dog  1. 
"     2. 
"     3. 

"     4. 

Man  1. 

"     2. 

molar 

0.0006 
0.000.5 
0  0007 
OOOOS 
0  0012 
0.0013 

molar 

0.00129 
0.00174 
0.00084 
0  00119 
0.O0OS7 
0.0010 

tnolar 

0.0001 

0.00014 

0.00007 

0.0001 

0.00007 

0.00008 

per  cent 

17 
28 
10 

12 
6 
6 

per  cent 

1.9 

2.5 
1.7 
2.4 
1.1 
14 

Mean , 

13 

1.8 

blood  is  reduced  isohydrically  about  60  per  cent  of  the  increased 
capacity  of  serum  to  bind  CO2,  is  due  to  a  migration  of  chloride. 
Although  this  might  seem  to  indicate  some  other  loaned  buffer 
mechanism,  we  shall  attempt  to  show  in  a  later  paper  that  at 
least  90  per  cent  of  the  increased  capacity  is  actually  due  to  a 
shift  of  HCl.  The  lower  estimate  is  due  to  neglecting  the  change 
in  concentrations  produced  bj-  the  swelling  of  the  corpuscles. 

By  means  of  our  inorganic  phosphate  determinations  we  may 
calculate  the  participation  of  the  serum  phosphate  in  the  self- 
possessed   buffer  action.      By  using  the    Hasselbalch    equation, 


pH  =  pKi  +  log 


[Na.HPO.] 
[NaH.PO.l 
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we  can  solve  for  the  ratio  of  disodiuni  to  dihydrogen  phosphate  at 
pH  7.45  and  7.25  and  from  our  data  on  serum  inorganic  phosphate 
calculate  how  much  of  the  separated  serum  buffer  value  is  due  to 
the  phosphate  system.  The  fraction  which  this  represents  of 
the  total  base  supplied  by  aU  buffers  of  separated  serum  shows 
the  relative  participation  of  the  phosphates. 

The  data  on  this  point  are  given  in  Table  V.  According  to 
these  calculations  from  6  to  28  per  cent  of  the  self-possessed  buffer 
action  may  be  due  to  the  phosphates;  the  remainder  being  due  to 
salts  of  proteins  and  amino-  and  other  organic  acids.  The  serum 
phosphates  appear  to  supply  only  from  1  to  3  per  cent  of  the  base 
contrilDuted  by  the  total  serum  buffers.       • 

SUMMARY. 

A  series  of  experiments  on  samples  of  blood  of  four  dogs  and  two 
men  show  that  between  the  pH  range  af  7.45  and  7.25,  the  base 
furnished  for  the  increase  of  bicarbonate  in  serum  comes  from  the 
sources  indicated  (mean  results) : 

(a)  "Self-possessed",  non-migrating  sermn  buffers:  16  per  cent. 
Of  this,  phosphates  supply  1  to  3  per  cent. 

(b)  "Loaned"  buffer,  due  to  presence  of  corpuscles:  84  per  cent. 
Of  this,  migration  of  HCl  into  corpuscles  liberates  80  per  cent. 
The  remaining  3  per  cent  is  probably  liberated  from  the  salts  of 
other  acids,  by  migration  of  the  latter  into  the  corpuscles. 

Protocols. 

The  blood  was  defibrinated  by  one  of  the  usual  procedures.  Each  gas- 
equilibrating  mixture  consisted  of  air  plus  CO2  (except  Experiment  6). 
With  the  exception  of  Experiment  4,  no  hemolysis  occurred,  and  m  this 
case  it  was  very  faint. 

Exyeriment  1 — Dog  1.  


CO2,  mm 

Total  CO2,  vols,  -per  cent 

Dissolved  COj,  vols,  per  cent 
BHCO3,  vols,  per  cent 

pH 

NaCl,  7nols 

Serum,  per  cent 

Inorganic  P,  mg 


True  serum. 


17.6 
37.9 

1.25 
36.6 

7.57 

0.1122 
56.2 


39.3 
51.9 

2.80 
■19.1 

7.34 

0.1097 
55.6 


61.6 
62.0 

4.38 
57.6 

7.22 

0.1085 
55.0 


Separated  serum. 


18.8 
44.5 

1.34 
43. 

7.61 


4.0 


41.8 
47.9 

2.98 
44.9 

7.28 


62.4 
51.6 

4.44 
47.2 

7.13 


Doisy,  Eaton,  and  Chouke 


73 


Experiment  2 — Dog  2. 


CO2,  mm 

Total  CO2,  I'oh.  per  cent 

Dissolved  CO2,  vols,  per  cent 

BHCO3,  vols,  per  cent 

pH -.. 

NaCl,  mots 

Serum,  per  cent 

Inorganic  P,  mg 


True  serum. 


18.5 
35.4 

1.32 
34.1 

7.51 

0.1122 
48.2 


42.5 
51.4 
3.03 

48.4 
7.30 


66.0 
61.1 

4.70 
56.4 

7.18 


0.1099   0.107i 
47.3       46.6 


Separated  serum. 


19.7 
37.7 

1.40 
36.3 

7.51 


39.8 
40.8 

2.83 
38.0 

7.23 


65.0 

44.8 
4.63 

40.2 
7.04 


Experiment  3 — Dog  3. 


CO2,  mm 

Total  CO2,  vols,  per  cent 

Dissolved  CO2,  vols,  per  cent . 

BHCO3,  vols,  per  cent 

pH 

NaCl,  mols 

Serum,  per  cent 

Inorganic  P,  mg 


True  serum. 


18.5 
37.0 

1.32 
35.7 

7.53 

0.1110 
56.2 


37.3 

48.8 

2.66 
46.1 

7.34 

0.1088 
55.6 


74.8 
61.3 

5.32 
56.0 

7.12 

0.1073 
54.6 


Separated  serum. 


18.0 
35.0 

1.28 
33.7 

7.52 


2.6 


41.2 
39.5 

2,93 
36.6 

7.20 


71.6 
43.1 

5.10 
38.0 

6.97 


Experiment  4 — Dog  4. 


CO2,  mm 

Total  CO2,  vols,  per  cent 

Dissolved  CO2,  vols,  per  cent. 

BHCO3,  vols,  per  cent 

pH 

NaCl,  7nols 

Serum,  per  cent 

Inorganic  P,  mg 


True  serum. 


20.0 


1 

42 
7 

50 
1182 

7 


44.3 
50.3 
3.15 
47.1 

7.27 
0.1161 
55.8 


76.0 
61.0 

5.41 
55.6 

7.11 

0.1140 
54.3* 


Separated  serum. 


16.1 
50.5 

1.15 
49.3 

7.73 


3.7 


41.6 
54.2 

2.96 
51.2 

7.34 


67.6 
58.6 

4.81 
53.8 

7.15 


*  Probably  erroneous;  change  larger  than  expected. 
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Experiment  6 — Man  1. 


CO2  ,   min 

Total  COa,  vols,  per  cent 

Dissolved  CO2,  vols,  per  cent 

BHCO3,  vols,  per  cent 

pH 

NaCl,  mols 

Serum,  per  cent 

Inorganic  P,  mg 


True  serum. 


23.3 
40.9 

1.66 
39.2 

7.47 

0.1110 
54.1 


43.0 
55.4 

3.06 
52.3 

7.33 

0.1087 
53.3 


2.5 
66.4 

5.16 
61.2 

7.17 

0.1065 
53.0 


Separated  serum. 


18.1 
52.6 

1.29 
51.3 

7.70 


41.2 

58.7 
2.93 

55.8 
7.38 


71.2 
63.5' 
5.07 

58.4 
7.16 


Experiment  6 — Man  2. 


COj,  mm 

Total  COs,  vols,  per  cent 

Dissolved  CO2,  vols,  per  cent . 

BHCO3,  vols,  per  cent 

pH 

NaCl,  mols 

Serum,  per  cent 

Inorganic  P,  mg 


True  serum 

• 

Separated  ser 

16.7 

35.2 

63.8 

15.6 

44.7 

43.5 

57.1 

71.3 

55.3 

61.0 

1.19 

2.50 

4.54 

1.11 

3.18 

42.3 

54.6 

66.8 

54.2 

57.8 

7.65 

7.44 

7.27 

7.79 

7.36 

0.1103 

0.1076 

0.1047 

56.5 

55.9 

55.0 

3.1 

82.0 
68.6 

5.83 
62.8 

7.13 


*  The  true  serum  of  this  blood  was  obtained  by  equilibration  with  Hj 
4"  CO2.  Approximately  95  per  cent  of  the  hemoglobin  was  in  the  reduced 
form. 
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STUDIES  ON  ENZYME  ACTION. 
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(Received  for  publication,  May  22,  1922.) 
INTRODUCTION. 

The  chemical  changes  which  occur  in  hving  matter  are  pro- 
foundly influenced,  and  even  may  be  said  to  be  controlled,  by 
enzymes  and  their  actions.'  Thus,  different  enzymes  in  different 
parts  of  a  living  organism  may  produce  different  products  from 
one  and  the  same  mixture  supplied  to  the  different  parts.  Strictly 
speaking,  this  statement  should  be  reversed.  Since  different 
products  are  obtained  in  different  parts  of  a  living  anunal,  for 
example,  from  the  circulating  blood,  the  presence  of  various 
enzymes  in  these  different  parts  is  inferred,  since  enzymes,  at 
present,  are  known  only  by  their  actions.  Without  entering 
farther  into  these  questions  in  the  present  connection,  the  impor- 
tance of  enzyme  actions  in  the  chemical  changes  of  living  matter 
is  definitely  recognized.  As  a  logical  development,  a  modifica- 
tion of  such  enzyme  actions  might  well  be  expected  in  pathological 
conditions.  This  investigation  was  therefore  begun  to  study 
certain  enzymes  which  may  be  involved  in  malignant  growths. 
The  results  in  this  paper  are  limited  to  the  study  of  the  proteolytic 
enzyme,  and  refer  to  the  actions  obtained  with  various  human 
malignant  tmnors  as  well  as  the  Flexner-Jobling  rat  carcinoma. 
The  effect  on  the  protease  actions  of  different  hydrogen  ion  con- 

1  C/.  for  example  Falk,  K.  G.,  Catalytic  action,  Chapter  VII,  A  chemical 
interpretation  of  life  processes,  New  Y'ork,  1922. 
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centrations,  the  determination  of  the  optiniiun  hydrogen  ion  con- 
centration, the  change  in  action  with  tune  and  with  concentration 
of  substrate  and  of  enzjTne  material,  and  the  effect  of  a  number  of 
neutral  salts  on  the  action  at  the  optimum  hydrogen  ion  concentra- 
tion, were  studied. 

Experimental  Methods. 

Preparation  of  Materials  for  Enzyme  Tests. — The  solutions  and 
mixtures  used  for  the  enz>nne  experiments  were  obtained  from 
human  tumors  and  rat  tumors.  With  the  former,  the  material 
was  prepared  from  specimens  removed  in  surgical  operations, 
within  2  to  3  hours  after  the  operations.  With  the  latter,  the  neo- 
plasm was  removed  from  the  animal  after  killing  it  with  ether 
according  to  the  method  described  in  detail  l^y  Sugiura  and 
Benedict.^  In  both  cases,  after  the  removal  of  all  non-neoplastic 
material,  including  fibrous  tissue,  fat,  muscle,  etc.,  the  tumor  was 
cut  into  small  pieces,  washed  with  physiological  salt  solution,  and 
dried  by  means  of  filter  paper.  A  small  portion  of  the  tumor  was 
dried  in  an  air  oven  at  102°  in  order-  to  determine  the  water  con- 
tent. The  remainder  was  weighed,  macerated  with  sea  sand, 
treated  with  a  definite  quantity  of  water  or  saline  solution,  shaken 
thoroughly,  and  after  the  addition  of  a  small  quantity  of  toluene, 
placed  in  an  ice  box  over  night.  The  mixture  was  then  centri- 
fuged  and  filtered,  either  through  paper  or  with  suction  through  a 
Gooch  crucil)le  containing  a  thin  mat  of  long  fibred  asbestos. 

The  tumors  of  human  origin  were  obtained  at  more  or  less  ir- 
regular intervals  as  the  surgical  material  presented  itself  through 
the  courtesy  of  Dr.  E.  T.  Leddy  of  the  Staff  of  Memorial  Hospital. 
The  characters  of  the  growths  as  given  in  Table  I  were  obtained 
from  the  records  of  the  Pathological  Department  of  the  Hospital. 
The  rat  tumors  were  obtained  from  albino  rats,  both  male  and 
female,  which  were  inoculated  with  the  Flexner-Jobling  rat  car- 
cinoma in  the  usual  way  and  allowed  to  grow  for  a  period  of  from 

FRC 
3  to  6  weeks.2    The  term  i^r-r  for  example,  indicates  that  the 

86A 

tumor  used  was  derived  from  the  86th  generation,  Series  A.  The 
rats  were  fed  on  wheat  bread  soaked  in  whole  milk,  fresh  cabbage 
or  carrots,  and  fresh  tap  water  ad  libilum. 

2  Sugiura,  K.,  and  Benedict,  S.  R.,  /.  Cancer  Research,  1920,  v,  373. 


Falk,  Noyes,  and  Sugiura  77 

Protease  Methods.— The  proteolytic  actions  of  the  tumor  ex- 
tracts were  studied  by  the  formol  and  the  Van  Slyke  amino 
nitrogen  methods  on  casein  and  on  a  peptone  preparation.'  Not 
all  extracts  were  tested  by  both  methods  with  both  substrates,  but 
enough  experiments  were  carried  out  to  make  definite  conclusions 

possible. 

For  the  Van  Slyke  amino  nitrogen  method  the  micro  apparatus 
was  used  and  the  customary  precautions  taken.-*  The  use  of 
casein  as  substrate  caused  a  certain  amount  of  trouble.  In  solu- 
tions more  acid  than  pH  7.0,  the  presence  of  casein  in  suspension 
necessitated  some  care  in  order  to  run  the  requisite  quantity  of 
mixture  into  the  reaction  bulb,  while  the  introduction  of  the  casein 
into  the  acid  mixture  in  the  reaction  bulb  in  every  case  resulted  in 
the  casein  flocculating  out.  In  order  to  have  comparalDle  condi- 
tions and  also  to  cause  the  reaction  to  proceed  to  completion  as 
far  as  practicable,  the  reaction  bulb  was  shaken  for  8  minutes  in 
every  determination.  Either  2  or  3  cc.  were  used  in  the  deter- 
minations. 

In  carrying  out  the  determinations  by  the  Sorensen  formol 
method,  15  to  25  cc.  of  the  mixtures  and  0.1  N  sodiuiii  hydroxide 
solution  were  used.  Phenolphthalein  was  used  as  indicator.  The 
titrations  were  divided  into  two  steps,  first  to  a  definite  pink  color 
(direct),  then  after  the  addition  of  10  to  15  cc.  of  35  per  cent 
formaldehyde  solution  neutralized  toward  phenolphthalein,  to  a 
definite  pink  color  again  (formol).  The  results  presented  in  this 
paper  are  comparative;  that  is  to  say,  the  enzjine  actions  were 
obtained  by  subtracting  from  the  results  with  enzyme-substrate 
mixtures,  the  sums  of  the  separate  results  of  the  enz^^ne-water 
(or  solution)  and  substrate-water  (or  solution). 

Preparation  of  Solutions— The  pH  values  of  the  various  solu- 
tions were  determined  by  means  of  indicators  and  the  standard 
solutions  recommended  by  Clark.^  The  latter  were  checked  up 
potentiometricaUy.  A  nmnber  of  the  peptone  solutions  were 
tested  potentiometricaUy  and  as  a  result  of  these  tests  the  indica- 
tors were  chosen  which  gave  the  most  satisfactory  color  compari- 
sons.    The  substrate  solutions  in  the  earlier  experiments  were 

5  Obtained  from  Fairchild  Bros,  and  Foster,  New  York. 

*  Van  Slvke,  D.  D.,  J.  Biol.  Chem.,  1913-14,  xvi,  121. 

5  Clark  W.  M..  The  determination  of  hydrogen  ions,  Baltimore,  19-0. 
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prepared  by  direct  weighings  of  the  different  peptone  and  casein 
samples.  Later,  a  stock  sohition  was  prepared  for  any  one  series 
and  hydrogen  ion  concentration,  and  suitable  portions  were 
pipetted  from  this. 

Casein  was  used  as  substrate  as  a  type  of  complex  protein, 
while  the  peptone  was  used  because  of  its  more  ready  handling 
under  the  given  conditions.  The  results  and  conclusions  with 
these  two  substrates  were  essentially  the  same. 

In  all  the  experiments  except  those  involving  neutral  salt 
actions,  0.1  n  sodium  hydroxide  or  hydrochloric  acid  was  used  to 
bring  the  solutions  for  the  enzjTiie  tests  to  the  required  hydrogen 
ion  concentrations.  In  the  neutral  salt  tests,  the  hydroxyl  or 
hydrogen  compound  of  the  metallic  or  acid  component  of  the 
neutral  salt  was  used  in  order  to  avoid  the  introduction  of  a  dif- 
ferent salt  into  the  mixture. 

Toluene  was  present  in  every  mixture  throughout  the  tests. 

EXPERIMENTAL   RESULTS. 

Protease  Actions. 

General  Data. — The  data  relative  to  the  natures,  amounts,  and 
treatments  of  the  timiors  for  the  purpose  of  obtaining  extracts  for 
the  protease  tests  are  given  in  Table  I. 

The  amounts  to  which  the  various  extracts,  dialyzed  and  not 
dialyzed,  were  diluted  in  the  different  protease  tests  are  not  given 
directly  in  the  table.     The  final  results  of  such  dilutions  are  shown, 
however,  in  the  last  column,  in  which  are  given  per  cc.  of  the  mix-  _ 
tures  tested  the  quantities  of  original  tumors  extracted. 

The  extracts  in  the  first  eleven  experiments,  in  Experiments  30, 
31,  and  32,  and  in  part  of  Experiment  28  were  used  directly. 
The  other  extracts  were  dialyzed  over  night  in  collodion  bags 
against  running  tap  water.  The  pH  of  tliis  tap  water  was  7.0  to 
7.2,  and  its  temperature  varied  between  10  and  20°  at  the  dif- 
ferent times.  The  volumes  of  the  solutions  increased  between  20 
and  50  per  cent  in  the  dialyses.  These  increases  were  taken  into 
account  in  calculating  the  final  concentrations. 

The  filtered  rat  tumor  extracts  were  colorless  to  very  light 
yellow.     Some  of  the  human  tumor  extracts  were  red  in   color 
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(because  of  blood),  but  on  dilution  in  preparing  the  mixtures  for 
the  tests  the  color  was  found  not  to  interfere.  The  pH  values  of 
the  various  extracts  varied  between  6.6  and  7.0.  With  some  of 
the  extracts  the  addition  of  acid  to  bring  them  to  the  required 
pH  value  produced  a  faint  turbidity  or  cloudiness. 

The  special  treatments  and  explanations  with  reference  to  the 
protease  actions  will  be  given  in  connection  with  the  separate 
results.  Unless  stated  differently,  the  reactions  were  aUowed  to 
proceed  for  22  hours  at  38°  and  the  actions  then  determined. 

The  presentation  of  the  results  of  the  protease  actions  presents 
certain  difficulties.  The  concentration  of  the  substrate  can  be 
kept  uniform  in  the  various  series  of  experiments,  but  every  tumor 
extract  is  likely  to  be  different  even  if  the  concentrations  of  the 
soUd  tumors  as  extracted  had  been  kept  contant.  Each  series 
with  any  one  tumor  preparation  should,  strictly  speaking,  there- 
fore, be  considered  separately.  The  presentation  of  the  individual 
experiments  is,  however,  impracticable,  in  view  of  their  large 
number.  The  results  will  therefore  be  given  in  the  first  instance 
in  terms  of  a  common  unit  of  volume  and  concentration  of  sub- 
strate, that  is,  as  amounts  of  protease  action  per  cc.  of  mixture 
tested;  and  in  the  second  instance  as  relative  actions  by  consider- 
ing the  maximum  action  observed  in  any  one  series  as  100  per  cent 
and  calculating  the  other  actions  of  this  series  in  terms  of  this. 
In  the  second  way,  the  differences  in  the  enzyme  preparations  are 
eliminated,  and  the  relative  actions  studied  on  a  common  basis. 

The  Van  Slyke  method  gives  directly  the  increase  in  the  con- 
centration of  amino  groups  formed  on  proteolysis,  after  proper 
corrections  for  blanks  have  been  made.  Nothing  is  indicated 
as  to  other  reactions  which  may  have  occurred. 

The  formol  method  gives  the  concentration  of  acid  produced  in 
the  reaction.  This  acid  may  be  formed  as  a  result  of  the  hydrol- 
ysis of  a  peptide  linking,  and  also  of  any  other  decomposition  or 
hydrolysis  not  necessarily  accompanied  by  the  simultaneous  for- 
mation of  an  amino  group  as  in  the  peptide  hydrolysis.  Also, 
the  formol  titration  may  indicate  the  production  of  aminoma, 
present  as  an  ammonimn  salt  before  the  addition  of  formaldehyde, 
the  acid  component  of  the  ammonium  salt  being  determined  in  the 
formol  titration.  The  change  in  hydrogen  ion  concentration  of 
the  mixture  would  show  any  pronounced  acid  or  alkali  formation 
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in  tlip  reaction.  The  formol  method  evidently,  therefore,  does 
not  yield  results  theoretically  as  simple  and  as  clear-cut  as  the 
Van  Slyke  method. 

In  the  experiments  in  which  the  mixtures  at  the  beginning  of 
the  actions  were  treated  with  acid  or  alkali  so  that  their  pH  values 
varied  from  4.0  to  9.0,  the  direct  titrations  brought  all  the  mix- 
tures to  the  same  pH  (very  nearly  8.5),  and  the  formol  titrations 
then  gave  the  carboxyl  groups  produced  in  the  proteolytic  actions. 
These  formol  titrations  would  be  expected  to  give  smaller  values 
than  would  be  obtained  in  the  corresponding  Van  Slyke  amino 
nitrogen  determinations  for  the  hydrolysis  of  the  peptide  Unk- 
ings corresponding  to  the  proteolyses.  Each  series  would  be 
complete  in  itself,  but  a  more  or  less  constant  factor  would  rep- 
resent the  differences  between  the  two.  If  the  formol  titration 
is  started  at  pH  7.0,  however,  the  Van  Slyke  and  formol  methods 
give  essentially  the  same  results  as  shown  in  the  study  of  the 
hydrolysis  of  gelatin  by  Northrop,"  and  in  the  results  which  will 
be  communicated  in  this  paper. 

In  order  to  have  as  great  a  uniformity  as  possible,  the  results 
will  be  given  in  terms  of  milhgrams  of  nitrogen  in  the  form  of 
amino  groups  produced  by  the  protease  actions  in  100  cc.  of  the 
mixtm-es  at  the  temperatui-e  38°  and  in  the  time  indicated,  cor- 
rected for  enzjine  and  substrate  blanks.  They  are  obtained 
directly  from  the  determinations  by  the  Van  Slyke  method.  In 
the  formol  method,  the  hydrolysis  of  the  peptide  linking  is  as- 
sumed to  be  the  only  reaction  occurring.  In  the  series  in  which 
the  actions  at  different  hydrogen  ion  concentrations  were  studied, 
the  results  for  the  direct  titrations  will  be  indicated  as  milli- 
equivalents  of  acid  (or  alkali  for  the  negative  acid  values)  per 
100  cc.  of  mixture,  and  for  the  formol  titrations  as  milligrams  of 
nitrogen  per  100  cc.  Both  titrations  were  carried  out  with  phenol- 
phthalein  as  indicator.  The  formol  titration  results  are  not  the 
same  numerically  as  the  Van  Slyke  results,  but  the  comparative 
changes  and  the  optima  observed  are  the  same.  In  the  other 
series,  the  formol  method  was  carried  out  with  the  solutions  ini- 
tially at  pH  7.0.  Although  the  titrations  were  carried  out  in  two 
steps,  direct  and  formol,  with  phenolphthalein  as  indicator  in 
each,  the  results  will  be  combined  and  presented  as  one  titration 

'Northrop,  J.  H.,  /.  Gen.  Physiol.,  1920-21,  iii,  715. 
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in  terms  of  milligrams  of  amino  nitrogen  fonned  per  100  cc.  of 

mixture. 

Protease  Actions  at  Different  Hydrogen  Ion  Concentrations.— The 
first  problem  studied  included  the  determination  of  protease 
activities  at  different  hydrogen  ion  concentrations  with  a  view  to 
finding  the  optimmn  conditions  for  the  actions.  Preparations 
from  Tumors  2  to  11  were  used  for  this  purpose.  None  of  these 
extracts  was  dialyzed  before  testing.  Table  II  shows  some  of  the 
experimental  results  which  were  obtained.  In  all  these  experi- 
ments 1  cc.  of  the  mixture  contained  8  mg.  of  peptone  or  casein. 
In  Table  III  and  Fig.  1  are  presented  the  results  for  all  the  experi- 
ments in  which  more  or  less  complete  series  were  obtained  at  a 
number  of  different  hydrogen  ion  concentrations.  A  number  of 
series  were  obtained  with  results  for  pH  4.0,  6.0,  and  8.0,  only. 
These  confirm  in  general  the  more  complete  series  and  will  not 
be  given  in  detail. 

The  main  conclusion  to  be  drawn  from  these  results  is  that  a 
definite  optimum  for  the  actions  is  observable  at  pH  7.0,  with  a 
more  gradual  decrease  toward  pH  8.0  than  toward  pH  6.0. 

A  few  explanations  and  further  conclusions  with  reference  to 
these  experiments  may  be  given.  Extracts  of  Tmnor  5  were 
prepared  both  with  water  and  with  physiological  salt  solution. 
These  were  tested  at  pH  4.0,  6,0,  and  8.0,  and  gave  practically 
identical  results.  All  the  subsequent  extractions  were  therefore 
carried  out  with  water  only.  Extracts  of  Tumors  2  and  3  were 
also  tested  only  at  pH  4.0,  6.0,  and  8.0,  and  are  not  included  in 
the  results.  The  negative  values  of  a  nmnber  of  the  direct  titra^ 
tions,  especially  with  peptone,  are  of  interest.  The  hydrolysis 
evidently  produced  an  excess  of  the  alkaline  products  (probably 
ammonia)  over  the  acid.  The  amounts  in  most  cases,  especially 
with  the  initial  pH  values  of  5.0,  6.0,  and  7.0,  are  extremely  small, 
but  unquestionably  are  correct.  They  do  not,  however,  appear  to 
effect  the  formol  titrations.  Experunent  7  gave  unaccountably 
large  negative  direct  titration  values. 

The  extracts  of  Tumors  8  and  9  were  tested  for  protease  actions 
unfiltered,  filtered  through  paper,  and  filtered  through  asbestos. 
No  regular  difference  was  observed  to  indicate  that  either  method 
of  filtration  removed  active  material. 
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TABLE  III. 
Percentage  Protease  Actions  of  Tumor  Extracts  at  Different  Hydrogen  Ion 

Concentrations. 


Experi- 

pH 

ment 

Substrate. 

Method. 

No. 

4,0 

5  0 

6..0 

7.0 

8.0 

9.0 

6 

Peptone. 

Formol. 

32 

90 

100 

100 

22 

7 

it 

(( 

44 

78 

100 

98 

54 

Sa 

a 

It 

79 

72 

100 

63 

56 

8b 

it 

it 

38 

77 

100 

74 

28 

8c 

it 

it 

31 

73 

100 

42 

9a 

tt 

a 

50 

85 

100 

85 

21 

9b 

it 

tt 

39 

61 

100 

74 

77 

8a 

Casein. 

Formol. 

42 

44 

100 

24 

24 

8b 

tt 

a 

40 

60 

100 

80 

53 

8c 

it 

tt 

56 

100 

75 

31 

9a 

it 

ti 

55 

39 

100 

64 

18 

9b 

it 

ti 

59 

71 

100 

53 

0 

9c 

it 

ti 

40 

100 

93 

47 

10 

Peptone. 

Van  Slyke. 

15 

36 

65 

100 

92 

52 

11 

ft 

a           (( 

16 

45 

50 

100 

Averages. 

Peptone. 

Formol. 

45 

77 

100 

82 

43 

Casein. 

<( 

49 

52 

100 

65 

29 

Fig.  1.  Curves  showing  the  relations  between  the  protease  actions  of 
tumor  extracts  (percentages  of  the  maximum  actions  plotted  as  ordinates 
and  the  corresponding  pH  values  of  the  extracts  as  abscissae). 

Curve  I  represents  actions  on  peptone,  averages  of  the  results  obtained 
by  the  Sorensen  formol  method;  Curve  II,  actions  on  peptone,  results 
obtained  by  the  Van  Slyke  amino  nitrogen  method;  Curve  III,  actions  on 
casein,  averages  of  the  results  obtained  by  the  Sorensen  formol  method. 
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Comparison  between  tlie  experimentally  observed  values  in  the 
different  experiments  is  not  feasible  because  of  the  different  con- 
centrations of  tumor  materials  in  the  various  mixtures.  However, 
of  those  quoted  so  far,  all  except  Experiment  10  were  of  the  same 
order  of  magnitude  as  far  as  concentration  of  extracted  material 
was  concerned,  and  gave  actions  also  of  the  same  order.  Experi- 
ment 10  with  tumor  in  greater  concentration  gave  considerably 
greater  actions. 

The  variation  in  protease  action  with  the  hydrogen  ion  concen- 
tration is  brought  out  clearly  in  Table  III  (and  Fig.  1)  which  also 
permits  of  a  comparison  of  the  different  experiments  from  this 
point  of  view.  The  maximirai  action  in  any  one  series  is  placed 
at  100  and  the  actions  at  the  other  hydrogen  ion  concentrations 
calculated  in  terms  of  this.  Although  there  are  several  minor 
discrepancies,  the  general  relation  of  a  distinct  optimimi  at  pH 
7.0  is  brought  out  clearly. 

Rate  of  Protease  Actions.— -A  number  of  series  of  experiments 
were  carried  out  to  determine  the  amounts  of  the  actions  after 
definite  time  intervals.  Extracts  from  tumors,  or  Preparations 
19,  22,  23,  2-1,  and  25  were  used.  1  cc.  of  mixture  contained  20 
mg.  of  peptone  in  every  case,  except  Experiment  19  where  16  mg. 
were  present  per  cc.  Both  the  formol  and  Van  Slyke  methods 
were  used.  The  tests  were  run  at  pH  7.0.  The  formol  results 
include  the  simis  of  the  direct  (which  were  very  small  in  every 
case)  and  formol  titrations.  In  experiments  of  this  nature 
occasional  irregularities  are  apparently  unavoidable. 

The  experimental  results  expressed  as  milligrams  of  nitrogen 
foiTned  by  the  protease  actions  per  100  cc.  of  mixtures,  corrected 
for  blanks,  are  given  in  Table  IV.  These  results  were  plotted,  and 
since  the  determinations  by  the  formol  and  Van  Slyke  methods 
in  those  cases  where  both  were  used  gave  practically  the  same 
results,  such  series  were  combined.  Fig.  2  shows  two  of  the 
curves  obtained;  those  for  Extracts  22  and  24.  Table  V  then 
gives  the  values  for  the  actions  at  more  regular  tune  intervals  as 
taken  from  the  various  curves  for  the  expermiental  results  shown 
in  Table  IV. 

Although  it  is  difficult  to  compare  enzyme  actions  from  different 
materials  in  a  quantitative  manner,  some  conclusions  may  be 
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drawn  relative  to  the  kinetics  of  the  reactions.  The  data  pre- 
sented in  Table  V  will  be  used. 

Extracts  19  and  22  were  obtained  from  tumors  of  human  origin, 
Extract  23  from  a  tumor  of  rat  origin,  Extracts  24  and  25  from 
nomial  rat  tissue.  Very  nearly  the  same  weights  of  tumor  were 
extracted  per  cc.  of  final  mixture. 

Comparing  the  actions  of  the  last  three  extracts  (material  from 
rats),  it  is  seen  that  the  tmnor  protease  showed  much  greater 
activity  than  the  protease  of  normal  tissue.  No  special  signif- 
icance should  be  attached  to  this  fact,  however,  since  the  ceU 

TABLE  IV. 
Experimental  Results  on  the  Rates  of  Protease  Actions  of  Extracts. 


Extract  19. 

Extract  22. 

Extract  23. 

Extract  24. 

Extract  25. 

B 

o 
M 

1 

>> 

c 

6 
H 

~6 

0 

a, 
S 

a 

13 
c 
-d 

6 
1 

6 

E 

o 
.a 
o 

s 

c 

> 

13 

o 

a 

a 

6 
B 

a> 

s 

C 
> 

•a 
o 

1 

a 

1 

0 
3.4 

2.9 
13.1 
16.6 

17.4 

a 

-a 
a 

B 
s 

eS 
> 

0 

0.4 
22.4 
21.1 
20.9 

J 
1 

a 

1 

min. 

0 

55 

105 

250 

370 

1,675 

1,735 

3,135 

0 

1.2 

1-6 

5.4 

5.4 

14.6 

15.2 

19.1 

min. 

0 

115 

185 

300 

1,295 

1,395 

1,775 

2,845 

0 

9.2 
10.5 
13.9 
25.4 
22.7 

29.1 

0 

9.1 
10.7 
17.9 
23.8 
23.0 
24.9 
29.3 

min. 

0 
190 
290 
1,335 
1,435 
1,735 
3,070 

0 
U.2 

11.2 
26-9 
26.5 
29.0 
39.0 

0 

8.3 
11.0 
26.4 
28.0 
29  1 
39.0 

min. 

0 
210 

285 
1,675 
2,895 
3,135 

0 

2.1 

2.9 

11.5 

19  9 

viin. 

0 

215 

1,710 

1,730 

2,790 

0 

5.4 
19.0 

22.7 

characters  were  entirely  different.     Except  for  Extract  25,  none 
of  the  actions  appeared  to  have  reached  a  limit. 

Attempts  to  apply  methematical  equations  to  the  kinetic  re- 
lationships of  these  protease  actions  are  as  inconclusive  as  with 
most  enzyme  actions.  This  may  be  illustrated  by  the  apphcation 
of  Schutz's  rule'  to  the  results  given  in  Table  V.  Schiitz's  rule 
states  that  the  amounts  of  enzyme  action  are  proportional  to  the 
square  roots  of  the  times  of  actions.  Table  VI  gives  the  values  for 
K  as  derived  from  the  expression 

'  Schutz,  E.,  Z.  physiol.  Chem.,  1885,  ix,  577. 


Mg  ^Irogen  fisp  joo  cc. 

Fig.  2.  Rates  of  protease  actions  of  extracts  on  peptone  at  pH  7.0. 
Times  of  actions  (minutes)  plotted  as  ordinates;  amounts  of  actions  (as 
milligrams  of  amino  nitrogen  produced  per  100  cc.  of  mixtures),  as  abscissse. 

Curve  22  represents  results  obtained  -svith  tumor  ex.tract  22;  Curve  24, 
results  with  normal  tissue  extract  24. 
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in  which  x  represents  the  change  in  time,  T,  for  enzyme  concentra- 
tion, E.    E  is  taken  to  be  constant  in  each  series. 


TABLE  V. 


Rates  of  Protease  Aclio7is  of  Extracts  Taken  from  Curves  of  Experimental 

Results. 


Time. 

Human. 

Rat  tumor. 

Normal  rat. 

Extract  19. 

Extract  22. 

Extract  23. 

Extract  24. 

Extract  25. 

min. 

0 

0 

0 

0 

0 

0 

60 

1.0 

5.2 

3.0 

0.9 

1.6 

120 

1.9 

8.5 

5.5 

1.7 

3.1 

240 

3.7 

12.8 

9.6 

3.2 

5.9 

480 

6.7 

17.7 

15.2 

5.8 

10.3 

720 

9.2 

20.3 

19.5 

7.8 

13.6 

960 

11.2 

22.0 

22.7 

9.3 

16.2 

1,200 

12.7 

23.2 

25.5 

10.6 

18.1 

1,440 

14.0 

24.2 

27.7 

11.7 

19.5 

1, 920 

15.8 

26.0 

31.6 

13.7 

21.3 

2,400 

17.3 

27.6 

34.8 

15.6 

22.0 

2,880 

18.5 

29.3 

37.9 

17.5 

22.1 

TABLE  VI. 
Values  of  the  Constant  of  Schiits's  Rule  Derived  from  the  Results  of  Table  V. 


Time. 

Extract  19. 

Extract  22. 

Extract  23. 

Extract  24. 

Extract  25. 

min. 

60 

0.13 

0.67 

0.39 

0.12 

0.21 

120 

0.17 

0.78 

0.50 

0.16 

0.28 

240 

0.24 

0.83 

0.62 

0.21 

0.38 

480 

0.31 

0.81 

0.69 

0.27 

0.47 

720 

0.34 

0,76 

0.73 

0.29 

0.51 

960 

0.36 

0.71 

0.73 

0.30 

0.52 

1,200 

0.36 

0.66 

0.72 

0.30 

0.51 

1,440 

0.37 

0.64 

0.73 

0.31 

0.51 

1,920 

0.36 

0  59 

0.72 

0.31 

0.49 

2,400 

0.35 

0.56 

0.71 

0.32 

0  45 

2, 880 

0.35 

0.55 

0.71 

0.33 

0.41 
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It  was  shown  by  Northrop*  in  interpreting  the  mechanism  of 
Schtitz's  rule,  that  the  rule  involves  the  assumptions  that  the  con- 
centrations of  the  products  of  reaction  are  large  compared  to  the 
concentration  of  enzjTtne,  and  that  the  quantity  of  substrate  re- 
mains fairly  constant.  These  conditions  hold  only  after  the  reac- 
tion has  proceeded  to  a  certain  extent,  and  during  the  time  that  a 
certain  amount  of  action  occurs.  In  the  reaction  between  pepsin 
and  albumin,  Northrop  found  that  the  constant  calculated  accord- 
ing to  Schtitz's  rule  first  increased  with  the  time,  then  remained  con- 
stant for  various  lengths  of  time,  and  then  decreased.  Exactly 
the  same  behavior  is  shown  by  the  results  given  in  Table  VI  for 
the  extracts  from  the  three  sources.  All  the  actions  showed 
initial  increases,  then  constancy  for  different  periods,  and  then 
more  or  less  irregular  decreases.  Northrop  developed  an  equation 
to  include  such  factors  as  varying  enzjane  concentration,  which 
would  be  expected  to  hold  for  practically  the  whole  course  of  the 
reaction.  The  application  of  this  equation,  involves,  however, 
the  knowledge  of  the  final  value  of  the  enzyme  action  (hydrolysis 
in  this  case).  The  results  obtained  in  this  investigation  do  not 
perniit  of  the  detennination  of  these  final  values,  since  there  are, 
at  least  in  four  of  the  five  series,  no  indications  that  the  reactions 
had  approached  completion.  It  might  be  thought  that  the  con- 
sideration of  this  expression  as  one  containing  two  unknowns, 
the  constant  and  the  final  value  of  the  actions,  evaluating  perhaps 
by  the  method  of  least  squares,  would  give  results  of  interest. 
This  method  of  treatment,  while  employed  at  times,  really  assumes 
the  fact  which  is  being  tested. 

The  results  given  in  this  section  maj^  perhaps  be  interpreted 
more  satisfactorily  when  the  mechanism  of  enzyme  actions  shall 
have  been  formulated  more  completely.  Until  then,  the  results 
must  be  considered  as  empirical  contributions,  wWch  agree  with 
the  observations  of  others  as  far  as  comparison  at  the  present  time 
is  possible. 

Relations  between  the  Protease  Actions  and  the  Changes  in  Enzyme 
and  Substrate  Concentrations.- — Two  series  of  experiments  were 
carried  out  with  extracts  of  Tumors  19  and  20  (one  of  human  and 
one  of  rat  origin)  in  which  the  concentrations  of  enzyme  material 
and  of  substrate  were  varied.     The  relative  enzyme  concentra- 

'  Northrop,  J.  H.,  J.  Gen.  Physiol.,  1919-20,  ii,  471. 
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tions  were  in  the  ratios  1:2:4  in  both  series.  With  Tumor  Ex- 
tract 19,  the  peptone  concentrations  were  in  tlie  ratios  1:2.5:5, 
ranging  from  2.65  to  13.2  mg.  of  peptone  per  cc.  of  final  mixture; 
with  Tumor  Extract  20,  their  concentrations  were  in  the  ratios 
1:2.5:5:10;  ranging  from  2.0  to  20  mg.  per  cc.  of  final  mixture. 
The  experiments  were  carried  out  for  22  hours  at  38°.  The  Van 
Slyke  method  was  used  for  the  determinations. 

Table  VII  shows  the  results  of  the  protease  actions  expressed 
as  milhgrams  of  amino  nitrogen  produced  per  100  cc.  of  mixture. 

TABLE  VII. 

Effect  of  Change  in  Concentration  of  Enzyme  and  Substrate  on  Protease 

Actions  of  Tumor  Extracts. 


Concentration  of  peptone 

1.0 

2.0 

5.0 

10.0 

Concentration  of  tumor  extract  19. 

1 
2 
4 

4.4 

5.3 
9.3 

6.6 

9.8 
14.6 

7.7 
16.4 
24.2 

Concentration  of  tumor  extract  20. 
1 
2 
4 

3.9 

4.8 
5.7 

5.8 
11.1 
14.8 

11.1 

16.5 
20.8 

22.3 
25.1 
39.5 

In  order  to  study  the  effects  of  changes  in  concentrations  of 
enz>Tne  and  of  substrate  satisfactorily,  it  is  ad\-isable  to  follow 
the  time  necessary  to  produce  the  same  percentage  change  in 
substrate  in  the  different  cases.  This  was  not  done  in  the  present 
instance,  but,  even  so,  some  conclusions  may  be  drawn  from  the 
results.  Table  VIII  shows  the  values  of  K  calculated  by  means 
of  Schiitz's  rule  from  the  equation 


in  which  x  represents  the  extent  of  the  action,  and  E  and  A  the 
relative  concentrations  of  enzjrae  and  substrate,  respectively. 

The  average  value  of  the  constant  of  Schiitz's  rule  from  the 
results  in  Table  VIII  for  Tumor  Extract  19  is  4.4,  for  Tmnor 
Extract  20  it  is  4.5.     There  is  quite  a  variation  in  the  individual 
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values,  and  some  of  them  are  obviously  incorrect.  It  is  not  easy 
to  draw  any  general  conclusions  as  to  possible  trend  of  the  values 
with  the  limited  number  of  results  at  hand,  but  perhaps  it  may 
be  said  that  the  values  in  any  one  series  tend  to  increase  with 
increased  concentration  of  substrate.  At  any  rate,  in  view  of  the 
possible  errors  of  the  experiments  and  the  use  of  amounts  of  action 
in  equal  times  instead  of  the  more  accurate  use  of  lengths  of  time 
for  equal  percentage  actions,  Schiitz's  rule  indicates  a  rough 
approximation  to  a  probable  explanation  of  the  mechanism  of  the 
actions.  This  is  especially  true  when  taken  in  connection  with 
the  results  of  the  time  action  determinations  given  in  the  pre- 
ceding section,  and  points  to  the  fact  that  some  more  general 

TABLE  VIII. 

Values  of  the  Constant  of  Schiilz's  Rule  Derived  from  the  Results  of  Table  VII. 


Concentration  of  peptone. 

1.0 

2  5 

5.0 

10.0 

Concentration  of  tumor  extract  19. 
1 
2 
4 

4.4 

3.7 

4.7 

4.2 
4.4 
4.6 

3.4 

5.2 
5,4 

Concentration  of  tumor  extract  20. 
1 

2 

4 

3.9 

3.4 
2.9 

3.7 
5.0 

4.7 

5.0 
5.2 
4.6 

3.5 
5.6 
6.2 

theoretical  explanation  of  the  mechanism  of  these  enzjnne  actions 
such  as  that  outlined  by  Northrop  is  correct  and  that  Schiitz's 
rule  is  a  special  and  limited  case  of  the  general  formulation. 

Influence  of  a  Number  of  Neutral  Salts  on  the  Protease  Actions 
of  Tumor  Extracts. — The  protease  actions  of  a  number  of  tumor 
extracts  were  tested  after  the  addition  of  various  neutral  salts. 
In  place  of  giving  the  detailed  experunental  results  for  the  indi- 
vidual tests,  the  actions  will  all  be  given  in  relative  terms,  that  is, 
the  percentage  actions  in  the  presence  of  the  different  concentra- 
tions of  the  different  salts  with  the  action  in  the  absence  of  the 
salt  in  the  given  series  as  unity.  In  everj'  series,  an  experiment 
with  the  extract  without  added  salt  was  run.  The  values  of  the 
protease  actions  for  these  direct  tests  were,  as  a  rule,  of  the  same 
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general  order  of  magnitude  as  the  results  already  given.  The 
relative  actions  in  the  presence  of  the  salts  can  therefore  be 
approximated. 

TABLE  IX. 
Relative  Protease  Actions  of  Tumor  Extracts  in  the  Presence  of  Salts. 


Tumor 

Molar  concentrations  of  added  salts. 

Plllt. 

extract 

Method. 

No. 

0 
100 

0.03 

0.10 

67 

0.14 

0.20 

0.30 

0.50 

66 

0..69 

1.0 

NaCl 

14 

Van  Slyke. 

24 

18 

(<         ti 

100 

84 

84 

22 

n                 tt 

100 

85 

85 

53 

26 

tl             ii 

100 

84 

72 

69 

26 

Formol. 

100 

94 

84 

70 

NaF 

1-i 
13 

Van  Slyke. 

U                   11 

100 
100 

76 
95 

55 
95 

48 
42 

NaBr 

15 
16 

it                   t( 
H                   li 

100 
100 

62 
92 

52 
48 

0 
0 

17 

ii                 n 

100 

76 

62 

64 

Nal 

15 

U                    ti 

100 

58 

0 

0 

16 

tt              ii 

100 

50 

0 

0 

17 

a             i( 

100 

59 

46 

3 

KCl 

26 

it             it 

100 

91 

73 

65 

26 

Formol. 

100 

94 

84 

61 

LiCl 

18 

Van  Slyke. 

100 

100 

93 

CaClo 

27 
19 
29 

i(             a 
ti              It 
tt              ti 

100 
100 
100 

91 

58 
58 

SO 

26 
64 

0 

27 

Formol. 

100 

72 

14 

0 

0 

29 

it 

100 

75 

30 

Van  Slyke. 

100 

79 

55 

30 

Formol. 

100 

100 

85 

31 

Van  Slyke. 

100 

71 

31 

Formol. 

100 

82 

32 

ti 

100 

69 

. 

Calj 

19 

Van  Slyke. 

100 

41 

37 

16 

0 

The  experiments  were  run  in  every  case  for  22  hours  at  38°. 
Each  final  mixture  contained  the  tumor  in  the  concentration  in- 
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dicated  in  Table  I  and  8  nig.  of  peptone  per  cc.  Unless  stated  to 
the  contrary,  every  tumor  extract  was  dialyzed  against  tap  water 
for  18  hours,  and  the  mixtures  were  made  up  with  these  dialyzed 
solutions  to  which  the  salt,  etc.,  were  added.  The  final  mixtures 
were  made  up  to  have  a  pH  of  7.0. 

The  averages  of  the  separate  results  for  the  different  salts  are 
given  in  Table  X. 

TABLE  X 

Average  Values  for  the  Relative  Protease  Actiotis  of  Tumor  Extracts  in  the 

Presence  of  Salts. 


Molar  concentrations  of  salts. 

Salt. 

0 

0  03 

0  10 

0.14 

0.20 

0  30 

0  50 

10 

NaCl 

100 

83 

78 

54 

NaF 

100 

86 

75 

45 

NaBr 

100 

77 

54 

21 

Nal 

100 

56 

15 

1 

KCI 

100 

93 

79 

63 

LiCl 

100 

100 

93 

CaCIo 

100 

90 

69 

61 

35 

0 

Cal. 

100 

41 

37 

16 

0 

In  order  to  facilitate  comparison  between  the  different  actions, 
the  results  for  sodium  chloride,  sodium  bromide,  sodium  iodide, 
calcium  chloride,  and  calcium  iodide  were  plotted  and  are  shown 
in  Fig.  3. 

A  study  of  the  results  given  in  Table  IX  shows  considerable 
variations  of  the  various  tumor  extracts  under  conditions  of  added 
salt  where  similar  results,  as  expressed  in  terms  of  percentage 
actions,  might  be  expected.  In  part,  these  variations  are  undoubt- 
edh^  due  to  experimental  errors,  since  the  quantities  measured  are 
comparatively  small.  At  the  same  time,  variations  between  the 
influences  exerted  by  different  added  substances  on  these  protease 
actions  would  naturally  be  expected  with  tumors  derived  from 
different  individuals,  rat  as  wellashmuan.  Especially  with  human 
tumors  of  different  types,  as  shown  in  the  descriptions  in  Table  I, 
would  differences  in  actions  be  expected  to  occur.  The  data  at 
hand  are  not  extended  enough  to  permit  of  a  possible  classification 
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of  the  actions  according  to  the  type  and  nature  of  tumor,  so  that 
for  the  purposes  in  view  an  average  of  the  results  for  any  one  salt 
has  been  taken.  Under  the  circmnstances,  the  general  agreement 
of  the  relations  between  the  effects  of  the  added  salts  on  the  pro- 
tease actions  of  the  extracts  of  tumors  from  such  very  different 
sources  is  striking. 

The  average  values  for  the  actions  of  the  various  salts  which 
are  given  in  Table  X  clearly  indicate  the  following  facts: 

1.  The  protease  action  was  decreased  in  every  case  with  in- 
creasing concentration  of  salt. 

2.  Sodium  chloride  and  sodium  fluoride  exerted  comparatively 
smaU  retarding  effects,  the  actions  being  decreased  only  one-fourth 
at  0.5  molar  concentration,  and  one-half  at  molar  concentration. 

3.  Potassium  chloride  and  hthiuna  chloride  exerted  smaller 
inhibiting  actions,  if  anything,  than  did  the  sodium  chloride  and 
sodium  fluoride,  although  the  smaller  number  of  results  with  the 
former  do  not  make  the  results  with  them  quite  as  satisfactory. 

4.  Sodium  bromide  retarded  the  actions  to  a  greater  extent  than 
did  sodium  chloride,  about  one-fourth  at  0.1  molar,  one-half  at 
0.5  molar,  and  four-fifths  at  molar  concentration. 

5.  Sodium  iodide  showed  still  greater  retarding  effects,  the 
actions  decreasing  to  about  one-half  at  0.1  molar  concentration. 

6.  Calcium  chloride  retarded  the  actions  to  a  much  greater 
extent  than  the  sodium  chloride,  but  not  as  much  as  the  sodium 
iodide  for  the  corresponding  molar  concentrations. 

7.  Calcium  iodide  retarded  the  actions  to  the  greatest  extent  of 
the  salts  which  were  studied.  This  was  to  be  expected  in  view  of 
the  retarding  actions  of  sodium  iodide  and  calcium  chloride. 

In  view  of  the  retarding  actions  of  the  calcium  salts,  the  pro- 
tease actions  of  some  of  the  tumor  extracts  were  detennined  after 
various  treatments  with  calcimn  salts.  A  definite  time  factor  was 
observed.  The  experiments  in  which  the  tumor  extracts  con- 
tained calcium  chloride  for  some  time  before  their  activities  were 
tested,  showed  markedly  less  protease  actions  on  the  peptone. 

A  study  of  the  growth  of  transplanted  Flexner-Jobling  rat  car- 
cinoma after  treatment  with  various  solutions,  will  be  spoken  of 
in  the  following  section.  In  view  of  the  relations  found  in  this 
study,  the  protease  actions  of  tumor  extracts  in  the  presence  of 
salts  mixed  in  the  proportions  used  in  the  Locke-Ringer  solution 
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were  determined.  Table  XI  gives  the  results  of  these  determi- 
nations with  the  salts  present  in  the  concentrations  given  in  such 
a  solution,  in  three  times  these  concentrations,  and  also  in  a 
solution  containing  only  the  sodimn  chloride.  The  results  are 
presented  as  percentage  actions,  with  no  added  salt  present  taken 
to  be  100. 

TABLE  XI. 
Relative  Protease  Actions  of  Tumor  Extracts  in  the  Presence  of  Salt  Mixtures. 


Experi- 
ment 
No. 

Method. 

No  salt. 

0  15  m 
NaCl. 

0  45  M 
NaCl. 

0  15  m 
NaCl 

0  003  M 
CaCh 

0,003  M 
KCl 

0  45  M 
NaCl 

0  009  M 
CaCli 

0  009  M 
KCl 

34 

Van  Slyke. 

100 

55 

69 

64 

Formol. 

100 

86 

64 

100 

78 

35 

Van  Slyke. 

100 

72 

82 

94 

Formol. 

100 

99 

83 

100 

85 

36 

Van  Slyke. 

100 

97 

76 

89 

75 

Formol. 

100 

86 

69 

91 

72 

39 

Van  Slyke. 

100 

73 

82 

89 

74 

Formol. 

100 

86 

93 

Avera 

£es ... 

100 

86 

75 

90 

77 

Calcium  chloride,  in  the  concentrations  0.003  and  0.009  m,  did 
not  retard  the  actions.  In  fact,  a  slight  increase  was  noticed  as 
compared  with  the  actions  in  the  absence  of  the  salt,  but  this 
may  have  been  due  to  experimental  inaccuracies.  The  results 
shown  in  Table  XI  indicate  clearly  that  the  addition  of  calcium 
and  potassium  chlorides  to  the  sodimn  chloride  solution  in  the 
relative  proportions  of  the  Locke-Ringer  solution,  did  not  reduce 
the  retarding  action  of  the  sodimn  chloride  on  the  protease  ac- 
tions. The  concentrations  of  the  calciima  and  potassium  chloride 
were  too  small  to  cause  appreciable  retarding  actions  in  them- 
selves. A  comparison  of  these  results  with  the  results  of  Tables 
IX  and  X  and  with  the  corresponding  curves  in  Fig.  3  brings  this 
out  clearly.  In  other  words,  there  is  no  antagonistic  salt  action 
observable  with  the  protease  of  tmuor  e.\tracts. 
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DISCUSSION  OF  RESULTS. 

The  discussion  of  the  experimental  results  involves:  first  a 
comparison  of  the  protease  actions  of  the  tumor  extracts  with 
the  actions  of  proteases  from  different  sources;  and  second  a 
comparison  of  the  tumor  protease  actions  with  transplantation 
phenomena  of  the  Flcxner-Jobling  rat  carcinoma. 

The  protease  actions  found  do  not  differ  in  any  significant  way 
from  the  protease  actions  observed  by  other  workers  with  material 
from  simUar  sources.'  It  must  be  remembered  that  the  present 
investigation  did  not  include  directly  the  study  of  the  chemical 

composition  of  tmnors.  .     ,  .    ,,    ^        . 

An  important  point  which  should  be  emphasized  is  that  as  far 
as  these  studies  went,  the  protease  actions  of  human  and  rat  tumor 
extracts  were  essentially  the  same.  This  applies  especially  to  the 
optimum  hydrogen  ion  concentration  for  the  actions  and  to  the 
behavior  of  neutral  salts,  the  inhibiting  effect  of  calcium  mboth 
series  being  striking.  The  tmnor  tissue  protease  was  found  to  be 
somewhat  more  active  than  the  normal  tissue  protease.  This 
agrees  with  the  observation  of  Abderhalden,"  who  also  found  that 
extracts  of  normal  and  of  tmnor  tissue  of  rats  and  mice  hydrolyzed 
polypeptides  and  silk  peptone  in  different  ways.  However,  it 
may  be  recalled  that  enzymes  of  normal  tissue  from  different  parts 
or  organs  of  the  same  animal  may  well  produce  very  different 
results  on  the  same  substrate. 

The  pH  value  for  optimum  protease  action  was  found  to  be 
7.0  with  more  rapid  decrease  on  the  acid  than  on  the  alkaline  side, 
as  shown  in  Fig.  1.  The  action  may  be  said  to  be  tryptic  in  char- 
acter." The  hydrogen  ion  concentration  for  the  optimum  action 
is  very  nearly  that  of  the  blood  and  probably  of  most  of  the  tissues. 
As  far  as  can  be  told  from  the  results  obtained,  the  kinetic  relation- 
ships are  similar  to  those  observed  by  others  as  already  pointed 

'C/.  for  example  Wells,  H.  G.,  Chemical  pathology,  Philadelphia, 
2nd  edition,   1914,  456-8.    Ewing,  J.,  Neoplastic  diseases,  Philadelphia, 

1919,  90-1. 

■"Abderhalden,  E.,  and  Medigreceami,  F.,  Z.  phijsiol.  Chem.,  1910,  Ixvi 
265.    Abderhalden,  E.,  and  Pincussohn,  L.,  Z.  physiol.  Chem.,  1910,  Ixvi, 

277. 

"  Cf.  Loeper,  G.  F.,  and  Tannet,  G.,  Compi.  rend.  Soc.  hioL,  1920,  Ixxxm, 
993;  J.  pharm.  el  chim.,  1920,  xxii,  210. 
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out.  The  facts  that  the  substrate  in  such  actions  is  not  a  simple 
one,  and  that  probably  several  different  reactions  are  occurring, 
either  simultaneously  or  consecutively,  serve  to  obscure  the 
actual  relationships  of  the  actions.  In  general  terms,  the  actions 
are  of  the  same  type  as  other  protease  actions. 

The  relation  between  the  protease  actions  and  the  growth  of 
transplanted  tumors  may  be  summarized  briefly. 

The  growth  of  the  transplanted  Fle.xner-Jobling  rat  carcinoma 
was  followed,  the  tissue  fragments  before  inoculation  being  im- 
mersed for  various  lengths  of  time  in  solutions  of  different  hydro- 
gen ion  concentrations  and  salt  contents.  The  details  of  this 
work  are  presented  elsewhere.'"  The  following  conclusions  are  of 
interest  in  the  present  connection.  After  immersion  in  phosphate 
mixtures  of  different  hydrogen  ion  concentrations  for  24  hours 
in  the  ice  box,  the  transplants  immersed  in  the  pH  7.0  solutions 
grew  normally,  while  those  in  the  more  acid  and  more  alkaline 
solutions  did  not  grow.  Immersion  in  physiological  salt  solution 
(0.15  M  NaCl)  at  pH  7.0  for  24  hours  did  not  prevent  growth,  with 
immersion  for  72  hours,  however,  no  growths  were  obtained. 
With  calcium  chloride  solutions  (0.078  m  CaCU),  growth  was  pre- 
vented in  much  shorter  times  of  unmersiou,  10  hours  or  less.  The 
inactivating  or  harmful  effects  of  the  sodiimi  chloride  in  the  longer 
period  of  immersion,  or  of  a  much  more  dilute  calcium  chloride 
solution  in  a  correspondinglj-  longer  time  were  overcome  by  the 
use  of  a  "balanced"  mixture  of  the  two  salts.  Thus,  immersion 
in  a  solution  of  0.15  m  XaCl  and  0.003  m  CaClo  concentration  for 
72  hours  showed  normal  growths  of  the  transplants. 

Summarizing  the  comparison  of  the  protease  actions  of  the 
aqueous  extracts  of  human  and  rat  tmiiors  and  the  growth  of  the 
Flexner-Jobling  rat  carcinoma  after  immersion  in  different  solu- 
tions before  transplantation,  it  may  be  stated  that  the  same  opti- 
mum or  favorable  acidity  of  the  solution  is  necessary  for  both 
(in  the  neighborhood  of  pH  7.0),  that  sodium  chloride  and  cal- 
cium chloride  exert  retarding,  inhibiting,  or  harmful  actions  on 
both  sets  of  phenomena,  calcium  chloride  much  more  so  than  so- 
dium chloride  for  corresponding  concentrations.  On  the  other 
hand,   in   the   tumor  transplants,   antagonistic  salt  action  was 

"  Sugiura,  K.,  Noyes  H.  M.,  and  Falk.  K.  G.,  J.  Cancer  Research,  1921, 
vi.  in  press 
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observed  with  sodium  chloride  and  calcium  chloi-idc,  while  in  the 
enzyme  actions  the  salt  effects  were  not  antagonistic  but  appeared 

to  be  additive. 

The  two  sets  of  actions,  although  paralleling  each  other  m  cer- 
tain respects,  are  evidently  to  be  ascribed  to  different  causes. 
With  the  tumor  transplants,  the  behaviors  are  connected  with  the 
actions  of  the  salts  on  the  cell  membranes  and  the  changes  m 
pcrmeabilitv  of  the  latter.  With  the  enzyme  actions,  the  effects 
appear  to  be  dependent  upon  a  more  direct  interaction  between 
the  salt  and  the  enzjTnically  active  molecule  or  grouping.  At  the 
same  time,  when  it  is  considered  that  growth  is  connected  with, 
and  possibly  dependent  upon,  enzyme  actions,  even  the  partial 
parallelism  of  the  harmful  effects  of  the  different  conditions  upon 
the  cell  membranes  and  upon  the  actions  of  the  enzymes  within 
the  cells,  is  of  interest  and  perhaps  of  some  significance. 

SUMMARY. 

The  proteolytic  actions  on  casein  and  on  peptone  of  extracts 
of  malignant  human  tumors  and  of  the  Flexner-Jobling  rat  car- 
cinoma were  studied  by  the  Van  Slyke  amino  nitrogen  and  the 
Sorensen  formol  methods  at  different  hydrogen  ,ion  concentra- 
tions, in  the  presence  of  a  number  of  neutral  salts,  for  various 
lengths  of  time,  and  with  various  concentrations  of  enzyme  and 
of  substrate. 

Similar  results  were  obtained  with  the  extracts  from  the  two 
sources.  Optimum  conditions  for  action  were  found  at  pH  7.0. 
The  general  actions  were  similar  to  those  of  other  protease  prep- 
arations and  could  be  formulated  similarly.  Tables  and  curves 
showing  the  retardations  exerted  by  various  neutral  salts  and  by 
mixtures  of  several  salts  are  given. 


STUDIES  OF  URINARY   ACIDITY. 
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(Received  for  publication,  April  7,  1922.) 

It  is  known  that  the  eating  of  most  fruits  leads  to  the  formation 
of  less  acid  urines  due  to  the  excess  of  base-forming  elements  in 
the  fruits.  The  organic  acids  contained  in  the  various  fruits  are 
oxidized  within  the  body  to  carbon  dioxide  and  water,  so  that 
the  net  result  to  the  organism  is  a  gain  in  base.  However,  fruits 
such  as  cranberries,  prunes,  and  plums,  which  contain  benzoic 
acid  or  its  precursors,  cause  the  production  of  more  acid  urines. 
This  result  is,  doubtless,  in  part  due  to  the  synthesis  of  hippuric 
acid  (Blatherwick,  1914). 

During  the  progress  of  a  study  of  the  neutrality  regulation  of 
cattle,  it  was  observed  that  a  cow  fed  large  amounts  of  corn  silage, 
a  product  with  an  excess  of  base-forming  elements,  excreted  an 
acid  urine  and  showed  a  reduction  in  the  plasma  carbon  dioxide- 
combining  power  (Blatherwick,  1920).  The  belief  was  then 
expressed  that  these  effects  were  probably  caused  by  the  incom- 
plete oxidation  of  the  contained  organic  acids.  The  organic 
acids  of  corn  silage  are  chiefly  racemic  lactic,  acetic,  and  butyric, 
(Dox  and  Neidig,  1912,  1913).  In  view  of  the  foregoing,  the 
question  arose  as  to  whether  the  tolerance  of  man  for  naturally 
occurring  fruit  acids  could  also  be  passed.  Orange  juice  was 
chosen  for  study  because  of  its  wide-spread  use,  and  owing  to 
the  observation  of  Newburgh  and  Marsh  (1920)  that  one  of  their 
diabetic  patients  succimibed  after  eating  a  bag  of  oranges. 
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Plan  of  Orange  Juice  Experiment. 

Two  healthy  vouiig  women  volunteered  as  subjects  for  this  study. 
Subject  O  was  giVen  a  uniform  basal  diet  of  the  following  composition; 
baked  potato,  260  gm.;  whole  milk,  440  gm.;  graham  crackers,  300  gm.; 
raw  apple,  150  gm.;  cheese,  25  gm.;  butter,  45  gm.;  and  egg,  65  gm.  The 
diet  of  Subject  L  was  similar  with  the  exception  that  she  ate  no  egg.  After 
4  days  on  this  basal  diet  the  effect  of  increasing  amounts  of  strained  orange 
juice  was  determined. 

Methods. 

The  following  analytical  methods  were  used;  pH,  Palmer, 
Salvesen,  and  Jackson  (1920-21);  organic  acids,  Van  Slyke  and 
Palmer  (1920);  ammonia,  Folin  and  BeU  (1917);  nitrogen,  Folin 
and  Wright  (1919);  and  CO.  capacity  of  plasma,  Van  Slyke  (1917). 

Discussion  of  Results  with  Orange  Juice. 

In  Table  I  are  shown  the  analytical  data  obtained  from  the 
the  urines  of  the  two  subjects  for  the  basal  and  experimental 
diets.  The  effects  on  the  urine  of  drinking  large  amounts  of 
orange  juice  are  the  following:  a  marked  increase  in  the  pH  value 
(less  acidity);  an  increased  excretion  of  organic  acids;  and  a 
marked  decrease  in  the  ammonia  output.  This  increase  in  the 
organic  acid  excretion  with  a  coincident  decrease  in  the  ammonia 
content  is  interesting  because  it  illustrates  an  exception  to  the 
general  rule  of  parallelism  of  these  two  factors.  The  explanation 
of  this  peculiar  result  is  probably  the  following:  a  certain  part  of 
the  citric  acid  escapes  oxidation  and  is  eliminated  in  the  urine  as 
citrate  and  thus  increases  the  titration  value  for  organic  acids, 
while  the  excess  of  base  in  the  orange  juice  is  sufficient  to  more 
than  balance  the  organic  acidity  and  to  cause  a  marked  depresssion 
in  the  ammonia  excretion.  The  values  given  by  Sherman  show 
that  the  ash  of  orange  juice  contains  an  excess  of  base  amounting 
to  4. .5  cc.  of  normal  solution  per  100  gm.  of  juice.  Therefore,  on 
the  last  experhnental  day,  the  value  for  excess  base  from  the 
orange  juice,  corresponded  with  1,080  cc.  of  normal  solution. 
Determination  of  the  organic  acid  content  of  orange  juice  by  the 
method  of  Van  Slyke  and  Palmer  indicated  a  concentration  of 
1.84  per  cent  citric  acid.  Of  this  amount,  59  per  cent  appeared 
to  be  present  as  the  free  acid  when  titrated  with  0.1  n  NaOH, 
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TABLE  I 
Composition  of  Urine,  and  Plasma  Carbon  Dioxide  Capacily. 


Date. 
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Remarks. 


Subject  0. 


wit 

cc. 

cc. 

am. 

gm. 

cc. 

Nov.    4 

875 

6.8 

507 

0.26 

7.79 

Basal  diet. 

"       5 

710 

6.8 

562 

0.26 

7.16 

it        ii 

"       6 

720 

6.6 

522 

0.25 

7.06 

<i        ti 

"       7 

720 

7.1 

599 

0.21 

7.09 

11              n 

"       8 

1,355 

7.1 

777 

0.19 

8.35 

63.3 

Basal  diet  +     600  cc. 

orange  juice. 

"       9 

1,750 

7.1 

647 

0.16 

7.35 

"  +1,200  " 

U                       It 

"     10 

2,290 

7.2 

914 

0.12 

7.56 

"  +1,800  " 

It              It 

"     11 

3,160 

7.4 

929 

0.13 

8.21 

"  +2,400  " 

It                it 

"     12 

62.4 

Subject  L. 


Nov.    4 

1,210 

6.4 

488 

0.21 

6.07 

Basal  diet. 

"      5 

780 

6.6 

498 

0.14 

5.27 

it        it 

"       6 

610 

6.9 

512 

0.13 

5.98 

it        it 

"       7 

905 

6.9 

494 

0.13 

6.20 

it        tt 

"       8 

1,700 

6.9 

585 

0.15 

6.29 

59.5 

Basal  diet  +     600  cc.  orange  juice. 

"       9 

2,250 

7.3 

699 

0.10 

5  67 

"        "  +1,200  "         " 

"     10 

2,830 

7.2 

844 

0.10 

5.94 

"        "  +1,800  "         " 

"     11 

2, 550 

7.4 

878 

0.07 

6.98 

"        "  +2,400  "         "           " 

"     12 

63.3 

67.2 

1  hour  after  drinking  800  cc.  orange 
juice. 

using  phenolphthalein  as  an  indicator.  Since  by  this  method) 
citric  acid  is  titrated  to  the  extent  of  about  90  per  cent,  the  true 
value  for  total  citric  acid  would  be  about  2.0  per  cent.  The  in- 
creased excretion  of  organic  acids  in  the  urines  of  the  last  day 
above  the  average  excretion  of  the  preliminai'y  period  amounted 
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to  382  and  380  cc.  of  0.1  n  acid.  Assuming  that  these  increases 
were  entirely  due  to  citric  acid,  an  escape  of  2.71  gm.  of  tins  acid 
into  the  urine  is  indicated.  Therefore,  approximately  6  per  cent 
of  the  ingested  citric  acid  appears  to  have  escaped  oxidation. 
Salant  and  Wise  (1916)  showed  that  after  hypodermic  injection 
of  sodium  citrate  in  rabbits  about  12  per  cent  was  excreted  m  the 
urine ;  with  cats  30  per  cent,  and  with  dogs  40  per  cent. 

Observations  of  the  plasma  carbon  dioxide  capacity  _  of 
Subject  0  showed  practically  no  change  as  the  result  of  drinking 
large  amounts  of  orange  juice.  However,  the  plasma  of  Subject 
L  gave  an  increase  from  59.5  cc.  before  the  orange  juice  period 
to  63.3  cc.  at  the  close.  On  November  12th,  this  subject  drank 
800  cc.  of  orange  juice  at  one  time.  Determinations  of  plasma 
CO2  capacity  showed  values  of  63.3  cc.  before  and  of  67.2  cc.  1 
hour  afterward. 

The  foregoing  results  seem  to  render  it  improbable  that  the 
ingestion  of  large  amounts  of  citrous  fruits  or  fruit  juices^  is 
capable  of  causing  the  production  of  an  acid  urine  by  overstepping 
the  organism's  abiUty  to  oxidize  the  organic  acid  or  acids  contained 
therein.  (The  results,  of  course,  do  not  apply  to  fruits  which 
yield  acids  other  than  citric  in  the  body.)  The  subjects  on  the 
last  day  each  drank  2,400  cc.  or  the  equivalent  of  about  24  large 
oranges,  containing  approximately  48  gm.  of  citric  acid.  One  may, 
therefore,  feel  secure  in  eating  unlimited  amounts  of  oranges 
without  fear  of  acidotic  effects. 

Lactic  Acid  Experiments. 

A  basal  diet  of  2  liters  of  whole  milk  and  340  gm.  of  soda  crackers  was 
selected.  This  diet  amply  satisfies  the  ordinary  requirements  and  is  one 
which  should  theoretically  yield  a  neutral  urine.  On  the  experimental 
days  2  liters  of  the  lactic  acid  milk  were  substituted  for  the  whole  mik. 
This  arrangement  permitted  a  constant  intake  of  the  ash  constituents 
throughout  the  experiment. 

In  addition  to  the  determinations  performed  in  the  citric  acid 
experiments,  phosphorus  was  determined  by  the  colorimetric 
method  of  Bell  and  Doisy  (1920). 

The  experimental  milk  was  prepared  by  inoculating  skimmed  milk 
with  a  lactic  acid-producing  culture  and  allowing  it  to  ferment  for  12  hours 
at  37°  C.     Such  milk  then  showed  an  organic  acid  content  of  approximately 
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2  per  cent,  expressed  as  lactic  acid,  as  determined  by  the  method  of  Kramer 
and  Greene  (1921).  The  product  at  this  point  was  full  of  large  clumps  of 
coagulated  material  which  were  next  thoroughly  broken  up.  Just  before 
serving  the  calculated  amount  of  cream  was  added  to  bring  the  fat  content 
to  that  of  whole  milk. 

RESULTS   AND    DISCUSSION. 

Reference  to  Table  II  shows  that  the  effects  upon  the  urine  of 
drinking  large  amounts  of  lactic  acid  milk  were:  a  marked  de- 
crease in  pH  (increased  acidity) ;  a  marked  increase  in  the  titratable 
acidity;  a  marked  increase  in  the  phosphorus  content;  a  significant 
increase  in  the  ammonia  output;  and  no  change  in  the  organic 
acidity.     Those  changes  occurred  in  both  subjects. 

Determinations  of  the  plasma  CO2  capacity  led  to  rather  variable 
results.  Subject  Ot.  experienced  no  decrease  in  plasma  CO2 
capacity  upon  changing  from  whole  milk  to  sour  milk  but  did 
show  a  marked  decrease  1  hour  after  drinking  500  cc.  of  the  acid 
milk.  On  the  other  hand,  Subject  01.  responded  with  a  decrease 
in  the  change  from  whole  milk  to  the  acid  milk  but  showed  no 
change  as  the  result  of  drinking  500  cc.  of  tliis  product.  All  in 
all,  these  findings  may  be  taken  as  evidence  that  the  ingestion  of 
such  large  amounts  of  lactic  acid  are  capable  of  reducing  the 
alkaline  reserve  by  the  entrance  of  the  acid  into  the  blood.  Our 
results  are  similar  to  those  recently  reported  by  Taistra  (1921) 
who  observed  a  decrease  in  plasma  CO2  capacity  and  an  increase 
in  the  titratable  acidity  of  the  urine  of  a  dog  which  was  fed  a 
meat  broth  containing  lactic  acid. 

The  mechanism  involved  in  the  production  of  the  increased 
acidity  of  the  urine  resulting  from  the  ingestion  of  lactic  acid  is 
very  interesting.  The  increased  output  of  acid  in  om-  experiments 
was  caused  by  an  augmented  excretion  of  acid  phosphate,  as 
indicated  by  simultaneous  increases  in  the  titrable  acidity  and  in 
the  phosphorus  content  of  the  urines.  None  of  the  increased 
acidity  was  due  to  the  organic  acid  fraction,  that  is,  the  lactic  acid 
was  completely  oxidized  or  retained.  The  entrance  of  lactic 
acid  into  the  blood  stream  seems  to  have  evoked  a  compensatory 
elimination  of  acid  phosphate  by  the  kidney.  The  increased 
acidity  of  the  urines  resulting  from  the  eating  of  fruits  containing 
benzoic  acid,  and  the  strongly  acid  urines  of  diabetic  patients  may 
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perhaps  be  produced  in  a  somewhat  analagous  manner.     Further 
study  along  these  Hnes  is  in  progress. 

T.\BLE  II. 
ComposUion  of  Urine,  and  Plasma  Carbon  Dioxide  Capacity. 
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2,040 

5.5 
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Before  drinking  500  cc. 
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6.7 
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5.6 
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26 
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5.9 
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27 
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66.2 


62.4 


62.4 


Whole  milk  diet. 

Acid  milk  diet. 

Whole  milk  diet. 
Before  drinking  500  cc. 

acid  milk. 
1    hour    after   drinking 

500  cc.  acid  milk. 
3  hours  after  drinking 

500   cc.  acid  milk. 


SUMMARY. 


The  drinking  of  large  amounts  of  orange  juice  resulted  in  the 
production  of  alkaline  urines,  an  increased  organic  acid  excretion. 
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and  a  decreased  ammonia  content  of  the  urines.  It  was  mpossible 
to  overreach  the  organism's  abihty  to  oxidize  the  contained  citric 
acid  even  though  the  amounts  drunk  in  1  day  were  the  equivalent 
of  about  48  gm.  of  acid. 

The  drinking  of  large  amounts  of  lactic  acid  milk  caused  the 
formation  of  strongly  acid  urines.  This  increased  acidity  was 
shown  to  be  due  to  the  excretion  of  increased  amounts  of  acid 
phosphate,  as  indicated  by  simultaneous  increases  in  titratable 
acidity  and  phosphorus.  The  lactic  acid  appeared  to  have  been 
completely  oxidized  or  retained,  as  there  was  no  change  in  the 
organic  acid  excretion. 
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The  fermentation  products  of  the  hexoses  usually  differ  from 
those  of  the  pentoses.  A  common  product,  such  as  lactic  acid,  is 
generally  produced  from  both  types  of  sugar,  but  the  difference 
usually  hes  in  the  other  major  products.  The  constancy  with 
which  lactic  acid  is  formed  from  such  different  compounds  as 
glucose  and  xylose  indicates  that  three  of  the  carbon  atoms  con- 
tained in  the  sugar  molecules  appear  as  lactic  acid,  while  the 
residuum  is  converted  into  a  two-  or  three-carbon  compound 
depending  upon  the  kind  of  sugar  and  the  type  of  organism  at- 
tacking it.  In  some  cases  this  residuum  is  transformed  into  such 
products  as  acetic  acid,  ethyl  alcohol,  and  carbon  dioxide,  singly 
or  in  pairs. 

A  cleavage  of  the  molecules  between  the  third  and  fourth  car- 
bon atoms  counting  from  the  alcohol  end  of  the  chain  is  indicated. 
The  basis  for  this  conclusion  rests  on  the  similarity  of  this  portion 
of  the  structural  formula  of  such  different  compounds  as  xylose, 
glucose,  fructose,  and  mannitol,  and  the  differences  that  obtain 
at  the  other  end  of  their  structural  formula;.  A  two-carbon 
residue,  an  aldehyde,  a  ketone,  or  an  alcohol  group  is  a  potent 
factor  in  the  determination  of  the  end-products  formed. 

Cleavage  along  certain  well  defined  lines,  and  constant  inter- 
mediate products  are  indicated  by  such  results.     By  a  quantitative 

*  This  work  was  in  part  supported  by  a  grant  from  the  special  research 
fund  of  the  University  of  Wisconsin. 

Published  with  the  approval  of  the  Director  of  the  Wisconsin  Agricul- 
tural Experiment  Station. 
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determination  of  the  end-products  of  fermentation  and  a  study 
of  these  data,  it  is  possible  that  some  rational  theory  such  as  exists 
for  the  action  of  yeast,  may  be  evolved  concerning  the  mechanics 
of  carbohydrate  fermentation  by  bacteria. 

In  previous  publications  (1,2)  we  have  described  the  end-products 
formed  from  hexoses  and  related  compomads  by  certain  pentose- 
fermenting  bacteria  which  were  designated  as  Lactobacillus  pen- 
toaceticus.  From  the  aldo-hexoses,  lactic  acid,  ethyl  alcohol,  and 
carbon  dioxide  arc  formed  approximately  in  the  proportions  re- 
quired by  the  equation: 

CHi^Oo  =  GsHeOs  +  C2H5OH  +  CO, 

From  fructose,  acetic  acid  is  formed  instead  of  ethyl  alcohol, 
and  as  a  corrolary  to  the  main  fermentation,  a  reduction  product, 
mannitol,  is  produced.  From  the  quantitative  data,  the  following 
equations  may  be  deduced  to  represent  the  fermentation  of 
fructose : 

(1)  CHisOe  +  HjO  =  CaHeOs  +  C2H4O2  +  CO2  +  2H, 

(2)  2C6H,2C6  +  2H2  =  2C6H14O6 

Two  products  of  fermentation,  carbon  dioxide  and  mannitol, 
are  the  most  distinctive  compounds  for  differentiating  Lactobacillus 
pentoaceticus  from  another  group  of  pentose-fermenters  which  have 
been  described  in  a  more  recent  publication  (3).  The  latter  form 
no  mannitol  and  produce  only  traces  of  carbon  dioxide.  Coinci- 
dent with  the  absence  of  carbon  dioxide  is  their  failure  to  produce 
ethyl  alcohol  or  acetic  acid  from  the  hexoses.  If  the  production 
of  ethyl  alcohol  and  carbon  dioxide  be  taken  as  indicative  of  the 
enzyme,  carboxylase,  the  first  group  of  bacteria  may  be  described 
as  carboxylase-positive  and  mannitol-forming,  and  the  second 
group  as  carboxylase-negative  and  non-mannitol-forming  organ- 
isms. 

The  members  of  the  second  group  are  in  general  somewhat  more 
vigorous  fermenters,  in  that  they  attack  a  greater  variety  of 
compounds,  and  destroy  a  larger  percentage  of  the  compound 
attacked.  They  are  less  sensitive  to  changes  in  the  reaction  of 
the  medium,  and  operate  through  a  wider  range  of  hydrogen  ion 
concentration.     The  first  group  is  inhibited  by  a  slight  alkalinity 
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while  the  second  is  able  to  grow  in  a  fairly  alkaline  solution.  The 
second  group  forms  lactic  acid  from  both  halves  of  the  sugar 
molecule,  while  the  first  group  converts  one-half  of  the  molecule 
to  ethyl  alcohol  (or  acetic  acid)  and  carbon  dioxide.  Lactic  acid 
represents  from  90  to  95  per  cent  of  the  sugar  consumed  by  the 
second  group,  and  accordingly  the  fermentation  of  the  hexoses 
may  be  represented  by  the  simple  equation 

CsHijOe  =  2C3H6O3 

The  disaccharide,  lactose,  and  the  trisaccharides,  raffinose  and 
melezitose,  are  fermented  to  the  same  end-product.  In  old  cul- 
tures it  is  probable  that  a  secondary  fermentation  of  the  lactic 
acid  ensues  with  the  production  of  acetic  acid,  traces  of  foi-mic, 
and  possibly  ethyl  alcohol  and  carbon  dioxide. 

The  formation  of  lactic  acid  as  the  sole  major  end-product  of 
fennentation  relates  these  bacteria  closely  to  the  group  of  milk 
organisms  designated  Streptococcus  lactis  Lister.  As  a  means  of 
comparison,  a  representative  of  this  group  has  been  included  in 
these  experiments.  A  distinctive  difference  between  the  two, 
however,  is  the  inability  of  the  Streptococcus  lactis  group  to  fer- 
ment pentoses,  which  is  the  most  conspicuous  property  of  the 
organisms  used  for  the  fermentations  discussed  in  this  paper. 

EXPERIMENTAL. 

The  kind  of  cidture  medium,  the  type  of  fermentation  flask, 
and  the  methods  of  analysis  for  the  different  fermentation  products 
have  been  described  in  previous  papers  (1) .  In  most  of  the  fermen- 
tations the  acids  formed  were  neutralized  by  the  addition  of 
sterilized  1.0  n  sodiimi  hydroxdde.  When  the  fermentable  sub- 
stance was  not  vigorously  attacked  as  in  the  case  of  lactose  and 
mannitol,  better  fermentation  was  obtained  by  keeping  the 
solutions  neutral  with  an  excess  of  calcium  carbonate.  The  im- 
proved results  are  no  doubt  due  to  a  more  favorable  hydrogen 
ion  concentration.  The  disadvantage  in  the  use  of  calcimu  car- 
bonate is  that  the  carbon  dioxide  evolved  by  the  bacteria  cannot 
be  determined  when  this  salt  is  added  to  the  medimii. 

Four  cultures  of  pentose-fermenting  bacteria,  Nos.  29,  124-2, 
102,  and  31,  and  a  strain  of  Streptococcus  lactis  have  been  used  in 
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this  work.  Cultures  102  and  31  are  of  especial  interest  because 
they  fcrniont  arabinose,  but  do  not  attack  xylose.  Cultures  29 
and  124-2  are  nuich  alike  in  their  fermentative  powers,  but  differ 
from  Cultures  102  and  31  in  that  they  are  unable  to  ferment  the 
trisaccharidc,  melczitose.  Streptococcus  lactis  ferments  neither 
melezitose  nor  raffinoso. 

Because  of  the  labor  involved  and  because  certain  of  the  sugars 
are  not  fermented,  complete  data  for  each  sugar  with  all  these 
bacteria  are  not  given.  It  was  decided  to  limit  the  fermentations 
to  glucose,  fructose,  lactose,  raffinose,  and  melezitose,  as  repre- 
sentative of  the  sugars,  and  to  mannitol  as  representative  of 
the  hexahydric  alcohols.  Since  the  sugars  used  furnish  all  the 
monosaccharides  obtained  from  maltose  and  sucrose  it  is  felt  that 
nothing  of  great  importance  would  have  been  obtained  by  including 
these  two  disaccharides. 

Fermentation  Products. 

The  weight  of  sugar  fermented,  the  quantity  of  products  formed, 
and  the  relation  of  these  products  to  the  sugar  consumed  are  given 
in  Table  I.  The  data  show  the  extensive  fermentation  of  all  the 
sugars,  practically  complete  in  many  cases  and  rarely  less  than 
80  per  cent.  As  a  rule  less  than  0.1  gm.  of  sugar  remained  un- 
fermented  and  sometimes  as  little  as  0.03  gm.  in  100  cc.  of  culture. 
As  judged  by  the  rate  of  acid  production,  Culture  124-2  was  per- 
haps the  most  vigorous  fermenter.  The  milk  organism  Strepto- 
coccus lactis  was  noticeably  slower  and  less  extensive  than  the 
pentose-fermenters;  from  0.1  to  0.4  gm.  of  sugar  remained  un- 
fermented  in  100  cc.  of  culture. 

Acids. — The  sugars  are  fermented  almost  quantitatively  to 
lactic  acid,  which  product  represents  from  90  to  95  per  cent  of  the 
sugar  consumed.  Volatile  acid  was  not  formed  from  the  mono- 
saccharides, but  appreciable  quantities  were  produced  from  lac- 
tose. Because  of  the  slow  rate  of  destruction  of  lactose,  the 
fermentations  were  allowed  to  continue  for  from  40  to  60  days. 
No  sugar  was  present  at  the  end  of  this  time,  and  it  is  probable 
that  the  bacteria  were  forced  to  use  lactic  acid  as  a  source  of 
energy.  In  the  case  of  Streptococcus  lactis  no  volatile  acid  was 
formed,  due  perhaps  to  the  presence  of  sugar;  0.297  gm.  remained 
even  after  44   days.     From   the   trisaccharides,    only   traces   of 
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volatile  acid  were  formed,  possibly  because  of  the  difficulty  witli 
which  these  sugars  are  attaclced,  and  as  a  consequence  some  of  the 
lactic  acid  is  converted  into  volatile  acid.  The  pi'oduction  of 
volatile  acids  from  lactic  acid  has  been  noted  by  several  investiga- 
tors (2,  4). 

TABLE  I. 
Total  Fermentation  Products  from  Sugars. 
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0.010 

1,641 
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31 

16 

li 

0.009 
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It  is  noteworthy  that  the  pentose-fermenters  and  the  milk 
organism  fermented  the  different  sugars  used  in  much  the  same 
way.  The  two  types  are,  however,  very  different  morphologically, 
and  in  their  ability  to  ferment  certain  carbohydrates;  the  pentose- 
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fermentcrs  attack  a  much  larger  number  of  compounds  than 
Streptococcus  lactis.  In  the  cases  where  both  ferment  a  given 
compound,  the  products  seem  to  be  ahke  and  in  about  the  same 
proportions.  Another  characteristic  difference  is  the  kind  of 
lactic  acid  formed.  The  inactive  form  of  lactic  acid  was  produced 
by  the  pentose-fermenters  while  Streptococcus  laciis  always  pro- 
duced the  active  form. 

Carbon.  Dioxide.^The  carbon  dioxide  is  too  small  to  represent 
a  direct  fermentation  product.  From  20  to  80  mg.  produced  by 
the  fermentation  of  approximately  2  gm.  of  sugar  can  scarcely  be 
regarded  as  a  fermentation  product.  It  is  more  reasonable  to 
assume  this  to  represent  the  respiration  of  the  cells.  It  may  be 
regarded  as  a  product  of  the  endogenous  metabolism  of  the  cells; 
i.e.,  the  catabolic  processes  of  cellular  tissue.  In  this  connection 
it  should  be  noted  that  the  amount  of  carbon  dioxide  produced 
from  the  pentoses,  xylose  and  arabinose,  by  these  organisms  is 
essentially  the  same  as  that  produced  from  the  hexoses  and  their 
related  compounds. 

Fermeniation  of  Mannitol. 

The  fermentation  of  mannitol  is  quite  different  from  that  of  the 
sugars.  These  are  either  aldehydes  or  ketones  while  mannitol 
is  an  alcohol.  No  alcohol  or  volatile  acid  was  obtained  from  the 
sugars  while  both  of  these  products  were  found  in  the  mannitol 
cultures.  In  every  case  ethyl  alcohol  was  formed  in  the  breaking 
down  of  mannitol,  and  in  some  of  the  fermentations  in  considerable 
amounts,  from  8  to  16  per  cent  of  the  total  end-products.  Vola- 
tile acids  which  later  will  be  shown  to  be  formic  and  acetic  were 
produced  by  all  of  the  bacteria  with  the  exception  of  -No.  102. 
As  in  the  case  of  alcohol,  the  volatile  acids  increase  with  the  age 
of  the  culture.  The  lactic  acid,  on  the  other  hand,  decreases  in 
the  older  cultures.  These  changes  suggest  a  secondary  fermenta- 
tion of  lactic  acid  to  alcohol, formic  acid, and  acetic  acid.  Maze  (4) 
has  shown  that  such  a  fermentation  is  possible.  More  recently 
Aubel  (5)  reported  these  same  products  in  the  fermentation  of  py- 
ruvic acid.  The  rather  difficult  fermentation  of  mannitol  forcing 
the  organism  to  attack  the  lactic  acid  lends  support  to  this  hypoth- 
esis. On  the  other  hand,  the  absence  of  alcohol  from  some  of 
the  sugar  fermentations  where  lactic  acid  was  apparently  destroyed 
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is  evidence  against  this  view.  A  dij'ect  relation  between  alcohol 
and  mannitol  appears  certain.  The  stereoi.someric  structure  of 
the  compounds  seems  to  determine  the  nature  of  the  end-products. 
An  alcohol  group  results  in  the  formation  of  ethyl  alcohol  while 
an  aldehyde  or  ketone  group  eventuates  into  lactic  acid. 

Certain  differences  in  the  fermentation  products  of  the  various 
bacteria  manifest  themselves.  The  pentose-fennenter,  No.  102, 
never  forms  volatile  acid  while  Streptococcus  lactis  forms  conspic- 
uously large  amounts.  Cultures  29  and  124-2  are  large  producers 
of  both  alcohol  and  volatile  acid.     The  data  are  given  in  Table  II. 

TABLE  II. 
Total  Fermentation  Products  from  Mannitol. 
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20 
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0.034 

Forms  of  Lactic  Acid  Produced. 

Many  investigators  (6)  have  determined  the  optical  form  of  lactic 
acid  produced  by  different  bacteria.  Levo,  dextro,  and  inactive 
forms  have  all  been  produced  by  pure  cultures.  Some  investiga- 
tors have  even  claimed  that  the  type  of  acid  produced  varies  with 
the  conditions  of  growth,  but  these  claims  rest  on  rather  doubtful 
evidence. 

In  all  of  our  work  on  pentose-fermenters,  only  inactive  lactic 
acid  has  been  found.     The  possibility  of  a  small  amount  of  an 
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active  form  has  been  considered  but  hitherto  no  attempt  has  been 
made  to  isolate  such  a  form.  To  determine  if  any  such  form  were 
present,  the  hictic  acid  obtained  from  glucose  was  subjected  to 
fractional  crystallization.  As  the  active  lactic  acid  is  more  soluble 
than  the  inactive  type,  fractional  crystallization  would  separate 
the  two  salts.  As  a  basis  for  comparison  and  as  a  check  on  the 
procedure,  the  lactic  acid  formed  by  Streptococcus  lactis  was  in- 
clvided  in  the  analysis. 

The  entire  quantity  of  lactic  acid  produced  by  each  culture  was 
converted  into  zinc  lactate  and  separated  into  three  fractions. 
The  different  fractions  were  analyzed  for  their  water  of  crystalli- 

TABLEin. 

Water  of  Cryslallizalion  of  Zinc  Lactates  Obtained  from  Glucose. 
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18.06 

18.1 

S.  lactis. 

1 

2.0970 

0.2682 

12.80 

12.8 

H                It 

2 

0.3084 

0.0396 

12.84 

12.8 

«          u 

3 

0.1284 

0.0160 

12.46 

12.8 

*  Crop  2  recrystallized. 

zation  to  determine  if  there  was  any  departure  from  the  theoretical 
amount.  If  both  active  and  inactive  zinc  lactate  were  present, 
the  inactive  form  would  come  out  mainly  in  the  first  crop 
while  the  active  form  would  appear  largely  in  the  last  crop.  No 
differences  in  the  water  of  crj^stallization  of  the  various  fractions 
occurred,  and  all  agreed  well  with  the  theoretical  value. 

The  pentose-fermenters  formed  inactive  lactic  acid  only,  and 
Streptococcus  lactis  produced  only  the  active  form.  The  weights 
of  zinc  lactate  and  the  loss  of  water  on  heating,  together  with  the 
percentage  of  water  of  crystallization  are  given  in  Table  III. 

The  water  of  crystallization  for  the  zinc  lactate  produced  from 
all  the  compounds  fermented  by  the  various  bacteria  are  given 
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in  Table  IV.  The  blank  spaces  are  due,  either  to  the  fact  that  a 
fermentation  was  not  made,  as  in  the  case  of  Streptococcus  lactis 
on  fructose,  or  because  the  particular  sugar  is  not  fennentable  by 
the  given  bacteria;  for  example,  Cultures  29  and  124-2  do  not 
attack  melezitose.  The  pentose-fermenters  produced  inactive 
lactic  acid  from  all  the  different  sugars  and  mannitol,  while  the 
lactic  acid  organism  from  milk  just  as  uniformly  produced  the 
active  enantiomorph. 

The  kind  of  active  lactic  acid  produced  by  Streptococcus  lactis 
was  ascertained  by  detennining  the  specific  rotation  of  the  zinc 

TABLE  IV. 

Forms  of  Lactic  Acid  Produced  as  Determined  by  the  Water  of  Crystallization 

of  Their  Zinc  Salts.* 


Source  of  lactic 
acid. 

Crop  No. 
of  salt. 

Culture  29. 

Culture 
124-2. 

Culture 
102. 

Culture  31. 

S.  laclis. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

Glucose. 

1 

18.1 

18.0 

18.0 

18.0 

12.80 

a 

2 

17.8 

17.5 

17.7 

17.7 

12.84 

u 

2a 

18.1 

18.2 

ti 

3 

18.1 

12.46 

Fructose. 

1 

18.1 

18.2 

18.1 

18.1 

Lactose. 

1 

18.0 

18.1 

18.1 

12.9 

Raffinose. 

1 

18.2 

18.2 

Melezitose. 

1 

18.0 

18.1 

It 

o 

17.9 

17.9 

Mannitol. 

1 

18.0 

18.2 

18.2 

13.1 

*  Inactive  zinc  lactate  contains  18.17  per  cent  and  active  zinc  lactate 
12.8  per  cent  water  of  crystallization. 

salts.  The  zinc  lactate  from  lactose  was  recrystallized,  and 
1.2366  gm.  of  the  anhydrous  salt  were  dissolved  in  30  cc.  of  water 
at  22°C.  The  rotation  produced  at  this  temperature  in  a  2  dm. 
tube  was  found  to  be  -1.83°  on  the  Ventzke  scale.  When  cal- 
culated to  the  corresponding  specific  rotation,  the  figure  -7.67 
was  obtained.  The  value  obtained  in  the  same  way  for  the  zinc 
lactate  from  the  fermentation  of  glucose  was  -7.63.  Hoppe- 
Seyler  and  Araki  (7),  with  comparable  concentrations  and  tempera- 
ture, found  active  zinc  lactate  to  possess  a  specific  rotation  of 
±7.522.  Since  the  rotation  of  the  zinc  salt  is  the  opposite  of  the 
free  acid,  it  is  evident  that  this  culture  of  Streptococcus  lactis 
produced  (i-lactic  acid. 
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Ideniificalion  of  Volatile  Acids  and  Alcohol— The  voiatiie  acid 
obtained  directly  from  the  culture  and  that  resulting  from  the 
oxidation  of  the  alcohol  were  subjected  to  a  Duclaux  distillation, 
and  the  distilling  constants  calculated  from  the  titration  data. 
The  constants  obtained  together  with  that  for  pure  acetic  acid, 
are  given  in  Table  V.  The  constants  for  the  acids  resulting  from 
the  oxidation  of  the  alcohol  from  mannitol  and  volatile  acid  from 
lactose  are  in  good  agreement  in  all  cases  with  that  for  acetic  acid, 
and  hence  indicate  that  ethyl  alcohol  and  acetic  acid  are  produced 
from  mannitol  and  lactose,  respectively.  The  constants  for  the 
volatile  acid  from  mannitol  lie  between  those  given  by  Duclaux 
for  acetic  and  formic  acids.  It  is  quite  evident  that  the  volatile 
acid  is  a  mixture.  Since  no  qualitative  tests  indicated  the  pres- 
ence of  propionic  acid,  it  was  assumed  that  the  mixture  consisted 
only  of  fomiic  and  acetic  acids.  From  the  distilling  constants 
the  percentages  of  the  two  acids  were  calculated  by  the  graphic 
method  of  Gillespie  and  Walters  (8)  and  are  probably  correct  to 
within  5  per  cent. 

The  results  were  found  to  be  as  follows: 


Culture  No. 

Formic  acid. 

Acetic  acid. 

29 
124-2 

S.  lactis. 

per  cent 

70 
61 
50 

per  cent 

30 
39 

50 

As  a  check  on  the  Duclaux  data,  the  percentage  of  foniiic  acid 
was  determined  by  Fincke's  method  (9).  An  immediate  and  heavy 
precipitation  of  mercurous  chloride  left  no  doubt  of  the  presence 
of  formic  acid.  The  data  are  given  in  Table  VI.  A  comparison 
of  the  percentages  of  formic  acid  found  by  the  two  methods  shows 
good  agreement  in  all  but  one  case.  There  can  be  no  question 
that  fomiic  and  acetic  acids  are  produced  in  the  fermentation  of 
mannitol  by  these  different  bacteria.  It  is  not  easy,  however, 
to  visualize  the  mechanics  of  this  f  emientation  whereby  lactic  acid 
is  the  major  product,  and  ethyl  alcohol,  formic  acid,  acetic  acid, 
and  possibly  small  quantities  of  carbon  dioxide,  and  even  hydrogen 
are  minor  products.  With  more  extensive  data  it  appears  prob- 
able that  correlative  processes  of  reduction  and  oxidation  will 
unfold  the  steps  in  the  fonnation  of  these  biochemical  products. 
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TABLE  VI. 
The  Formic  Acid  Content  of  the  Volatile  Acids  Produced  frojn  Mannitol. 


Culture  No. 

Total  acid  in 
aliquot  as  0  1  n. 

Weight  of  HgCl. 

Formic  acid 

equivalent  to 

HgCl. 

Percentage  of 

formic  in 
volatile  acid. 

29 

124-2 

S.  lactis. 

cc. 

23.6 
29  5 
23.5 

gm. 

0.6684 
0.8100 
0.5854 

gm. 

0.0652 

0.0790 
0.0571 

per  cent 

60.0 
59.0 

52.8 

SUMMARY. 

The  fermentation  products  formed  by  tliis  new  group  of  pen- 
tose-fermenters  from  glucose,  fructose,  lactose,  raffinose,  and 
melezitose  have  been  determined.  All  of  these  compounds  are 
converted  almost  quantitatively  into  lactic  acid.  The  lactic  acid 
represents  90  per  cent  or  more  of  the  sugar  fermented. 

Glucose  and  fructose  are  almost  entirely  destroyed;  in  most 
cases,  less  than  0.1  gm.  per  100  cc.  of  culture  remained  unfermented. 
Lactose,  raffinose,  and  melezitose  are  less  readily  fermented;  as 
much  as  0.3  gm.  per  100  cc.  of  culture  may  remain  unfermented 
after  40  da3^s.  In  08  days  all  the  sugar  has  been  destroyed  and 
a  secondary  fermentation  of  lactic  acid  begun.  Volatile  acid  is 
formed  in  these  old  cultures. 

Carbon  dioxide  is  produced  in  small  quantities,  from  0.01  to 
0.03  gm.  per  gm.  of  sugar  destroyed.  The  amount  is  too  small  to 
represent  a  direct  fermentation  product.  It  is  more  plausible  to 
regard  it  as  a  product  of  cell  respiration.  From  these  data  it  may 
be  concluded  that  the  bacteria  produce  no  carboxylase. 

The  influence  of  a  terminal  alcohol  group  is  manifested  in  the 
fermentation  of  mannitol.  Ethyl  alcohol,  formic  acid,  and  acetic 
acid  are  produced  in  addition  to  lactic  acid.  From  10  to  30  per 
cent  of  the  total  products  is  represented  by  these  three  compounds. 
It  is  suggested  that  these  products  are  the  result  of  correlative 
processes  of  reduction  and  oxidation. 

The  fermentation  products  of  Streptococcus  lactis  like  those  of 
the  pentose-fermenters  are  modified  by  the  structural  configura- 
tion of  the  fermented  compound. 

The  pentose-fermenters  produced  only  the  inactive  form  of 
lactic  acid  while  the  active  isomer  was  the  form  produced  bj^  the 
strain  of  Streptococcus  lactis.  Fractional  crj'stallization  failed  to 
show  any  mixtiu'e  of  the;  two  forms  in  any  case. 
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A  great  deal  of  research  has  been  performed  on  the  acetone  and 
butyl  alcohol  fermentation  of  maize,  potatoes,  horse-chestnuts,  and 
other  cereals  rich  in  starch,  in  which  various  organisms  of  the 
widely  distributed  Granulobader  type  have  been  employed.  No 
systematic  investigation  has  been  made,  however,  of  the  action 
of  this  type  of  organism  on  other  carbohydrates;  namely,  the 
various  sugars,  dextrins,  and  sugar  alcohols.  In  consequence,  at 
the  suggestion  of  Professor  Horace  B.  Speakman,  a  survey  of 
these  sources  of  carbon  has  been  made  with  a  freslily  isolated  soil 
organism.  It  was  hoped  that  such  an  investigation  would  throw 
some  light  upon  the  biochemistry  of  the  acetone  and  Ijutyl  alcohol 
fermentation  by  defining  exactly  which  carbon  compounds  can 
be  utihzed  by  the  organism. 

In  the  early  literature  are  found  reports  of  work  with  ^•arious 
sugars  but  these  are  mainly  concerned  with  the  determination  of 
end-products.  Beijerinck  (1)  employed  malt-wort  in  the  butyl 
alcohol  fermentation  by  means  of  Granulobacter  buiijlicum  and 
found  maltose  far  better  suited  to  the  fennentation  than  glucose. 
Perdrix  (2)  submitted  glucose,  saccharose,  and  lactose tofermenta- 
tion  by  an  organism  isolated  from  the  Seine  and  called  by  him 
"Bacillus  amylozyme."  The  fermentation  products  from  these 
sugars  were  acetic  and  butyric  acids,  hydrogen,  and  carbon  diox- 
ide, but  no  alcohols  were  formed.  These  latter  products,  how- 
ever,   were   produced   in   consideralile   quantities  from    starchy 

*  Portions  of  this  paper  were  presented  to  the  University  of  Toronto  in 
partial  fulfillment  of  the  requirements  for  the  degree  of  Master  of  Arts. 

This  work  was  in  part  supported  by  tlie  Atlas  Powder  Company  of 
Wilmington,  Delaware,  and  is  published  with  their  kind  consent. 
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materials.  Grimbert  (3),  on  the  other  hand,  in  working  with 
Bacillus  orthobutylicus,  studied  a  large  nmnber  of  carbohydrates, 
including  glycerol,  mannitol,  glucose,  invert  sugar,  saccharose, 
maltose,  lactose,  arabinose,  galactose,  starch,  dextrin,  and  inulin. 
This  investigator  was  interested  mainly  in  the  end-products  of 
the  fermentation  and  did  not  study  the  course  of  the  fermentation 
in  detail.  Later,  amylaceous  material  was  used  extensively  in  the 
manufacture  of  acetone  and  butyl  alcohol  by  this  fermentation 
process  (4,  5).  More  recently,  Speakman,  and  Reilly  and  co- 
workers (G,  7,  8)  have  studied  the  biochemistry  of  the  fermenta- 
tion of  starch  by  means  of  the  Weizmann  bacillus.  In  none  of 
this  later  work  has  the  fermentation  of  sugars  been  studied, 
hence  the  present  investigation  was  thought  advisable. 
In  this  work  the  following  carbohydrates  were  studied: 


Monosaccharides. 

Disaccharides. 

Trisaceharides. 

Polysaccharides. 

Xylose. 

Sucrose. 

EafEnose. 

Starch. 

Arabinose. 

.  Maltose. 

Melezitose. 

Dextrin. 

Glucose. 

Lactose. 

Inulin. 

Fructose. 

Melibiose. 

Mannose. 

Trehalose. 

Galactose. 

In  addition  the  two  alcohols,  glycerol  and  mannitol,  were  investi- 
gated. A  number  of  sugar  mixtures  also  were  submitted  to 
fermentation  in  order  to  study  the  behavior  of  the  organism  with 
respect  to  sugar  preference,  if  any  existed,  when  both  mono-  and 
disaccharides  were  offered.  In  these  following  experiments  as  in 
previous  work  (6),  the  course  of  the  fermentation  was  followed  by 
detemiinations  of  the  titratable  acidity  at  periodic  intervals. 
Sugar  detemiinations  were  likewise  made  thi-oughout  the  fer- 
mentation period  in  order  to  observe  the  progress  of  carbohydrate 
consumption  and  to  ascertain,  if  possible,  the  exact  method  by 
which  each  compound  was  utilized  by  the  organism. 

The  specific  organism  employed  in  the  fermentations  was  a 
pure  culture  of  a  Granulohacter  type  of  organism  originally  iso- 
lated from  a  sample  of  fresh  barley  which  was  grown  in  central 
Pennsylvania  during  the  summer  of  1919.  When  first  isolated, 
the  organism  gave  sluggish  fermentations.    However,  as  a  result 
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of  constant  cultivation  on  laboratory  media  for  nearly  3  years, 
an  exceedingly  hardy  strain  of  the  bacillus  has  been  produced. 
It  was  with  tMs  strain  that  the  present  fermentations  were 
performed. 

Bacteriological  Methods. 

Preparation  of  Media.— Aitev  experimenting  with  a  large  num- 
ber of  well  known  mineral  salt  solutions,  the  following  mixture 
was  adopted  as  being  the  best  suited  for  the  fermentations  at  hand: 

Monopotassium  phosphate 1  00  gm. 

Magnesium  sulfate 0-0 

Sodium  chloride 0.01 

Ferrous  sulfate 0.01 

Bacto-peptone ^00 

Distilled  water 1.000       cc. 

In  the  first  part  of  the  investigation  sugar  concentrations  of 
5  per  cent  were  used  but  later  it  was  discovered  that  more  com- 
plete fermentations  resulted  with  3  per  cent  solutions;  therefore, 
approxunately  this  concentration  was  used  in  the  subsequent 
experiments.  In  preparing  the  medium,  in  the  main,  750  cc.  of 
the  above  nutrient  solution  were  placed  in  a  liter  experimental 
flask.  These  flasks  were  specially  made  Pyrex  Erlenmeyers  pro- 
vided with  short  outlet  tubes  attached  about  an  inch  from  the 
bottom.  During  use  the  sampling  outlets  were  fitted  with  short 
pieces  of  good  rubber  tubing  closed  tightly  with  close-fitting 
screw-clamps.  The  weighed  amount  of  sugar  or  other  carbo- 
hydrate was  then  added  to  the  liquid  and  the  flask  shaken  until 
complete  solution  was  effected.  Thereafter,  two  12  cm.  filter 
papers  cut  in  1  cm.  strips,  were  added,  the  flask  was  plugged  well  with 
cotton  and  tied  over  with  waxed  paper  to  minimize  evaporation 
during  the  incubation  period.  The  addition  of  the  strips  of  filter 
paper  is  understood  when  it  is  recalled  that  the  organism  used  is 
essentially  an  anaerobe,  and  that  the  paper  provides  exceUent 
centers  for  the  formation  of  gas  bubbles,  which  soon  develop  at 
such  a  rapid  rate  that  very  shortly  all  of  the  oxygen  is  driven  out 
of  the  medium.  At  the  height  of  the  fermentation  the  paper  is 
completely  buoyed  up  to  the  surface  of  the  medium  in  the  form  of 
a  matted  head,  held  together  by  the  slime  formed,  and  supported 
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by  the  gas  bubbles.  Under  such  anaerobic  conditions  extremely 
active  fermentations  occur.  The  flask  of  medium  as  prepared 
above  is  then  sterilized  in  the  autoclave  at  5  pounds  pressui'e  for 
30  or  40  minutes. 

Inocuhtion  and  Incubation.— The  organism  used  is  an  anaerobic 
spore  former,  the  spores  of  which  are  heat-resistant.  Spore 
stocks  were  kept  on  hand  and  active  cultures  were  prepared  from 
these  in  maize  mash  tubes.  Cultures  24  hours  old  were  employed 
throughout,  and  approximately  the  same  proportion  of  culture 
was  used  for  the  various  flasks.  About  20  cc.  of  inoculum  were 
used  for  a  flask  containing  750  cc.  of  medium.  Tubes  and  flasks 
were  both  incubated  at  37°C.  which  is  the  optimum  temperature 
for  fermentation.  Before  removing  samples  for  analysis,  the 
contents  of  the  flasks  were  always  shaken  well  in  order  to  obtain 
even  distribution  of  head  and  clear  liquid. 

Sampling.— Suitahle  samples  were  periodically  removed  through 
the  side  outlet  tubes  by  opening  the  screw-clamps  and  allowing 
the  well  mixed  solution  to  run  into  a  graduate  cyhnder.  Usually 
50  cc.  were  taken  which  served  for  both  acidity  and  sugar  deter- 
minations. After  closing  the  clamp  tightly,  the  end  of  the  rubber 
tube  was  carefully  swabbed  out  with  cotton  soaked  in  saturated 
aqueous  carbolic  acid  solution.  The  opening  was  then  plugged 
with  a  fresh  saturated  swab.  With  this  technique  no  contamina- 
tion was  encountered. 

In  other  expcrunents  in  which  the  rarer  sugars  were  used, 
smaller  amounts  of  medium  were  prepared  in  ordinary  Erlen- 
meyer  flasks  of  various  sizes.  Samples  were  removed  from  these 
by  means  of  sterilized  pipettes. 

Chemical  Methods. 

Acidity. — Duplicate  10  cc.  samples  of  the  fermenting  medium 
were  titrated  directly  with  0.1  n  sodium  hydroxide,  using  phenol- 
phthalein  as  indicator. 

Sugar  Deierminations.— Two  10  cc.  portions  of  the  original 
sample  were  pipetted  into  two  15  cc.  centrifuge  tubes  and  to  each 
were  added  1  cc.  of  saturated  normal  lead  acetate  solution  and  2 
cc.  of  alumina  cream.  After  mixing  well  by  inverting  several 
times  the  tubes  were  whirled  in  a  centrifuge  for  5  minutes.  There- 
after 10  cc.  of  the  clear  supernatant  solution  were  pipetted  from 
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each  tube  and  transferred  to  a  100  cc.  volumetric  flask.  The  sugar 
solution  was  then  diluted  to  about  75  cc.  and  freed  from  lead  by 
adding  small  quantities  of  anhydrous  potassium  oxalate.  The 
volume  was  then  completed  to  the  mark,  the  solution  well  mixed, 
and  finally  filtered  through  a  dry  filter  into  a  dry  flask.  The 
perfectly  clear  colorless  solution  was  then  used  for  the  sugar 
detenninations. 

Determination  of  Reducing  Sugais. — Two  methods  were  em- 
ployed in  the  investigation  for  the  estimation  of  reducing  sugars. 
The  general  method  was  that  of  Brown,  Morris,  and  Millar  (9), 
which  is  a  carefully  standardized  modification  of  Fehling's  method. 
Standard  solutions  were  prepared  as  recommended  bj^  the  authors 
and  frequent  blanks  on  the  reagents  were  run,  due  account  thereof 
being  taken  in  all  calculations.  The  same  standard  apparatus 
for  heating,  reducing,  etc.,  was  used  throughout  the  investigation. 
It  was  found  that  this  gra\'imetric  method  jnelds  excellent  results 
and,  in  truth,  is  much  shnpler  to  carry  out  than  many  of  the  more 
recent  involved  volmnetric  methods. 

The  second  method  of  detennining  reducing  sugars  was  a 
standardized  modification  of  Barfoed's  method,  as  recommended 
by  Legrand  (10).  However,  in  it  we  employed  a  modified  reagent 
which  minimizes  the  hydrolysis  of  disaccharides,  instead  of  the 
original  Barfoed's  solution.  This  method  was  used  to  estimate 
monosaccharides  in  the  presence  of  reducing  disaccharides  such  as 
maltose,  lactose,  and  mehbiose;  and  it  was  found  with  careful 
control  to  give  fairly  accurate  results  which  were  sufficiently 
reliable  for  our  purpose.  The  new  Barfoed  reagent  was  prepared 
as  follows: 

Neutral  normal  copper  acetate 50  gm. 

Sodium  acetate 50    " 

Glacial  acetic  acid 5  cc. 

Distilled  water  to 1,000    " 

By  carefully  standardizing  the  procedure  good  results  were  se- 
cured with  known  mixtures,  and  it  was  found  that  under  the 
conditions  noted  below  neither  lactose  nor  maltose  jaelded  any 
cuprous  oxide  whatever  with  the  test.  The  procedure  followed 
was  as  given  below: 

A  special  reduction  vessel  was  made  from  a  smooth  thick-walled 
Pyrex  Erlenmeyer  flask  of  150  cc.  capacity  by  molding  a  lip  on 
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one  side  of  the  neck  so  as  to  facilitate  pouring  and  to  serve  as  the 
<.te>im  outlet.  A  cover  was  made  from  a  small  thistle  tube  by 
cutting  off  and  scaling  the  stem  about  f  of  an  inch  from  the  bowl. 
When  this  was  placed  in  the  neck  of  the  flask  only  a  small  aperture 
remained  at  the  lip  for  the  passage  of  steam  and  m  this  way 
excessive  loss  of  acetic  acid  was  prevented.  The  test  for  mono- 
saccharides was  performed  with  25  cc.  of  sugar  solution  and  25  cc. 
of  the  reagent.  An  ordinary  Bunsen  burner  was  used  for  the 
heating,  the  flame  being  closely  guarded  against  draughts  by  a 
shield.  Before  running  the  test  with  the  sample  the  flame  was 
carefully  adjusted  with  a  blank  solution  consisting  of  25  cc.  of 
Barfoed's  solution  and  25  cc.  of  water,  so  that  the  Hquid  reached 
the  boiling  point  in  exactly  3  minutes.  With  each  test  the  traie 
was  noted  and  brisk  boiling  was  allowed  to  proceed  for  exactly  3 
minutes,  at  the  end  of  which  time  the  cuprous  oxide  was  filtered 
off  immediately  and  washed  thoroughly  with  at  least  300  cc.  of 
boiling  water.  The  crucible  containing  the  oxide  was  next  dried 
for  2  hours  at  100°C.  in  a  hot  water  oven,  cooled  for  20  minutes  m 
a  desiccator,  and  weighed. 

It  was  found  that  glucose  yielded  approximately  1.61  times  as 
much  cuprous  oxide  with  Fehling's  solution  as  with  Barfoed's. 
This  factor,  however,  varies  with  the  concentration  of  sugar,  so 
its  application  is  limited.  However,  where  the  factor  has  been 
used  in  the  calculations  it  has  been  checked  by  determining  the 
copper  values  by  both  methods  of  known  solutions  containing 
approximately  the  same  concentrations  of  sugars  as  the  samples. 

EXPEHIMENTAL. 

The  carbohydrates  employed  were  either  Difco  or  Pfanstiehl 
preparations.  Usually  they  were  used  as  received  without  puri- 
fication but  in  some  cases  recrystallization  from  alcohol  of  various 
strengths  was  resorted  to  in  order  to  obtain  purer  products.  Such 
was  the  case  with  glucose,  maltose,  and  lactose. 

Fermentation  of  Monosaccharides. 

In  Table  I  are  given  the  acidity  and  sugar  data  of  the  fermenta- 
tion of  these  sugars.  It  is  noted  that  a  high  initial  acidity  occurs 
in  each  case,  due  to  the  use  of  the  particular  acid  medium  which 
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contains  dihydrogen  phosphate.  Examination  of  the  table  shows 
that  these  monosaccharides  fall  into  two  groups;  viz.,  Group  I 
consists  of  glucose,  fructose,  and  mannose;  and  Group  II,  xylose 
and  galactose.  The  sugars  of  Group  I  are  all  fermented  normally 
as  evidenced  by  the  rise  in  acidity  to  a  maximum,  followed  by  a 
decline  and  later  by  a  second  slight  increase  at  the  end  of  the 
fermentation.  These  changes  are  more  clearly  shown  in  Fig.  1. 
Here  it  is  also  seen  that  the  sugars  of  Group  II  behave  differently; 
the  galactose  curve  never  falls  after  once  reacliing  the 
maximum  point  of  6.2  cc.  In  a  somewhat  similar  manner  the 
xylose  acidity  reaches  a  very  high  maximum  and  falls  onlj'  a  very 

TABLE  I. 
Fermenlalion  of  Monosaccharides. 


After 

O.lNNaOH 

per  10  cc.  of  medium. 

Sugar  per 

100  cc.  of  medium. 

inocula- 
tion. 

Glu- 
cose. 

Fruc- 
tose. 

Man- 
nose. 

Galac- 
tose. 

Xylose. 

Glu- 
cose. 

Fruc- 
tose. 

Man- 
nose. 

Galac- 
tose. 

Xylose. 

hrs. 

cc. 

cc. 

cc. 

cc. 

cc. 

gm. 

gm. 

gm. 

gm. 

gm. 

0 

1.30 

1.12 

1.28 

0,91 

1.00 

3.82 

3.54 

2.76 

2.88 

2.55 

6 

1.90 

2.56 

2.02 

3.81 

3.39 

2.77 

24 

3  35 

3.88 

4.04 

2.82 

3.85 

2.85 

2.53 

2.23 

2.46 

2.03 

29 

2.97 

2.80 

4.42 

3.65 

4.38 

2.54 

2.08 

1.94 

48 

J.03 

2.73 

3.00 

6.14 

4.98 

1.62 

0.95 

1.05 

1.87 

1.58 

53 

3.11 

2.49 

6.18 

4.85 

1.44 

0.65 

1.50 

72 

2.63 

3.35 

2.34 

6.20 

4.51 

0.29 

0.39 

0.00 

1.85 

1.23 

96 

2.75 

0.00 

0.00 

120 

2.23 

3.87 

')cr  ccn 

100 

100 

100 

35 

52 

small  amount,  this  occurring  after  the  fermentation  has  practi- 
cally run  its  course. 

With  respect  to  the  percentages  of  sugar  fermented  there  is 
likewise  a  marked  difference  in  the  action  of  the  organism  on  these 
two  groups  of  sugars.  Whereas  with  glucose,  fructose,  and  man- 
nose  the  sugars  are  entirely  removed  from  the  medium,  with  the 
other  two  monosaccharides  incomplete  fermentations  occur. 
About  half  of  the  xylose  and  only  from  10  to  35  per  cent  of  the 
galactose  are  utilized.  In  Fig.  2  the  logarithms  of  the  sugar  con- 
centrations at  the  different  stages  of  the  various  fermentation 
periods  are  plotted,  thus  the  curves  indicate  the  different  rates  of 
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sugar  consumption.    We  see  that  in  the  first  stage  of  the  fennen- 
tation  in  each  case,  i.e.  the  stage  of  rapid  acid  formation  during  the 
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Fig.  1.    Acidity  curves  of  the  monosaccharide  fermentations. 
3.0 


Fig.  2.     Sugar  curves  of   the  monosaccharide  fermentations  showing 
the  different  rates  of  sugar  consumption. 

first  30  or  36  hours,  the  rates  of  fermentation  of  the  various  sugars 
are  practically  identical.     Beyond  this  stage  the  curves  show 
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striking  differences  and  the  sugars  again  fall  into  the  same  two 
groups.  It  is  interesting  to  call  to  mind  that  these  first  three 
sugars,  namely  glucose,  fructose,  and  mannose,  are  interconver- 
tible into  one  another  when  in  solution  in  the  presence  of  a  trace 
of  alkali,  through  the  formation  of  a  common  enolic  form.  Galac- 
tose, however,  does  not  enter  the  enolic  system  and  it  is  this  sugar 
which  does  not  ferment  normally.  The  action  of  our  organism  on 
these  particular  sugars  to  a  certain  extent  resembles  that  of  or- 
dinary yeast,  except  that  xylose  is  partially  fermented  in  the  pres- 
ent case.  In  this  connection  it  is  interesting  to  point  out  the 
difference  between  the  bacillus  here  studied  and  the  lactobacillus 
of  Peterson  and  Fred  (11),  which  ferments  glucose  and  galactose 
with  ecjual  ease  but  only  consumes  from  30  to  45  per  cent  of  man- 
nose  even  after  38  days  incubation. 

In  addition  to  the  above  fermentations  of  monosaccharides,  a 
few  small  ones  were  performed  with  the  pentose  sugar,  arabinose, 
and  with  the  methyl  pentose,  rhamnose.  The  former  sugar  is 
fermented  in  a  similar  manner  to  xylose.  Rhamnose,  however, 
is  not  attacked  at  all. 

Fermentation  of  Disaccharides. 

Sucrose,  Maltose,  and  Lactose. — We  shall  first  consider  the  com- 
moner sugars,  sucrose,  maltose,  and  lactose,  as  they  have  been 
investigated  in  greater  detail  than  the  rarer  disaccharides.  The 
results  of  these  fermentations  are  given  in  Table  II,  and  it  is 
readily  seen  that  all  of  these  sugars  ferment  normally  with  respect 
to  acidity  formation  and  sugar  consumption.  With  sucrose,  how- 
ever, it  is  observed  that  all  the  sugar  had  not  disappeared  within 
the  usual  time.  This  is  mainly  due  to  the  fact  that  a  much  more 
concentrated  medium  was  employed,  and  also,  owing  to  the  initial 
presence  of  invert  sugar,  to  a  delay  in  the  fennentation  of  the 
sucrose  itself.  These  phenomena  will  be  considered  in  more  de- 
tail when  the  fermentation  of  mixtures  of  carbohydrates  is  dis- 
cussed. Other  sucrose  experunents,  in  which  3  per  cent  sugar 
was  used,  have  shown  that  this  sugar  is  completely  fermented  but 
in  a  slightly  longer  tiiBe  whenever  an  appreciable  amount  of  invert 
sugar  is  present.  Upon  analyzing  the  fermented  sucrose  solution 
for  sugar  at  the  end  of  144  hours  fermentation,  there  was  found 
only  a  trace  of  reducing  material  pi-esent  after  hydrolysis  with 
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ackl.     All  three  of  the  common  disaccharides  are,  therefore,  com- 
pletely fermented. 

TABLE  II. 

Fermentation  of  Disaccharides. 


After 
inoculation. 


hra. 

0 
6 

24 
29 
48 
53 
72 
77 
96 


0.1  N  NaOH  per  10  ec.  of  medium. 


Sucrose. 


1.02 
1.81 
4.93 
4.75 
2.31 
2  43 
2.96 
3.08 


Maltose. 


cc. 

1.00 
1.22 
5.14 
5.43 
2.91 
3.10 
3.19 


Lactose. 


Sugar  per  100  CO.  of  medium. 


Sucrose. 


Invert 
sugar. 


0.94 
1.68 
4  36 
4.68 
4,04 

2.92 

2.35 


gm. 

0.258 
0.201 
0.000 


Sucrose. 


gm. 
4.46 

4.22 
3.91 
3.52 
2.57 
2.30 
1.46 
1.31 


Maltose. 


am 

2.99 
2.78 
1.15 


Lactose. 


gm. 
2.74 
2.71 

2.21 


1  07 

2.05 

0.34 

1.47 

0  32 

0  00 

0.51 

0.00 

100 


100 


Sugar  fermented,  per  cent 

*  A  trace  of  sucrose  remained  after  144  hours  of  fermentation. 
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Fig.  3.     Acidity  curves  of  the  disaccharide  fermentations. 


Fig.  3  shows  the  acidity  changes  which  take  place  during  the 
fermentation  of  these  sugars.  There  is  great  similarity  between 
the  acidity  curves  of  sucrose  and  maltose.     Although  the  acidity 
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of  the  latter  sugar  reaches  a  higher  maximum,  the  falls  in  each 
case  are  parallel  and  of  approximately  equal  amounts.  The  lac- 
tose acidity  curve,  on  the  other  hand,  differs  from  these  some- 
what, it  being  more  drawn  out  with  a  less  rapid  fall  after  the 
maximum  is  reached. 

Passing  now  to  the  sugar  curves  as  plotted  in  Fig.  4,  we  find 
that  sucrose  and  lactose  ferment  at  approximately  the  same  rate, 
whereas  maltose  is  attacked  much  more  rapidly.  Furthermore, 
starting  with  practically  equal  concentrations  of  maltose  and 
lactose,  the  sugar  in  the  former  flask  is  completely  consmned  fully 
24  hours  sooner  than  that  in  the  latter.     With  respect  to  the 
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Fig.  4.     Sugar  curves  of  the  disaccharide  fermentations  showing  the 
different  rates  of  sugar  consumption. 

fermentation  of  sucrose  it  should  be  mentioned  that  after  the 
initial  reducing  sugar,  present  in  the  medimn  as  a  result  of  steri- 
lization, had  disappeared  during  the  first  few  hours,  at  no  time  was 
any  invert  sugar  observed  during  the  whole  fermentation  period. 
Further  consideration  of  this  fact  will  be  made  later  in  this  paper. 
Melibiose  and  Trehalose. — In  addition  to  the  above  conunon 
disaccharides  small  expermients  were  made  with  the  two  rare 
sugars,  trehalose  and  melibiose.  Trehalose  failed  to  show  the 
least  sign  of  fermentation  even  after  2  weeks  incubation,  conse- 
quently it  was  concluded  that  the  butyl  bacillus  is  unable  to  split 
this   sugar.     Hence   the   organism    docs  not   contain   trehalase. 
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This  enzyme  is  contained,  however,  in  certain  fungi,  especially 
Ammtlus  niger,  and  many  species  of  yeast,  but  accordmg  to 
I  af'ir'  no  definite  proof  of  its  existence  in  bacteria  has  been 
brought  forth.  Fischer  (12)  contended  that  trehalase  was  identi- 
cal with  maltase  but  this  is  scarcely  likely  since  the  butyl  organ- 
ism here  studied  contains  maltase  but  still  does  not  hydrolyze 

trehalose.  j-       .     xu 

A  small  quantity  of  melibiose  was  prepared  according  to  the 
method  of  Bau  (13),  bv  hydrolyzing  raffinose  with  2  per  cent 
acetic  acid  and  femienting  out  the  fructose  from  the  resulting 
mixture  by  means  of  a  pure  culture  of  top  yeast.  After  purifica- 
tion with  vegetable  carbon,  the  remaining  sugar  solution,  after 
adding  the  usual  mineral  salts  and  peptone,  was  inoculated  with 
a  butyl  culture.  For  the  first  10  hours  active  gassing  occurred, 
but  after  this  time  the  fennentation  gradually  subsided  until  at 
2-i  hours  no  gas  whatever  was  being  evolved.  The  rise  in  acidity 
only  amounted  to  0.25  cc.  of  0.1  n  acid  and  the  reducing  sugars 
had  only  decreased  a  very  small  amount.  The  flask,  however, 
was  kept  in  the  incubator  for  over  a  week  but  still  no  indication  of 
a  revived  fermentation  was  observed,  hence  it  was  concluded  that 
the  initial  gas  production  was  due  to  the  inoculmn  and  to  the 
destruction  of  the  small  amount  of  fructose  left  in  the  solution  by 
the  yeast.  It  is  therefore  concluded  that  melibiose  alone  is  not 
fermented  by  the  butyl  bacillus. 

Fermentation  of  Sugar  Mixtures. 

This  series  of  experiments  in  which  glucose  was  used  in  con- 
junction with  other  sugars  was  performed,  first,  for  the  purpose 
of  finding  out  whether  the  butyl  bacillus  exhibited  any  preference 
for  the  simpler  sugars,  and  secondly,  for  the  purpose  of  deter- 
mining whether  in  mixtures  either  sugar  exerted  any  influence 
upon  the  fermentation  of  the  other.  The  experiments  were  sug- 
gested by  the  peculiar  behavior  of  the  sucrose  fermentation  in  the 
presence  of  an  appreciable  amount  of  invert  sugar. 

Glucose-Sucrose  Mixture.— A  sugar  mixture  consisting  of  30  gm. 
of  sucrose  and  20  gm.  per  liter  of  medium  was  prepared  and  hi- 
oculated.  The  coui-se  of  the  fennentation wasfollowedbytheacid- 
ity  readings  and  the  consumption  of  the  individual  sugars  was 
followed  by  periodic  reducing  sugar  determinations  both  before  and 
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after  inversion.  An  active  fermentation  ensued  immediately,  the 
acidity  attaining  a  maximum  in  about  30 hours.  This  was  followed 
by  the  characteristic  fall,  and  later  by  a  marked  rise  which  sug- 
gests a  secondary  femientation.  In  Table  III  are  given  the  results 
of  this  experiment  as  well  as  those  of  the  maltose  and  lactose  mix- 
ture fermentations  which  will  be  considered  later.  The  sugar  table 
of  the  glucose-sucrose  experiment  very  clearly  indicates  that  a 

TABLE  III. 
Fermentation  of  Sugar  Mixtures. 


0.1  N  NaOH  per 

10  cc. 

Sugar 

per  100  cc. 

of  medium. 

0 

f  medium 

Glucose 

plus 

After 

Glucose  plus 

inocula- 

Sucrose. 

Maltose. 

Lact 

tion. 

Sucrose. 

Maltose. 

Lactose. 

ose. 

Glu- 

Lac 

Glucose. 

Sucrose. 

Glucose. 

tose. 

cose. 

tose. 

hrs. 

cc. 

cc. 

cc. 

gnn. 

gm. 

gm. 

gm. 

gm. 

gm. 

0 

0.96 

0.99 

0  97 

2.08 

2.65 

0  68 

2.30 

0.68 

2.19 

6 

1.92 

1.39 

(At  2( 

hrs.) 

0  53 

2.17 

12 

4.18 

3.44 

1.70 

2.65 

0.21 

1  59 

0.25 

24 

3.70 

4  83 

4.88 

1.63 
(At  44 

2.64 
hrs.) 

0.13 

0,85 

0.00 

2.22* 

29 

4.20 

4.22 

5.10 

1.34 

2.64 

0  00 

0.63 

48 

3.13 

2.96 

4.16 

1.24 

2.54 

0.00 

0.25 

0  00 

1  59 

68 

0.37 

2.59 

72 

3.12 

2.96 

2.66 

0.23 

2.62 

0  00 

0.00 

0  00 

0.14 

96 

2.35 

0  00 

116 

3.19 

0  00 

2.28 

120 

0.00 

140 

3.66 

0.00 

1.82 

214 

0.00 

Trace. 

*  High  vahie  clue  to  error  in  the  detennination. 

marked  preference  is  shown  by  the  bacillus  for  glucose  as  com- 
pared with  sucrose  when  the  two  sugars  are  present  in  the  medium. 
We  see  that  72  hours  were  required  for  the  removal  of  the  glucose 
and  that  during  that  time  no  sucrose  was  utilized.  After  this 
occurred  there  was  a  gradual  destruction  of  sucrose  until  it  was 
all  consimied.  During  this  secondary  fermentation  there  was  no 
observable   invert  sugar  present  in  the  medium.     This   either 
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means  that  there  is  no  exocellular  sucrase  or  else  that  the  invert 
sugar  if  formed,  is  destroyed  as  rapidly  as  it  is  produced.  This 
point  will  be  considered  later  in  the  paper.  The  data  from  this 
intt^resting  experiment  are  plotted  in  Fig.  5  which  shows  very 
clearly  how  the  sucrose  persists  until  after  the  glucose  has  dis- 
appeared. Owing  to  lack  of  space  the  complete  sucrose  and 
acidity  curves  are  not  shown,  nevertheless  the  details  are  given 
in  the  table.  Normally  the  femientation  of  glucose  or  sucrose 
requires  about  3  or  4  days  but  this  douljle  fermentation  lasted  for 

fuUv  9  days. 

Glucose-Maltose   Mixture— This  fermentation  was   performed 
similarly  to  the  one  just  described  except  that  a  lower  concentra- 
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Fig.  5.  Acidity  and  sugar  curves  of  the  fermentation  of  a  glucose- 
sucrose  mixture. 

tion  of  total  sugar  and  a  somewhat  different  ratio  of  glucose  to 
maltose  were  employed.  The  mixture  consisted  of  18  gm.  of 
recrystallized  maltose  and  4.5  gm.  of  purified  glucose  dissolved  in 
750  cc.  of  nutrient  solution.  After  inoculation  the  course  of  the 
fermentation  was  followed  as  before.  However,  in  the  present 
case,  since  maltose  is  a  reducing  sugar,  it  became  necessary  to 
employ  Barfoed's  method  for  the  determination  of  the  glucose  in 
the  mixture. 

The  acidity,  as  shown  in  Table  III,  rises  very  rapidly  and  then 
falls  as  in  a  typical  pure  maltose  femientation,  differing  in  this 
respect  from  the  glucose-sucrose  mixture  which  gave  a  curve 
similar  to  that  of  a  pure  glucose  fermentation.     Also  the  sugar 
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data  show  that  the  amount  of  maltose  starts  to  diminish  at  the 
very  beginning  as  does  also  the  glucose.  However,  since  glucose 
is  present  in  lower  concentration  it  is  consumed  sooner  than  the 
maltose,  but  the  rates  of  fermentation  are  approximately  the 
same.  Fig.  6  shows  the  sugar  and  acidity  curves  of  the  experi- 
ment. It  is  observed  that  these  represent  an  entirely  different 
type  of  fermentation  than  the  one  pre\nously  described.  The 
organism  does  not  show  any  preference  for  glucose  or  maltose. 
The  question  therefore  arises:  Does  the  butyl  bacillus  utiUze  the 
more  complex  maltose  as  such  in  the  same  way  that  it  does  the 
glucose,  or  is  there  an  active  maltase  formed  which  immediately 


Fig.  6.     Acidity  and  sugar  curves  of  the  fermentation  of  a  glucose- 
maltose  mixture. 

attacks  the  maltose,  hydrolyzing  it  into  the  simpler  glucose  which 
is  then  in  turn  fermented?  Tliis  question  will  be  considered  later. 
Glucose-Lactose  Mixture.— A  mixture  of  4.5  gm.  of  pure  glucose 
and  18  gm.  of  lactose  was  fermented  in  a  manner  similar  to  the 
two  mixtures  just  considered.  The  data  given  in  Table  III  in- 
dicate that  this  fermentation  resembles  the  glucose-sucrose  fer- 
mentation in  that  the  disaccharide  is  not  fermented  until  the  last 
trace  of  glucose  has  disappeared.  After  this  has  taken  place, 
the  lactose  is  then  gradually  utiUzed  until  at  96  hours  no  more 
sugar  remains  in  the  medium.  The  short  tune  in  which  the 
fermentation  was  completed  was  due  in  part  to  the  lower  con- 
centration of  sugars  employed. 
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Glucosc-Galactose  Mixture.— Having  observed  in  the  experi- 
meiits  with  the  monosaccharides  that  glucose  is  completely  fer- 
mented and  that  galactose  is  less  than  a  third  destroyed,  and  also 
in  the  lactose  experiments  that  this  sugar  is  completely  fermented, 
quite  likely  after  hydrolysis,  it  seemed  possible  that  the  presence 
of  a  readily  fermented  sugar,  such  a  glucose  might  exert  some 
accelerating  influence  upon  the  fermentation  of  galactose.  If 
lactose  is  hydrolyzed  it  follows  that  this  would  result  in  fur- 
nishing the  organism  with  a  mixture  of  equal  parts  of  glucose  and 
galactose.  Furthermore,  since  we  find  no  trace  of  sugar  at  the 
end  of  the  fermentation  we  must  conclude  that  both  these  sugars 
are  completely  fermented  under  these  conditions.  From  this  it 
would  seem  that  glucose  does  exert  some  beneficial  influence  upon 
the  action  of  the  organism  on  the  difficultly  fermentable  galactose. 
In  order  to  discover  whether  such  is  actually  the  case  the  following 
experiment  was  devised: 

In  each  of  three  experimental  flasks  were  placed  750  cc.  of 
nutrient  solution  and  to  the  first  were  added  20  gm.  of  glucose,  to 
the  second  20  gm.  of  galactose,  and  to  the  third  10  gm.  of  each  of 
these  two  sugars.     After  sterilization  the  flasks  were  inoculated 
with  similar  cultures.     Acidity  readings  were  made  at  regular 
intervals  during  the  fermentations  but  sugar  detenninations  were 
made  only  at  the  start  and  at  the  finish.     The  data  of  these  ex- 
periments are  given  in  Table  IV.     The  glucose  and  galactose 
fermentations  were  of  the  same  type  as  pre\-iously  described,  that 
is,  the  acidity  of  the  former  rose  to  a  maximmu  and  then  fell 
while  that  of  the  latter  maintained  its  high  value  throughout  the 
course  of  the  fermentation.     However,  the  data  of  the  mixed 
fermentation  show  interesting  differences.     In  the  first  place  the 
acidity  is  seen  to  rise  sharply  until  a  high  value  is  reached,  wliich 
is  followed  by  a  fall  as  in  a  pure  glucose  fermentation.     Later  a 
second  rise  is  noted  until  a  second  high  value  is  attained,  which 
is  considerably  higher  than  the  first.     This  acidity  is  then  main- 
tained as  in  a  pure  galactose  fermentation.     Considering  only  the 
acidity  curves,  which  are  plotted  in  Fig.  7,  one  can  see  that  the 
mixed  fennentation  consists  of  two  separate  and  distinct  fer- 
mentations, one  displaying  the  characteristics  of  a  pure  glucose 
fermentation  and  the  other  exhibiting  those  of  a  pure  galactose 
fermentation.     The  first  fennentation  is  finished  in  the  first  36 
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hours  and  the  second  is  practically  complete  in  a  further  similar 
period. 

TABLE  IV. 
Fermentation  of  Glucose,  Galactose,  and  a  Glucose-Galactose  Mixture. 


0  1  N  NaOH  per  10  cc.  of  medium. 

Sugar  per  100  cc.  of  medium. 

AitOT 
inoculation. 

Glucose. 

Galactose. 

Ratio  1:1. 
Glucose- 
galactose. 

Glucose. 

Galactose. 

Ratio  1:1. 
Glucose-galactose. 

hra. 

cc. 

cc. 

cc. 

gm. 

gm. 

gm. 

0 

1.01 

1.02 

0.95 

2.54 

2.08 

2.31 

6 

1.59 

1.59 

1.82 

11 

3.45 

3.36 

3.72 

24 

4.12 

5.19 

4.18 

30 

3.74 

5.48 

3.54 

48 

2.81 

5.92 

3.88 

72 

2.53 

6.02 

4.92 

96 

2.55 

6.04 

4.91 

0.00 

1.97 

0.55 

Sugar  f 

ermented 

per  cent. 

100 

10 

(Glucose...  100 
\Galactose..  47 

36  48  60 

Houra 

Fig.  7.     Curves  showing  the  comparison  between  the  pure  glucose,  the 
pure  galactose,  and  the  mixed  glucose-galactose  fermentations. 

We  find  that  the  total  reducing  sugar  value  has  fallen  from  an 
initial  concentration  of  2.31  gm.  per  100  cc.  to  a  concentration  of 
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0  55  pn.  por  100  cc.  (calclatod  as  galactose).  This  shows  a 
total  loss  of  sugar  of  about  76  per  cent.  However,  upon  testing 
the  resulting  Ijcer  of  the  fermentation  with  the  osazone  test,  using 
phenvlhvdrazine  hyclroehlori.lc  and  sodium  acetate,  no  glucosa- 
zone\vas  detected,  but  large  <iuantities  of  galactosazone  were 
obtained.  Assuming,  therefore,  that  all  of  the  glucose  had  dis^ip- 
peared  from  the  mediuni,  we  find  that  a  little  over  half  of  the 
galactose  was  fermented  whereas  with  the  pure  galactose  fermen- 
tation only  about  10  per  cent  was  consumed. 

Fermentation  of  Trisaccharides. 

Rnfinose.— The  trisaccharide,  raffinose,  is  completely  fermented 
by  bottom  yeast  owing  to  the  presence  of  both  invertase  and 
melibiase.  Top  yeast,  on  the  other  hand,  only  partially  ferments 
it,  leaving  as  a  residue  the  disaccharide,  melibiose,  because  of  the 
fact  that  these  particular  types  of  yeast  do  not  contain  the  enzjTne, 
melibiase.  A  number  of  molds  and  bacteria  also  ferment  this 
trisaccharide,  either  partially  or  completely. 

The  medium  for  the  raffinose  fermentation  was  prepared  by 
dissolving  9  gm.  of  the  sugar  in  350  cc.  of  nutrient  solution  and 
sterilizing  at  5  pounds  pressure  for  half  an  hour.  After  inocula- 
tion periodic  samples  were  withdrawn  by  means  of  sterilized 
pipettes.  These  portions  were  analyzed  for  acidity,  monosac- 
charides, and  disaccharides.  Use  was  made  of  both  the  Barfoed 
and  the  Brown,  Morris,  and  Millar  methods.  By  studying  the 
acidity  data  given  in  Table  V,  it  is  observed  that  an  abnormal 
fermentation  takes  place  which  is  ahnost  identical  with  that  of 
the  galactose  experiments.  The  initial  rise  in  acidity,  however, 
is  much  slower  in  the  case  of  raffinose  and  it  reaches  a  lower 
maximum.     Fig.  8  shows  the  curve  based  on  these  acidity  data. 

We  will  now  consider  the  possible  ways  in  which  this  trisac- 
charide can  be  attacked  by  any  fermenting  mechanism.  Eaffi- 
nose  is  composed  of  three  monosaccharide  molecules;  namely, 
glucose,  fructose,  and  galactose.  Different  enzymes  have  dif- 
ferent actions  upon  the  sugar,  splitting  it  in  different  ways.  There 
arc,  therefore,  four  possible  ways  Ijy  which  raffinose  can  be  at- 
tacked: namely,  fennented  (1)  directly  without  preliminary 
hydrolysis;  (2)  after  complete  hydrolysis  by  the  enzyme,  raffinase; 
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(3)  after  the  complete  hydrolysis  by  the  two  enzymes  emulsin  and 
sucrase;   and   (4)   after  partial  hydrolysis  by  sucrase,   yielding 

TABLE  V. 
Acidities  of  the  Raijinose,  Dextrin,  and  Starch  Fermentations. 


0.1  N  NaOH  per  10  cc.  of  medium. 

After 
inoculation. 

RafEnose. 

Dextrin. 

Starch. 

Acid 
hydiolyzed. 

Amylase 
hydrolyzed. 

hra. 

cc. 

cc. 

cc. 

cc. 

0 

0.91 

1.02 

1.09 

0.91 

6 

1.53 

1.40 

1,68 

1,78 

24 

3.02 

4.38 

4.57 

4,54 

29 

3.32 

4.77 

4.93 

4.50 

48 

4.17 

5.01 

4.32 

3.23 

53 

4.38 

4.96 

4.24 

3  09 

72 

4.58 

5.16 

3.74 

3.20 

96 

5.08 

3.47 

120 

4.62 

TABLE  VI. 
Sxigar  Data  of  the  Raffinose,   Dextrin,  and  Starch   Fermentations. 


Sugar  per  100  cc.  of  medium. 

After 

Raffi 

nose. 

Dextrin. 

inoculation. 

Starch. 

Fructose. 

Melibiose. 

Acid 
hydrolyzed. 

Amylase 
hydrolyzed. 

hra. 

gm. 

gm. 

gm. 

gm. 

ym. 

0 

0.00 

0,00 

0,00 

0.078 

0,00 

6 

0.00 

0,00 

0,091 

0.083 

0.18 

24 

0,141 

0.208 

0.312 

0.66 

29 

0.294 

0.71 

48 

0.361 

0.368 

0.104 

0.156 

0.74 

53 

0.406 

0.356 

0.72 

72 

0.450 

0,382 

0.109 

0.052 

0.47 

84 

0.25 

fructose  and  melibiose.  Of  these  four  possible  methods  of  attack, 
the  first  would  appear  to  be  highly  improbable  when  we  consider 
the  method  by  which  the  disaccharides  are  utilized.     The  data 
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given  in  Table  MI  eliminates  the  second  possible  method  because 
the  presence  of  a  disaccharidc  is  clearly  indicated  by  the  wide 
dilTerences  between  the  successive  Barfoed  and  Fehlmg  values  of 
the  fermenting  solution.  To  confirm  this  a  mixture  of  equal  pro- 
portions of  glucose,  fructose,  and  galactose,  which  by  the  way 
would  result  in  case  raffinose  was  completely  hydrolyzed  by 
raffinase  was  tested  for  reducing  values  by  both  methods  and  m 
no  case  gave  such  wide  differences.  It  is,  therefore,  quite  evident 
that  some  sugar  is  fomied  during  the  femientation  winch  reduces 
Fchling's  solution  and  does  not  reduce  Barfoed's.  This  fact  also 
eliminates  Method  3,  otherwise  sucrose,  a  non-reducmg  sugar, 


Fig.  8.    Acidity  and  sugar  curves  of  the  raffinose  fermentation. 

would  first  form  and  then  be  split  up  by  sucrase  which  is  known  to 
be  present.  It  follows,  therefore,  that  the  butyl  organism  studied 
attacks  raffinose  by  Method  4;  that  is,  by  splitting  it  into  fructose 
and  melibiosc  by  means  of  sucrase. 

In  order  to  confirm  this  fact  the  osazone  test  was  again  resorted 
to  for  demonstration  of  the  presence  of  mehbiose  and  fructose  in 
the  fermented  residue.  Two  osazones  were  prepared  which  after 
fractionation  and  repeated  recrystallization  from  boiling  water 
and  50  per  cent  alcohol,  proved  to  be  those  of  mehbiose  and  fruc- 
tose. The  inelibiosazone  ciystallized  in  fine,  delicate  medallions, 
having  sharp  saber-like  points  radiating  from  the  center.  These 
crystals  melted  from  180-182°C.  which  agrees  closely  to  Browne's 
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(14)  figure  of  179°  for  melibiosazone.  The  other  compound  re- 
sembled the  osazone  of  glucose,  fructose,  and  mannose,  in  struc- 
ture, and  melted  at  205°C.  It  is  no  doubt  formed  from  fructose 
since  this  sugar  is  the  one  produced  from  rafRnose  when  melibiose 
is  split  off. 

Since  fructose  and  melibiose  are  present  in  the  fermented  beer 
it  follows  that  these  sugars  are  formed  during  the  fermentation  by 
the  action  of  the  enzyme,  sucrase,  which  is  present  in  the  butyl 
bacillus.  This  enzjnne  is  not  secreted,  however,  because  in  the 
presence  of  toluene  no  reducing  sugars  are  produced  in  a  pure 
raffinose  mediimi  inoculated  with  a  large  volvmie  of  active  culture. 
Hence  the  enz3aiie  must  function  within  the  cell.  In  \'iew  of  this 
fact  it  is  supposed,  in  considering  the  mechanism  of  the  raffinose 
fermentation,  that  the  sugar  enters  the  cell  and  is  there  hydrolyzed 

TABLE  VII. 
Raffinose  Fermentation. 


Cuprous  oxide  per  25  cc.  of  solution. 

Barfoed's  value. 

Fehling's  equivalent. 

Fehling's  value. 

hrs. 

29 
48 
53 
72 

14.8 
18.0 
20.1 
22.3 

mg. 

23.8 
29.0 
32.4 
35.9 

Tng. 

47.5 
50.3 
55.1 

into  fructose  and  mehbiose.  Fructose,  being  readily  fermented 
is  at  first  consimied,  but  mehbiose  not  being  so  easily  fermented 
accimuilates  after  a  short  tune  in  the  eeU.  It  is  due  to  the  active 
destruction  of  fructose  that  \'igorous  gassing  and  a  rise  in  acidity 
occur.  After  a  certain  amount  of  melibiose  has  acciimulated  in 
the  cell  it  diifuses  out  into  the  mediimi  and  is  there  detected  by 
Fehling's  solution.  Eventually  after  about  24  hours  some  un- 
known inhibiting  factor  or  combination  of  factors  begins  to  inter- 
fere and  the  fermentation  is  retarded.  Tliis  is  accompanied  by 
the  slowing  up  of  gas  production  and  a  slackening  up  of  the  acid 
formation.  Beyond  this  point  fructose  begins  to  accimmlate  and, 
consequently,  diffuses  from  the  cell  into  the  medium  where  its 
presence  is  detected  by  the  Barfoed  test.  Finally  the  inhibiting 
influence  becomes  so  effective  that  the  fermentation  stops  alto- 
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inocuktioti  witli  10  cc.  of  active  culture  the  acidity  and  reducing 
values  of  each  fermenting  mixture  were  followed  periodically. 
The  aciditv  ilata  are  given  in  Table  V.     The  figures  show  that  the 
two  fennontations  are  not  at  all  alike.     With  the  biological  prod- 
uct a  perfectly  normal  fermentation  occurs,  but  in  the  case  of 
the  acid-hvdrolvzed  dextrin  the  femientation  is  quite  abnomial., 
comparing  well  with  that  of  galactose.    These  data  are  plotted 
in  Fig.  9  as  Curves  1  and  II,  of  which  Curve  I  represents  the 
acidity  changes  occurring  in  the  fermentation  of  the  acid  product, 
and  Curve  II  those  of  the  amylase  product.     The  former  curve  is 
of  the  same  type  as  the  galactose  acidity  curve  while  the  latter 
resembles  the  curve  of  a  lactose  fermentation.     Tlie  reducing 
sugar  data  of  both  fermentations  are  found  in  Table  VI  and  are 
plotted  in  Fig.  9  as  Curves  I  and  II.     These  two  curves  are 
similar  to  the  sugar  cm-ve  of  the  starch  fermentation.     In  order 
to  determine  the  extent  to  which  each  type  of  dextrin  was  con- 
sumed, samples  of  the  fermented  solution  were  filtered  and  ali- 
quots  analyzed  for  residual  dextrin  by  completely  hydrolyzing  with 
hydrochloric  acid  and  detennining  the  glucose  formed.     It  was 
found  that  with  the  acid  product  3.26  gin.  of  dextrin  remained  in 
the  solution  indicating  a  consumption  of  about  60  per  cent.     The 
amylase  product  was  completely  fermented.    This  seems  to  in- 
dicate a  marked  difference  in  the  character  of  the  two  dextrins 
prepared  by  different  methods,  one  chemical  and  the  other  biolog- 
ical.    In  this  connection  it  is  interesting  to  draw  attention  to  the 
fact  that  dextrins  prepared  by  the  action  of  malt  diastase  are  much 
more  easily  hydrolyzed  by  pancreatic  juice  than  are  dextrins 
which  are  prepared  by  the  acid  hydrolysis  of  starch  (15).     How- 
ever, in  the  present  case,  until  further  e\'idence  is  secured  bj-^ 
additional  experiments,  it  cannot  be  definitely  stated  that  the 
difference  between  the  availabilities  of  the  two  dextrins  here 
studiotl  is  entirely  due  to  the  modes  of  preparation  or  to  the  fact 
tliat  in  the  one  case  erj-throdextrin  was  used  and  in  the  other  the 
achroodextrin  was  employed.    Further  study  will  be  undertaken 
in  the  near  future  on  this  point  as  it  appears  to  be  of  more  than 
passing  interest. 

IntiHn. — A  small  flask  of  inulin  was  fermented  and  the  course 
was  followed  by  the  acidity  determinations.  Initial  and  final 
inulin  values  were  also  determined  so  as  to  discover  to  what  extent 
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carbohydrate  was  consumed.  The  results  of  the  acidity 
•ations  are  given  in  Table  VIII  and  the  curve  of  the  same  is 
nd   in   Fig.    10.     In   this   case    also   an  incomplete   fermen- 


t^ion    is    encountered,    as    shown    by    the    maintained    high 
lity  readings.     This  fact  was  likewise  borne  out  by  the  inulin 

TABLE  VIII. 
Acidities  of  the  Meleziiose,  Inulin,  and  Mannitol  Fermentations. 


Iter  inoculation. 


hrs. 

0 
24 
30 
4S 
54 
72 
120 


0  I  X  NaOH  per  10  cc.  of  medium. 


Melezitose. 


1.01 
4. IS 
4.41 
5.0.5 
5.00 
5.05 
5.06 


Inulin. 


0.96 
3.47 
4.23 
4.36 
4. 38 
4.47 
4.47 


Mannitol. 


1.02 
3.36 
4.02 

4.83 
4.93 
5.05 
4.86 


CC. 

5 
> 

> 
•     4 

) 

L 

:    3 

) 
) 

:    2 


\   ^ 

Melezitose 

/^'' 

Manriitoi        'f 

Inulin 

// 

r 

^ 

^/ 

Jy 

•/ 

24 


35         48         60         72         84  96 

Hours 


108        120 


■"iG.  10.    Acidity    curves    of    the    melezitose,    inulin,    and    mannitol 
fejaentations. 

d  emiinations,  performed  by  first  hydrolyzing  the  solutions  with 
hlrocUoric  acid  and  then  determining  the  fructose  formed. 
S  ;htly  less  than  half  of  the  inulin  was  consmned  by  the  bacillus. 
I  ring  the  fermentation  period  no  reducing  sugar  appeared  in  the 
diiim  until  near  the  end  of  the  fermentation. 
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Fermentation  of  Alcohols. 

Mannitol— The  medium  used  in  this  experiment  consisted  of 
a  3  per  cent  pure  mannitol  solution  with  the  usual  nutrient  salts 
added  in  the  correct  proportions.  Upon  inoculation  this  medimn 
was  found  to  ferment  vigorously  with  extremely  active  gas  pro- 
duction and  a  rapid  rise  in  acidity.  This  fermentation  proved  to 
be  one  of  the  abnormal  type  as  shown  by  the  mahitained  high 
acid  value  after  the  maxunum  was  reached.  The  acidity  data  are 
plotted  in  Fig.  10.  No  data  was  obtained  showing  the  extent 
to  which  this  carbohydrate   was  fennented   by  the    organism. 

Glycerol— \  medium  containing  3  per  cent  of  pure  glycerol  was 
prepared  and  inoculated  with  active  culture.  After  the  carbohy- 
drate contained  in  the  added  inoculum  was  consumed  there  was  no 
evidence  whatever  of  any  fermentation  of  the  glycerol.  Hence 
it  is  concluded  that  this  material  is  not  available  as  a  som-ce  of 
carbon  for  the  butyl  bacillus. 

Hydrolysis  of  Carhohydrates  in  the  Presence  of  Toluene. 

Knowing  from  previous  experiments  that  the  organism  is  capa- 
ble of  utilizing  such  carbohydrates  as  sucrose,  maltose,  lactose, 
raffinose,  melezitose,  dextrin,  starch,  and  inulin,  as  well  as  the 
simpler  monosaccharides,  the  question  at  once  arose  as  to  the 
exact  manner  in  which  these  compounds  were  attacked.  In  the 
case  of  colloidal  substances  such  as  starch,  dextrin,  and  inulin,  it 
is  obvious  that  the  organism  must  first  effect  hydrolysis  before 
these  materials  can  enter  the  cell.  Hence  it  follows  that  the 
bacillus  must  secrete  exocellular  enzymes  to  effect  these  hydrol- 
yscs.  Sugars,  however,  are  capable  of  passing  through  the  mem- 
brane with  facility,  and  initial  hydrolysis  is  not  therefore  essential. 
For  each  sugar  there  are  three  possible  methods  of  attack;  viz., 
(1)  direct  utilization  without  preliminary  hydrolysis;  (2)  prelimi- 
nar>'  hydrolysis  by  an  exocellular  enzjniie;  (3)  hydrolysis  within 
the  cell  by  an  enzyme  not  secreted.  If  the  first  of  these  methods 
obtains  we  must  assume  the  presence  within  the  cell  of  an  elabo- 
rate cnzjTne  system  capable  of  converting  a  large  number  of  sugars 
of  very  different  structure  into  common  end-products.  On  the 
other  hand,  it  seems  more  probable  that  the  di-  and  trisaccharides 
are  first  split  into  their  respective  simple  hexoses  either  without 
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within  the  cell,  and  that  these  sugars  are  then  attacked  by  the 
id-forming  enzymes.  The  raffinose  experiments  have  demon- 
ated  in  a  definite  manner  the  existence  of  sucrase.  Assuming 
1  it  lactase  and  maltase  also  .exist,  our  conception  of  the  enzjTne 
J  stem  becomes  much  simpler.  Any  sugar,  for  instance,  which, 
f  lowing  hydrolysis,  yields  the  hexoses,  glucose,  fructose,  or  man- 
se, can  be  fermented  by  the  same  enzyme  system  owing  to  the 
fl't  that  these  sugars  are  interchangeable,  passing  through  a 
nmon  enolic  form  when  in  solution.  Galactose,  however, 
\  len  produced  by  hydrolysis,  requires  a  special  mode  of  attack, 
s  ice  this  hexose  does  not  pass  into  the  same  enolic  form  as  do  the 
( ler  three  sugars  mentioned.  Nevertheless,  this  special  galacto- 
i  zjTOe,  which  is  required,  exists  in  the  butyl  organism  because 
^  find  that  pure  galactose  is  at  least  partially  fermented  and 
1  ;tose  completely. 
?ince  there  is  little  doubt  but  that  the  complex  sugars  are  first 
1  drolyzed  before  they  are  fermented,  the  question  still  remains 
i  to  whether  these  hydrolyses  take  place  outside  or  inside  the  cell. 
'  e  problem  is  considered  in  the  following  series  of  experiments. 
:  e  method  of  study,  briefly  stated,  consisted  of  preparing 
f  5ks  of  the  various  carbohydrates;  inoculating  these  with  active 
c  tures;  incubating  for  about  24  hours;  and  finally  adding  toluene 
t  stop  further  cell  activity.  Changes  in  the  reducing  sugar 
■(  lues  were  then  noted  and  compared  with  suitable  controls  in 
cler  to  determine  whether  any  hydrolytic  action  had  taken 
{ i,ce  by  secreted  enzymes. 
Sucrose,  Maltose,  and  Lactose.— To  300  cc.  flasks,  each  contain- 
;  200  cc.  of  nutrient  solution,  were  added  6  gm.  of  the  sugar  to 
tested.  The  solutions  were  sterilized  at  5  pounds  pressure  for 
lour.  No  hydrolysis  occurred  in  the  sucrose  flask  and  only  a 
;ht  amount  in  those  containing  maltose  and  lactose.  Each 
sk  was  inoculated  with  10  cc.  of  active  culture  and  incubated  at 
'C.  for  26  hours.  To  100  cc.  portions  of  the  actively  fermenting 
tures  placed  in  150  cc.  sterile  flasks,  were  added  15  cc.  of  toluene, 
;1  after  shaking,  these  solutions  were  analyzed  for  monosaccha- 
es  by  our  modified  Barfoed  method.  The  residues  in  the 
ginal  flasks  were  boiled  and  analyzed  in  the  same  manner, 
six  flasks  were  then  incubated.  After  27^  and  99  hours  the 
ilubated  solutions  were  again  examined  for  monosaccharides. 


150       Acetone  and  Butyl  Alcohol  Fermentation 

Fermentation  of  Alcohols. 

Mannitol— The  medium  used  in  this  experiment  consisted  of 
a  3  per  cent  pure  mannitol  solution  with  the  usual  nutrient  salts 
added  in  the  correct  proportions.  Upon  inoculation  this  medium 
was  found  to  ferment  vigorously  with  extremely  active  gas  pro- 
duction and  a  rapid  rise  in  acidity.  This  fermentation  proved  to 
be  one  of  the  abnormal  type  as  shown  by  the  maintained  high 
acid  value  after  the  maximimi  was  reached.  The  acidity  data  are 
plotted  in  Fig.  10.  No  data  was  obtained  showing  the  extent 
to   which  this  carbohydrate   was  femiented   by  the    organism. 

Ghjcerol.—A  medium  containing  3  per  cent  of  pure  glycerol  was 
prepared  and  inoculated  with  active  culture.  After  the  carbohy- 
drate contained  in  the  added  inoculum  was  consumed  there  was  no 
evidence  whatever  of  any  fermentation  of  the  glycerol.  Hence 
it  is  concluded  that  this  material  is  not  available  as  a  source  of 
carbon  for  the  butyl  bacillus. 

Hydrolysis  of  Carbohydrates  in  the  Presence  of  Toluene. 

Knowing  from  previous  experiments  that  the  organism  is  capa- 
ble of  utilizing  such  carbohydrates  as  sucrose,  maltose,  lactose, 
raffinose,  melezitose,  dextrin,  starch,  and  inulin,  as  well  as  the 
smiplcr  monosaccharides,  the  question  at  once  arose  as  to  the 
exact  manner  in  which  these  compounds  were  attacked.  In  the 
case  of  colloidal  substances  such  as  starch,  dextrin,  and  inulin,  it 
is  ob\4ous  that  the  organism  must  first  effect  hydrolysis  before 
these  materials  can  enter  the  cell.  Hence  it  follows  that  the 
bacillus  must  secrete  exocellular  enzymes  to  effect  these  hydrol- 
yses.  Sugars,  howx'ver,  arc  capable  of  passing  through  the  mem- 
brane with  facility,  and  initial  hydrolysis  is  not  therefore  essential. 
For  each  sugar  there  are  three  possible  methods  of  attack;  viz., 
(1)  direct  utilization  without  preliminary  hydrolysis;  (2)  prelimi- 
nary hydrolysis  by  an  exocellular  enzyme;  (3)  hydrolysis  within 
the  cell  by  an  enzyme  not  secreted.  If  the  first  of  these  methods 
obtains  we  must  assume  the  presence  within  the  cell  of  an  elabo- 
rate enzj-me  system  capable  of  converting  a  large  number  of  sugars 
of  very  different  structure  into  common  end-products.  On  the 
other  hand,  it  seems  more  probable  that  the  di-  and  trisaccharides 
are  first  split  into  their  respective  simple  hexoses  either  without 
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or  within  the  cell,  and  that  these  sugars  are  then  attacked  by  the 
acid-forming  enzymes.  The  raffinose  experiments  have  demon- 
strated in  a  definite  manner  the  existence  of  sucrase.  Assuming 
that  lactase  and  maltase  also  .exist,  our  conception  of  the  enzjTne 
system  becomes  much  simpler.  Any  sugar,  for  instance,  which, 
following  hydrolysis,  yields  the  hexoses,  glucose,  fructose,  or  man- 
nose,  can  be  fermented  by  the  same  enzjTiie  sj'^stem  owing  to  the 
fact  that  these  sugars  are  interchangeable,  passing  through  a 
common  enolic  form  when  in  solution.  Galactose,  however, 
when  produced  by  hydrolysis,  requires  a  special  mode  of  attack, 
since  this  hexose  does  not  pass  into  the  same  enolic  form  as  do  the 
other  three  sugars  mentioned.  Nevertheless,  this  special  galacto- 
enzyme,  which  is  required,  exists  in  the  butj'-l  organism  because 
we  find  that  pure  galactose  is  at  least  partially  fermented  and 
lactose  completely. 

Since  there  is  little  doubt  but  that  the  complex  sugars  are  first 
hydrolyzed  before  they  are  fermented,  the  question  still  remains 
as  to  whether  these  hydrolyses  take  place  outside  or  inside  the  cell. 
The  problem  is  considered  in  the  following  series  of  experiments. 
The  method  of  study,  briefly  stated,  consisted  of  preparing 
flasks  of  the  various  carbohydrates;  inoculating  these  with  active 
cultures;  incubating  for  about  24  hours;  and  finally  adding  toluene 
to  stop  further  cell  activity.  Changes  in  the  reducing  sugar 
values  were  then  noted  and  compared  with  suitable  controls  in 
order  to  determine  whether  any  hydrolytic  action  had  taken 
place  by  secreted  enzymes. 

Sucrose,  Maltose,  and  Lactose.— To  300  cc.  flasks,  each  contain- 
ing 200  cc.  of  nutrient  solution,  were  added  6  gm.  of  the  sugar  to 
be  tested.  The  solutions  were  sterilized  at  5  pounds  pressure  for 
5  hour.  No  hydrolysis  occurred  in  the  sucrose  flask  and  only  a 
slight  amount  in  those  containing  maltose  and  lactose.  Each 
flask  was  inoculated  with  10  cc.  of  active  culture  and  incubated  at 
37°C.  for  26  hours.  To  100  cc.  portions  of  the  actively  fermenting 
cultures  placed  in  150  cc.  sterile  flasks,  were  added  15  cc.  of  toluene, 
and  after  shaking,  these  solutions  were  analyzed  for  monosaccha- 
rides by  our  modified  Barfoed  method.  The  residues  in  the 
original  flasks  were  boiled  and  analyzed  in  the  same  manner. 
All  six  flasks  were  then  incubated.  After  27|  and  99  hours  the 
incubated  solutions  were  again  examined  for  monosaccharides. 
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This  same  experiment  was  repeated  as  a  check  on  the  results. 
The  two  sets  of  data  are  given  in  Table  IX. 

It  is  clearly  shown  that  maltase  is  secreted  by  the  butyl  or- 
ganism. On  the  other  hand,  there  is  no  evidence  of  any  secretion 
of  sucrase  or  lactase.  Therefore,  maltose  alone  is  hydrolyzed  in 
part  at  least  outside  of  the  cell.  This  seems  to  be  in  keeping  with 
our  previous  observation  that  in  a  mixture  of  glucose  and  maltose, 
the  latter  sugar  is  fermented  simidtaneously  with  the  glucose. 
We  find  now  that  this  is  due  to  the  mmiediate  secretion  of  maltase 
which  at  once  begins  to  attack  the  disaccharide  present  in  the 

TABLE  IX. 

Toluene  Experiments. 


Alter  toluene  addition. 


Cuprous  oxide  per  25  co.  of  solution. 


Sucrose. 


Maltose. 


Lactose. 


Series 

I. 

hrs. 

mg. 

mg. 

mg. 

0 

0.0 

5.1 

0.5 

27i 

0.0 

31.5 

0.0 

99 

0.0 

57.3 

0.0 

Series  II. 

0 

48 

0.0 
0.0 

0.0 
43.4 

0.0 
0.0 

Boiled     controls 
after  48  hrs 

0.0 

Trace. 

0.0 

medium.  In  the  case  of  mixtures  containing  cither  sucrose  or 
lactose  no  suitable  enzymes  are  secreted  and  we  find  that  the 
disaccharides  are  not  molested  until  all  of  the  glucose  has  dis- 
appeared. Wliat  is  the  reason  for  tliis  selection?  Is  it  due  to 
differences  in  the  relative  penetration  of  di-  and  monosaccharides 
through  the  cell  membrane  or  is  it  due  to  a  natural  preference  of 
the  organism  for  the  simpler  and  more  easily  oxidized  food? 
At  present  we  are  unable  to  answer  these  questions. 

Raffinose.—A  rafhnose  medium,  containing  3  per  cent  of  the 
sugar,  was  inoculated  with  active  culture  and  incubated  for  20 
hours  after  which  toluene  was  added.    No  reducing  sugars  were 
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present.  The  flask  was  replaced  in  the  incubator  and  allowed  to 
remain  for  72  hours.  Upon  examination  with  Fehling's  solution 
no  reducing  sugar  was  found.  This  confirmed  the  previous  ob- 
servation that  sucrase  is  not  secreted. 

Starch,  Dextrin,  and  Inulin. — With  regard  to  the  polysaccha- 
rides, starch,  dextrin,  and  inulin,  experiments  of  a  similar  kind 
were  performed.  The  changes  talcing  place  in  the  flasks  to  wliich 
toluene  had  been  added  and  in  the  boiled  controls  were  followed 
by  means  of  sugar  determinations  and  iodine  color  reactions.  The 
results  obtained  show  that  in  all  three  cases  hydrolysis  is  effected 
by  means  of  secreted  enzymes.  We  conclude,  therefore,  that  the 
two  enzjTnes,  amylase  and  inulinase,  are  secreted  by  the  bacillus. 

SUMMARY. 

1.  The  fei-mentations  obtained  with  the  various  carbohy- 
drates used  in  this  investigation  are  of  two  types.  The  first  type, 
to  be  regarded  as  the  normal,  is  characterized  by  a  decided  fall  in 
the  acidity  after  the  maximmn  is  reached,  and  also  by  the  com- 
plete consumption  of  the  carbohydrate.  The  group  of  abnormal 
fermentations  is  characterized  by  the  persistence  of  a  high  acidity 
and  also  by  the  incomplete  destruction  of  the  carbohydrate. 

2.  Glucose,  fructose,  mannose,  sucrose,  lactose,  and  starch 
belong  to  Group  I,  while  galactose,  xylose,  arabinose,  raSinose, 
melezitose,  inulin,  and  mannitol  constitute  Group  II.  Dextrin 
belongs  to  either  group  depending  upon  the  method  used  in  the 
preparation  of  the  sample  fennented.  The  biological  product  is 
completely  fennented,  but  the  dextrin  prepared  by  the  acid  hydrol- 
ysis of  starch  is  only  partially  consmned. 

3.  Trehalose,  rhamnose,  melibiose,  and  glycerol  are  not  fer- 
mented. 

4.  The  butyl  organism  secretes  the  following  enzymes:  amy- 
lase, inulinase,  and  maltase;  but  it  does  not  secrete  sucrase, 
lactase,  or  rafflnase. 

5.  Raffinose  is  hydrolyzed  within  the  cell  by  sucrase  into  meli- 
biose and  fructose. 

6.  The  organism  first  completely  removes  the  hexoses,  with  the 
exception  of  galactose,  from  mixtures  also  containing  sucrose  and 
lactose.  Maltose  on  the  other  hand  is  fermented  concurrently 
with  glucose,  fructose,  or  mannose. 


154       Acetone  and  Butyl  Alcohol  Fermentation 

I  wish  to  acknowledge  with  pleasure  my  indebtedness  to  Pro- 
fessor Horace  B.  Speakman  for  his  ever  ready  counsel  and  advice 
throughout  this  work. 
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THE  PRODUCTION  OF  FAT  FROM  PROTEIN. 
,.  H   V.  ATKINSON,  DAVID  KAPPOBT,  ...  OKAHAM  -SK. 

With  the  ^^^^^  Evenden.  ,  ^  „    „ 

.,     •    ,  I ahoratory  of  Cornell  Universily  Medical  College, 
^Fro,n  the  Phynologual  ^^^-f^^^^;,  ciiy.) 

(Received  for  publication,  April  21,  1922.) 

f  this  series  Williams,  Riche,  and  Lusk 
In  the  second  paper  of  ^his  sene^  ^^^^^^^^  n.etabohsm 

(1)  described  expenments  wlue^    i^o.e^^     ^^^^  ^^^  ^^.^^^^^^  ^3_ 
of  a  dog  after  giving  1,200  g"_^-  °  .-       ^200  and  700  gm.  of 

kilos  and  was  -^-f^'^'^Z  larger  quantity  of  meat, 
n,eat  on  alternate  days     When  J^.^  ^^^^  ^^.^^^^^^^^^       3 

which  contained  about  1,200  colore  ,  ^^^  p^.^^^^^ 

about  800  calories  daily,  the  '^."S/'f'f  J.  .^lories.  It  follows 
:o:tent  of  the  meat  was  the  ^^:;i^^'j;Zlnlm.^^t  for  the 
that  the  protein  ingested  -^^  ^  ^^  J^^f  ,,eat  were  given  the 
dog's  needs.     However,  when  700     m.  ^^^  ^^^^^^^^ 

eat  production  of  the  -^^^S.  ^^^^^ffje  number  of  calories, 
daily,  the  ingested  meat  contamed^t^^  ^^^^^.^^_    ^^,,, 

while  the  protein  element  ^o'^^T^^/^  J,,t  ,ny  permanent  re- 
these  latter  conditions  one  w-dd  not  e^P       ^^^.^^^^^^.^^^  ^^  ^^^^ 

ri^/'^j^o/xi^^ti^it/foiiowi. 

^^illfrS^^Setherefo^f^^^ 

glycogen  in  the  liver  f^^^^^l^'f;Z<l  of  U  hours  after  the 
meat.  As  a  matter  of  fact,  ^""^S  ^  P"  ^^^^,t  there  was  much 
administration  of  this  ^^^^^Z.  corresponded  to  the 
less  carbon  el;--^^^/;,^,^  ^  ^measured  by  the  excretion  of 
protein  metabolism  of  the  time  as 
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nitrogen  in  the  urine.  That  this  carbon  was  retained  in  the  form 
of  glycogen  was  proved  by  the  fact  that  the  quantity  of  oxygen 
absorbed  agreed  with  this  hypothesis,  and  that  the  heat  calculated 
on  the  basis  of  a  retention  of  glj-cogen  agreed  with  the  heat  as 
measured  by  the  calorimeter. 

The  WoJ'k  of  Atkinson  and  Lusk. 

Fat  Formation.— Atkinson  and  Lusk  (2)  performed  a  long 
series  of  experiments  with  the  object  of  discovering  the  quality 
of  the  material  retained  when,  after  giving  meat  in  large  quantity 
to  a  dog,  the  amount  of  protein  metabolism  was  in  excess  of  the 
fuel  needed  for  the  heat  production  of  the  time. 

A  r^smiie  of  these  experiments  is  given  in  Table  I. 

It  will  be  remembered  that  when  the  protein  of  meat  is  oxidized 
in  the  body  the  respiratory  quotient  is  0.801. 

It  is  evident  from  the  table  that  in  ten  out  of  twelve  experiments, 
after  giving  meat  amounting  to  between  700  and  1,300  gm.  daily, 
the  respirator}'  quotients  varied  between  0.787  and  0.808,  as 
appears  below: 


Experiment  No . 

R.Q 

R.  Q.  of  deposit. 


31 
0  787 
0.960 


48 
0.793 
0.860 


54 
0.794 
0.860 


51 
0.795 


47 
0.795 
0.S40 


46 
0.796 


55       30 

0.797  0.800 
0.830  jo.  830 


34 
0.800 
0.830 


32 

0.808 
0.770 


In  Experiments  51  and  46  there  was  no  retention  of  protein 
carbon,  whereas  in  six  of  the  experiments  the  retained  carbon  was 
held  in  such  a  form  that,  had  it  been  oxidized,  it  would  have 
yielded  respiratory  quotients  of  between  0.83  and  0.86,  which 
indicates  the  retention  of  a  pabulum  containing  only  about  half 
of  its  calories  in  fat  and  half  in  carbohydrate.  Bj^  weight  this 
would  indicate  the  retention  of  approximately  1  gm.  of  fat  to 
every  2  gm.  of  glycogen. 

Only  after  the  ingestion  of  meat  in  very  large  quantities — 
1,100  and  1,300  gm. — was  there  evidence  of  the  conversion  of 
protein  into  fat  as  the  dominant  feature  of  the  process.  This 
appears  below: 


Experiment  No. 

R.  Q 

R.  Q.  of  deposit 


56 

0  826 
0.710 
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As  the  respiratory  quotient  of  fat  is  0.707,  the  above  results 
warranted  the  conchision  that  in  the  case  of  excessive  ingestion  of 
meat  by  a  dog  the  retained  pabulum  might  be  laid  down  as  fat 
when  the  circumstances  were  favorable.  It  was  noted  that  it 
was  very  difficult  to  induce  the  dog  to  take  meat  in  these  very 
large  quantities. 

During  the  period  of  experimentation  twelve  alcohol  checks 
were  made.  The  average  of  all  the  respiratory  quotients  was 
0.668  (theory  0.667)  and  the  heat  recovered  was  0.3  per  cent 
greater  then  the  heat  calculated  to  be  obtainable  from  the  com- 
bustion of  the  alcohol. 

The  extent  of  the  hourly  retention  of  carbon  calculated  from  the 
protein  metabolism  (measured  by  the  urinary  nitrogen)  and  the 
COv  output  of  the  period  bear  no  relation  to  the  total  heat  pro- 
duction, as  appears  in  the  following  tabulation: 


Experiment  No . . 

55 

47 

34 

30 

48 

54 

56 

33a 

31 

32 

Protein  C  re- 

tained, gm 

0.91 

0.77 

0.70 

0.66 

0.61 

0.59 

0.59 

0.66 

0.48 

0.32 

Calories  of  me- 

tabolism   

32.00 

29.90 

34.00 

31.50 

29.40 

31.10 

31.60 

31.70 

34.30 

34.90 

It  is  well  known  that  the  deposition  of  glycogen  does  not  in- 
crease the  heat  production.  In  Experiments  33a  and  56,  in  which 
fat  appeared  to  be  the  sole  material  deposited,  the  heat  production 
was  no  higher  than  in  Experunents  55,  47,  30,  48,  54,  and  31, 
when  fat  and  glycogen  were  laid  down  in  about  equal  caloric 
equivalents. 

It  is  therefore  apparent  that  the  specific  dynamic  action  of  pro- 
tein is  not  due  to  the  formation  or  deposition  of  sijnthetically  formed 
glycogen  or  fat. 

Basal  Metabolism  and  "Deposit  Protein."— 'Deposit  protein" 
is  that  quantity  of  protein  which  is  held  in  the  body  after  exces- 
sive protein  ingestion,  and  which  is  gradually  eliminated  from  the 
cells  in  which  it  is  stored  upon  the  cessation  of  a  high  protein  diet. 
Historically  it  is  the  same  as  Volt's  "circulating  protein."  Bene- 
dict, jNIiles,  Roth,  and  Smith  (3)  were  the  first  to  associate  the 
loss  of  "deposit  protein"— which  they  called  "surplus  cellular 
nitrogen" — with  a  reduction  in  the  total  metabolism  of  men. 
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TABLE-III   The  Effect  of  Meat  Ing 


1 

HsO 

Urine 
N. 

Non-protein 

Date.      '^"P'J'--' 

1 

Time 

CO: 

0: 

17  m. 

7.34 
6.70 

R.Q. 

0.664 
0.669 

COj 

Oj 

R.Q. 

Pro- 
tein. 

I 

pr 

WIO 

Mar.  26         SO 

12.24-  1.2S 
1.28-  2.28 

flm. 

6.70 
6.16 

gm. 

4.84 
4.24 

am. 

gm. 

gm. 

4.93 
4.80 

10.10 
10.45 
10.56 

0.067 

Apr.  14         6S 
Dog 
XVIII 

12.48-  1.48 

1.48-  2.48 

4.17 
4.28 

0.860 
0.816 

7.48 
6.76 

11.83 
11.94 
10.69 

0.103 
0.103 

0.875 
0.819 

2.73 

2.73 

5.14 
5.32 
5.38 

Apr.  17         70 
'  Dog 
XVIII 

12.40-  1.40 
1.40-  2.40 
2.40-  3.40 

0.842 
0.845 
0.845 

1.440 
1.440 
1.440 

-3.36 
-3.01 
-2.90 

-3.45 
-3.18 
-3.08 

0.708 
0.688 
0.685 

38.17 
38.17 
38.17 

_ 

1 
i 

7.03 
4.80 

0.844 

0.667 
0.676 

0.694 

Apr.  19         81 

1 

3.04-  4.04 
4.04-  4.44 

6.45 
4.46 

8.17 
8.09 
8.01 

4.57 
3.06 

8.95 
8.93 
8.75 

0.670 

19!t 

Mar.   6       141 

1.41-  2.41 
2.41-  3.41 
3.41-  4.41 

0.664 
0.6.59 
0.666 

6.14 

5. 87 
5.78 

0.663 

Mar.   8|      142 

11.26-12.26 
12.26-  1.26 

8.33 

8.27 

8.98 
9.21 

0.674 
0.653 

6.12 
5.94 

13.86 
13.19 

1.80 
1.80 

0.664 

Mar.    8         75 

Dog  XIX 

2.50-  3.50 
3.50-  4.50 

11.54 
11.73 

10.36 
9.97 

0.810 
0..8.56 

0.8.33 

-5.32 
-5.13 

-4.88 
-5.27 

0.7S6 
0.708 

0.749 

47.80 
47.80 

- 

Mar.  11         144 

10.21-11.21 
11.21-12.21 

7.7a 
7.6« 

8.53 
8.41 

0.661 
0.662 

0.662 

5.97 
5.6.- 

■ 

*  Calorimeter  cold. 
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Hourly  Metabolism. 

Series  //. 

Body 
temperature 

Morn- 
ing 
weight 

Behavior 
of  dog. 

1- 

Direct 

Start. 

End. 

Food. 

>1 

24.50 
21.95 

kg. 

5 

46.45 

4 

5 

12.76 
14.31 

37.81 

37.45 

8.57 

Quiet. 

Basal  metabolism. 

9 

27.07 

5 
4 

7 

27.52 
29.07 
28.73 

38.48 

Quiet. 

1,000  gm.  of  meat  at  8.33  a.m.  3rd  day  of  same 
diet.  Also  100  gm.  of  biscuit  meal  at  5  p.m.  for 
previous  2  days. 

6 

S5.32 

23.47 
16.12 

6 

1 

7 

39.59 

5 
7 

30.24 
29.76 
29.95 

1 

89.95 

5 

J 

32.66 
31.75 

? 

64.41 

1 

) 

30.89 
33.42 

38.72 

38.65 

Quiet. 

1,000  gm.  of  meat  at  9  a.m.  3rd  day  of  same  diet. 
Standard  diet  also  given  constantly  at  5  p.m. 

1 

64.31 

26.65* 

27.78 

54.43 
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TABLI 


ExDeriment 
No. 

Time. 

COi 

gm. 

12.85 
13.40 

Oi 

R.Q. 

HjO 

Urine 
N. 

Non-protein. 

Date. 

COs 

0, 

gm. 

-4.32 
-3.59 

R.Q. 

Pro- 
tein. 

N 
pro 

t9tt 

Mar.  11 

77 

1.54-  2.54 
2.54-  3.54 

gm. 

10.92 
11.65 

0.856 
0.837 

gm. 

22.65 
19.85 

gm. 

1.803 
1.803 

gm. 

-4.01 
-3.46 

0.675 
0.701 

0.846 

0.687 

_ 

Mar.  15 

145 

11.34-12.34 
12.34^  1.34 

7.63 
7.31 

8.30 
8.16 

0.669 
0.652 

0.66C 

5.67 
5.42 



1 



In  Table  I  it  wUl  be  noted  that  the  basal  metabolism  of  a  dog 
maintained  upon  the  ordinary  "standard  diet"  (meat,  100  gm.; 
biscuit  meal,  100  gm.;  lard,  20  to  30  gm.)  was  16  calories  per  hour 
After  8  days  of  meat  ingestion  as  the  sole  diet,  admimstration  of 
the  "standard  diet"  was  resmned.  18  hours  after  the  second 
administration  of  the  "standard  diet"  the  basal  metabolism  was 
19  7  calories  and  then  on  successive  days  was  measured  as-being 
18  3  17.3,  18.2,  and  17.6  calories.  Even  after  2^  weeks  the  basal 
metlboHsm  was  17.08  calories,  showing  a  persistently  higher 
level  than  had  obtained  before  the  ingestion  of  meat. 

The  bodily  condition  is  always  a  factor  to  be  considered  m  the 
determination  of  basal  metabolism.     The  condition  of  muscular 
strength,  accompanied  by  the  addition  of  an  "improvement  quota 
of  protein  (4)  to  the  cells  of  the  body,  results  also  m  a  higher 
metabolism  in  the  dog  (5)  and  in  man  (6).     It  is  possible  that  a 
lesser  amount  of  "deposit  protein"  and  of  "unprovement  protem 
may  be  in  part  responsible  for  the  lower  basal  metabohsm  of 
women,  first  pointed  out  by  Gephart  and  Du  Bois  (7).     Thus 
the  recent  experiments  of  Blunt  and  Bauer  (8)  show  that  under- 
nutrition does  not  play  a  large  part  in  reducing  the  metabohsm  of 
women. 

The  Experiments  of  Rapport  and  Lusk. 

The  problem  of  the  production  of  fat  from  protein  seemed  of 
sufficient  significance  to  endeavor  to  follow  the  same  with  the 
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Body 
temperature- 

Morn- 
ing 
weiglit. 

Behavior 
of  dos. 

i- 

t. 

Direct. 

Start. 

End. 

Food. 

33 

32 

36.47 
36.44 

39.04 

::8,76 

hj. 

13.0 

Quiet. 

Meat  1,000  gm.  at  9  a.m.    6th  day  of  same  diet  at 
9  a.m.,  with  standard  diet  also  daily  at  5  p.m. 

35 

72.91 

23 

D6 

26.93 
26.65 

!9 

53.58 

greatest  care  as  to  the  accuracy  of  the  determination  of  the 
individual  respiratory  quotients  after  meat  ingestion. 

An  additional  procedure  was  added  in  this  series.  The  standard 
diet,  containing  70  gm.  of  starch,  was  given  every  evening  at 
5  p.m.  in  order  to  charge  the  glycogen  reservoirs  of  the  body. 
The  meat  was  given  early  in  the  morning.  The  complete  data 
are  to  be  found  in  Table  II.  The  accuracy  of  the  experiments 
may  be  gauged  from  the  following  figures : 


Date. 

R.Q. 

R.  Q.  of  retained 
material 

19B0 

Mar.  26 

Alcohol  check. 

0.667 

Apr.   17 

Meat  ingestion. 

0.844 

0  694 

"      19 

Alcohol  check. 

0.670 

i9ii 

Mar.    6 

8 
a.m. 

u                 u 

0.663 

it             It 

0  664 

p.m. 

Meat  ingestion. 

0.833 

0  749 

Mar.  11 

a.m. 

Alcohol  check. 

0.662 

p.m. 

Meat  ingestion. 

0.846 

0.687 

Mar.  15 

Alcohol  check. 

0.660 

If  protein  is  converted  into  fat  two  conditions  must  be  ful- 
filled: (a)  the  R.  Q.  must  be  higher  than  that  of  protein  itself 


164  Animal  Calorimetry 

and  (b)  there  must  be  a  retention  of  protein  carbon.  The  urinary 
nitrogen  is  usually  higher  in  the  dog  when  the  animal  i^  catheter- 
izcd  hourly  (1)  than  it  is  when  it  accumulates  m  the  bladder 
during  a  calorimeter  period,  and  the  true  index  of  protem  nietab- 
olism  is  accounted  to  be  the  level  to  which  the  urmary  nitrogen 
rises  when  the  urine  is  fractionated  hourly  on  a  day  that  the  dog 
is  given  the  same  diet  but  is  not  in  the  calorimeter. 

The  method  of  calculation  of  the  5th  hour  after  giving  1,000 
gm.  of  meat  to  Dog  XVIII  will  suffice  as  a  guide  to  all  the 
experiments. 

Experiment  68. 
Urinary  N  =  1.44  gm. 

COi  Oi       Calories. 

gm.  ffwi. 

Equivalent  Of  1.44  gn.  Of  N 13  46    12.17    38.17 

Found  in  respiration w.w    ^ 

3.36      3.45     11.32 

^  ,     .      .    ,.      ,  26.85 

Calories  indirect 

K.  Q.  of  deposit  =  0.708 
Value  of  fat  deposited  =  11.32  calories 
Calories  (indirect)  =  26.85 
Calories  (direct)  =  27.52 

f  =  1.2  gm.  of  fat 
C  retained  =  0.92  gm.  |  ^  2.3  gm.  of  glucose  (8.63  calories) 

Calories  if  C  had  been  retained  as  glycogen  =  29.54 
The  respiratory  quotients  and  the  heat  directly  measured  con- 
firm the  conception  that  fat  and  not  glycogen  was  the  form  m 
which  the  carbon  was  deposited. 

If  one  makes  use  of  this  method  of  calculation  for  the  average 
hourly  heat  production  for  the  series  of  three  experiments,  one  may 

construct  Table  III.  •      1,     4.u 

It  is  evident  that,  computed  on  the  oxygen  absorption  by  the 
method  of  indirect  calorimetry  already  outlined,  the  calculated 
heat  production  is  almost  exactly  the  same  as  it  is  when  the  com- 
putation is  base<l  upon  the  hypothesis  that  the  carbon  retained  is 
laid  down  in  the  form  of  fat  (1  gm.  of  C  retained  as  fat  =  12.31 
calories). 
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The  agreement  between  direct  and  indirect  calorimetry  i.s  not 
as  close  as  one  would  wish,  though  in  this  regard  the  alcohol  checks 
agree  on  the  average  within  1  per  cent.  The  calories  as  calculated 
are  3.8  per  cent  less  than  the  calories  found.  However,  if  the 
carbon  retention  is  assumed  to  take  the  form  of  glycogen,  then 
the  calculated  heat  would  be  6..3  per  cent  higher  than  the  amount 
directly  measured.  The  findings,  therefore,  favor  the  idea  of 
the  retention  of  a  pabulmn  in  the  form  of  fat. 

T.4BLE  III. 

Hired  and  Indirect  Calorimetry  in  Hourly  Period-^  after  the  Ingestion  of 

1.000  Gm.  of  Meat. 


Experi- 
ment No. 

Urine  N. 

Protein  C 
to  body. 

Calories. 

Direct. 

Indirect. 

C 

deposited 
as  fat. 

C 
deposited 
as  carbo- 
hydrate. 

Dog  XVIII.. 
Dog  XIX.... 

68 
75 
77 

gm. 

1.44 
1.80 
1.80 

0.84 

1.40 
1.02 

28.44 

32.16 
36.46 

27.55 
30.97 
34.83 

27.83 
30.51 
35.25 

30.30 
34.57 
38.29 

Total 

97.06 

93.35 

93.59 

103.16 

Here,  as  in  the  first  series  of  experiments,  the  height  of  the  metab- 
olism is  not  proportional  to  the  quantity  of  protein  carbon  re- 
tained. In  E.xperiment  77,  high  humidity  in  the  calorimeter 
probably  produced  increased  respiratory  activity  and  in  conse- 
quence increased  metabolism.  The  older  literature  has  Ijeen 
elsewhere  reviewed  (9),  but  these  experiments,  by  a  new  method, 
add  another  link  to  the  chain  of  evidence  that  protein  may  be 
converted  into  fat.  It  must  be  remembered,  however,  that  the 
conditions  were  exceptional,  in  that  the  animals  were  maintained 
upon  a  nutritive  plane  which  would  fill  the  glycogen  reservoirs, 
were  given  meat  up  to  the  limit  of  their  willingness  to  consume  it, 
and  were  kept  in  absolute  rest  in  a  calorimeter  at  an  environmental 
temperature  of  25°C.  Under  these  circumstances  fragments  of 
protein  metabolism,  which  would  ordinarily  have  been  oxidized 
or  converted  into  glucose  and  laid  down  as  glycogen,  found  no 
other  pathway  open  than  conversion  into  fat.  Under  a  natural 
diet  these  conditions  would  not  exist. 
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SUMMARY. 

1  When  the  glycogen  reservoirs  of  the  body  are  low  the  inges- 
tion of  meat  in  large  quantity  results  in  the  deposition  of  glycogen. 

2  The  continued  ingestion  of  much  meat  brmgs  about  the  le- 
tention  in  the  body  of  a  pabulum  consisting  partly  of  glycogen 
and  partly  of  fat.     Only  when  meat  in  very  great  excess  is  given 

is  fat  alone  retained.  _      .         . 

3  When  a  carbohydrate-containing  meal  is  given  in  the  even- 
ing and  1,000  gm.  of  meat  in  the  morning,  then  during  the  height 
of  protein  (Hgestion  the  respiratory  quotient  indicates  a  produc- 
tion of  fat  from  protein.  _ 

4  Following  the  prolonged  ingestion  of  meat  in  large  amounts, 
which  induces  the  retention  of  "deposit  protein,"  the  basal  metab- 
olism may  rise  from  a  former  level  of  16  calories  per  hour  to 
one  of  19.7,  an  increase  of  23  per  cent,  from  which  level  it  slowly 
falls  with  the  gradual  elimination  of  "deposit  protein." 
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THE  LIPOIDS  OF  THE  BLOOD  IN  TUBERCULOSIS. 

By  B.  H.  HENNING. 

{From  the  Department  of  Biochemistry  and  Pharmacology,   University  of 
California,  Berkeley.) 

(Received  for  publication,  May  18,  1922.) 

The  investigation  of  fat  metabolism  in  the  body  has  involved 
the  study  of  the  fats  and  other  lipoids  as  they  occur  in  the  intes- 
tine, the  blood,  and  the  tissues.  In  the  blood  (1)  the  hpoids  are 
found  normally  in  a  fairly  constant  quantitative  relationship  to 
each  other.  The  work  of  Brinkman  and  van  Dam  (2)  has  recently 
emphasized  the  physiological  antagonism  between  lecithin  and 
cholesterol,  which  was  found  bj'  earlier  workers  (3).  Bloor  (3) 
and  others  have  shown  that  whenever  one  of  the  blood  lipoids  is 
high,  similarly  high  values  are  to  be  expected  for  the  others;  and 
especially  as  regards  lecithin  and  cholesterol  is  the  balance  care- 
fully preserved.  An  extension  of  this  study  to  diseases  of  a 
metabolic  nature  has  led  Rudolf  (4)  to  consider  the  lipoid  picture 
as  of  considerable  diagnostic  value,  because  he  found  that  in 
each  disease  he  studied  there  was  a  definite  change  from  the 
normal.  Special  studies  have  been  made  of  the  blood  hpoids  in 
diabetes  (5),  nephritis  (6),  and  the  anaemias  (7).  Nowhere 
has  any  attention  been  paid  to  the  condition  of  the  blood  lipoids 
in  tuberculosis,  although  certain  phases  of  this  disease  would 
lead  one  to  expect  some  abnormality  of  fat  metabolism.  Thus 
there  is  a  toxemia  with  resulting  emaciation,  formation  of  the 
characteristic  tubercles  which  contain  much  lipoid  material,  and 
the  use  in  treatment  of  a  fat-rich  diet.  It  seemed  desirable, 
therefore,  to  extend  the  study  of  the  blood  lipoids  to  tuberculosis 
and  in  the  following  paper  are  reported  observations  made  on  a 
series  of  twenty-one  cases  of  advanced  tuberculosis,  mainly 
pulmonary. 

Subjects. — All  the  subjects  were  patients  in  the  tuberculosis 
wards  of  the  San  Francisco  Hospital.     All  had  chronic  pubnonary 
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tuberculosis,  advanced,  giving  negative  Wassermann  reaction 
and  were  apparently  free  from  intercurrent  infections.  Blood 
from  Cases  1  to  9  inclusive  was  drawn  October  22,  1921,  and  from 
the  remainder  December  15,  1921.  Cases  2  and  11  are  the  same 
man.    His  blood  was  used  a  second  time  to  check  the  method. 

TABLE  1. 

Lipoids  in  the  Blood  in  Tuberculosis. 


Choles 

terol. 

Lccithiu. 

Fatty  acids. 

Cases. 

Non- 

Fatty 

Fatty 
acid  in 

Resid- 

3 

S 

Saponi- 
fication. 

saponi- 
fication. 

Total. 

acid  in 
lecithin. 

choles- 
terol 

fatty 
acia. 

2, 

esters. 

^o 

O 

fe 

1 

116 

202 

203 

380 

134 

67 

179 

1.00 

0.53 

»> 

82 

190 

216 

362 

144 

63 

155 

1.13 

0.52 

3 

126 

168 

203 

336 

134 

56 

146 

1.20 

0.50 

4 

104 

244 

240 

398 

160 

81 

157 

0.99 

0.61 

5 

138 

236 

227 

362 

152 

78 

132 

0.96 

0.65 

6 

106 

202 

221 

380 

146 

67 

167 

1.09 

0.53 

i 

136 

250 

245 

392 

162 

83 

147 

0.98 

0.63 

S 

198 

214 

226 

396 

150 

71 

175 

1.05 

0.54 

9 

112 

174 

206 

348 

136 

58 

154 

1.18 

0.50 

10 

86 

169 

227 

346 

150 

56 

140 

1.34 

0.46 

11 

91 

228 

240 

375 

160 

76 

139 

1.05 

0.60 

12 

90 

219 

214 

362 

142 

73 

147 

0.97 

0.60 

13 

94 

201 

229 

344 

152 

67 

125 

1.13 

0.58 

14 

108 

206 

207 

372 

138 

68 

166 

1,00 

0.55 

15 

76 

174 

202 

339 

134 

58 

147 

1.17 

0  51 

16 

82 

186 

205 

369 

1.36 

62 

171 

1.10 

0.50 

17 

90 

196 

240 

378 

160 

65 

153 

1.22 

0.51 

IS 

90 

232 

204 

361 

148 

77 

136 

0.87 

0.64 

19 

97 

214 

217 

375 

144 

71 

160 

1.01 

0.57 

20 

96 

198 

214 

363 

142 

66 

155 

1.08 

0.54 

21 

99 

180 

192 

334 

128 

60 

146 

1.06 

0.53 

Cases  7  and  8  were  discharged  from  the  Hospital  as  improved. 
Case  21  was  very  weak  and  emaciated,  the  lowest  results  were 
obtained  from  him. 

Methods.— The  methods  which  were  used  for  this  work  for  the 
quantitative  determination  of  the  blood  lipoids  are  those  described 
in  the  various  contrilnitions  of  Bloor  (8,  9,  10).  Determinations 
were  made  only  on  the  plasma  since  the  experience  of  workers  in 
this  field  has  shown  that,  except  in  alimentary- Hpemia,  the  lipoid 
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composition  of  the  corpuscles  is  relatively  constant.  Cholesterol 
was  determined  on  the  blood  extract  both  with  and  without 
saponification  since  it  was  found  that  values  by  the  two  methods 
were  often  strikingly  different. 

Calculations.— Ysdues  for  cholesterol,  fatty  acid,  and  lecithin 
were  obtained  directly  while  the  remaining  values  were  calculated 
from  these.  Fatty  acid  in  cholesterol  esters  was  calculated  to  be 
one-third  of  the  total  value  of  cholesterol  determined  by  the  non- 
saponification  method,  while  that  in  lecithin  was  taken  as  two- 
thirds.  The  sum  of  these  two  values  subtracted  from  the  value 
for  total  fatty  acids  gives  the  amount  of  fatty  acid  in  combina- 
tions other  than  those  mentioned.     The  ratios,-:—; r  and 

cholesterol 
cholesterol 
fatty  acicT'    ^^^'^    calculated    only    for    the     non-saponification 

values  of  cholesterol.  Values  expressed  in  milligrams  per  100  cc. 
of  plasma  are  contained  in  Table  I. 

DISCUSSION. 

Cholesterol. — Cholesterol  was  found  by  the  non-saponification 
method  to  be  practically  normal,  but  the  saponification  method 
gave  results  uniformly  much  lo\^-er  (averaging  about  50  per  cent) 
except  in  Case  8,  and  it  is  possibly  significant  that  in  this  case 
improvement  had  occurred  and  the  patient  was  allowed  to  leave 
the  hospital.  The  difference  between  the  values  for  cholesterol 
by  the  two  methods  is  very  strildng  and  since  ordinary  cholesterol 
is  not  appreciably  affected  by  saponification  the  presence  of  some 
substance  other  than  cholesterol  which  gives  the  cholesterol 
color  reaction  but  which  is  sensitive  to  alkali  is  indicated.  Since 
the  value  found  without  saponification  is  the  same  as  similar 
values  for  normal  blood  it  appears  that  in  tuberculosis  true  . 
cholesterol  is  replaced  in  considerable  part  by  the  unlmown 
substance,  which  may,  however,  be  closely  related  to  cholesterol 
since  it  gives  the  same  color  reaction.  The  reason  for  the  apparent 
substitution  for  cholesterol  in  tuberculosis  blood  is  at  present 
a  matter  of  speculation,  but  when  the  lipoid  nature  of  the  tubercle 
bacillus  and  of  the  tubercles  is  considered,  it  seems  reasonable  to 
suspect  that  cholesterol  may  be  involved  in  some  way  in  the 
attempt  of  the  body  to  protect  itself  from  this  organism. 
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Lecithin  and  Fatty  .4 nd.-These  substances  --«  PJ^;";^  '^ 
amounts  comparable  with  values  for  the  normal  published  by 
Zor  T^.e  residual  fatty  acid  is  relatively  high  and  smce  there 
wrno  visible  hpemia  the  fatty  acids  could  hardly  be  present  a 
Tat  so  that  some  other  form  of  combination  is  suggested.  The 
;        ]ecithin_  cholesterol    ^^^  ^^^^^^^^  f„,  the 

'^^'°^'  cholesterol  '^''"    fatty  acid  . 

entire  series.    They  do  not  vary  widely  from  those  given  for 
normal  individuals. 

CONCLUSIONS. 

1  Cholesterol  was  found  to  be  uniformly  low  in  tuberculous 
blood  when  determined  by  the  saponification  method,  but  normal 
when  determined  without  saponification.  The  presence  in  the 
blood  plasma  in  tuberculosis  of  a  relatively  large  amount  of  an 
unknown  substance  which  is  probably  closely  related  to  choles- 

terol  is  thus  indicated.  _  i  „ 

2.  Total  fatty  acid  and  lecithin  were  withm  the  normal  range 

of  values  for  these  substances.  ' 

3    The  "residual"  fatty  acid  of  the  blood  was  high  and  since 

there  was  no  lipemia  the  presence  of  other  forms  of  fatty  acid 

combination  than  those  ordinarily  present  is  suggested. 

Thanks  are  due  Dr.  W.  R.  Bloor  for  his  kind  supervision  and 
ready  assistance,  and  to  Drs.  Wm.  H.  Hassler,  Ester  Rosencrantz 
and  W.  H.  Yokum,  who  made  it  possible  to  secure  the  blood  and 
data  for  this  work. 

BIBLIOGRAPHY. 

1.  -BlQOT.yf.-R.,  Physiol.  Rev.,  m2,n,  92. 

2.  Brinkman,  R.,  and  van  Dam,  E.,  Biochem.  Z.,  1920,  cviu,  35. 

3  Bloor,  W.  R.,  J.  Biol.  Chem.,  1914,  xix,  1. 

4  Rudolf,  J.,  Z.  physiol.  Chem.,  1917-18,  ci,  99. 

5.  Bloor,  W.  R.,  J.  Biol.  Chem.,  1916,  xxvi,  417. 

6    Bloor    W.  R.,  •/.  Biol.  Chem.,  1917,   xxxi,   575.     Bloor,  W.  R.,   and 

MacPherson,  D.  J.,  J.  Biol.  Chem.,  1917,  xxxi,  79. 
7.  Bloor,  W.  R.,  J.  Biol.  Chem.,  1916,  xxv,  577. 
8    Bloor!  W.  R.,  J.  Biol.  Chem.,  1914,  xvii,  377. 
9.  Bloor,  W.  R.,  J.  Biol.  Chem.,  1916,  xxiv,  227. 
10.  Bloor,  W.  R.,  J.  Biol.  Chem.,  1915,  xxii,  133. 


FAT  EXCRETION. 

By  ELSIE  HILL  and  W.  R.  BLOOR. 

(From  the  Department  of  Biochemistry  and  Pharmacology,   University  of 
California,  Berkeley.) 

(Received  for  publication,  May  IS,  1922.) 

The  feces  of  animals  normally  contain  some  fatty  material 
which  consists  mainjy  of  fatty  acids  and  their  salts  (soaps),  a 
smaller  amount  of  cholesterol  and  its  derivatives,  and  a  little  fat. 
The  fatty  acids  and  fats  are  generally  assumed  to  be  unabsorbed 
residues  of  the  fat  of  the  food  and  a  food  fat  is  said  to  be  well  or 
poorly  absorbed  according  as  the  amount  of  fatty  substance 
recoverable  from  the  feces  is  relatively  small  or  large.  In  some 
cases,  and  especially  when  the  amount  is  large,  there  is  little 
doubt  that  the  assumption  is  approximately  correct  and  that  the 
fat  and  fatty  acids  found  represent  lai-gely  unabsorbed  food  fat, 
but  there  is  considerable  evidence  to  indicate  that  in  many  or 
perhaps  most  instances  the  feces  fat  has  no  direct  relationship 
to  the  fat  of  the  food,  but  represents  rather  some  form  of  excre- 
tion from  the  intestinal  tract.  Friedrich  Miiller  (1)  in  studies 
of  the  feces  fat  of  the  two  professional  fasters  Cetti  and  Breit- 
haupt  found  in  the  case  of  Cetti  that  the  fatty  material  of  the 
fasting  feces  was  about  36  per  cent  of  the  dry  material  and  that 
39  per  cent  of  it  was  fat,  45  per  cent  fatty  acids,  and  16  per  cent 
cholesterol.  In  the  case  or  Breithaupt  the  fatty  material  com- 
posed 28  per  cent  of  the  dry  matter  and  of  this,  neutral  fat  and 
cholesterol  formed  47  per  cent,  fatty  acids  (and  soaps)  53  per 
cent.  In  two  periods  with  food  on  the  same  subject  the  lipoid 
material  formed,  in  the  first  period,  24  per  centof  the  dry  material, 
and  of  this  36 . 5  per  cent  consisted  of  neutral  fat  and  cholesterol 
and  62.6  per  cent  of  fatty  acid.  In  the  second  food  period  the 
lipoid  material  constituted  28  per  cent  of  the  dry  substance,  and 
of  this  29  per  cent  was  neutral  fat  and  71  per  cent  fatty  acid  and 
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soap      The  percentage;  of  total  lipoid  material  in  the  feces  during 
the  food  period  thus  differed  but  little  from  that  of  the  fasting 
period   although  the  proportion  of  fatty  acid  and  soap  was  rela- 
tively considerably  higher  during  the  food  period.     Also    since 
the  amount  of  feces  was  greater,  the  absolute  amount  of  lipoid 
material  excreted  during  the  feeding  period  was  greater  than 
during  the  fasting  period.     In  the  same  article  Miiller  refers  to 
some  earlier  e.xperiments  (2)  with  dogs  in  which  he  found  a  lipoid 
content  in  the  feces  of  20  to  47  per  cent  of  the  dry  substance, 
consisting  mainly  of  fatty  acid.     Thus  in  one  dog  (2)  weighing 
23  kilos  in  a  7  day  fast  the  excretion  was  about  2.68  gm.  of  dry 
material  per  day,  of  which  the  fatty  material  amounted  to  about 
34  per  cent,  and  consisted  of  67  per  cent  of  fatty  acid  (and  soap) 
and  the  remainder  of  neutral  fat  and  cholesterol.     He  believed 
that  this  material  originated  as  an  excretion  of  the  intestine  and 
pancreas.     In  another  dog  weighing  18  kilos,  on  a  diet  of  lean 
meat  the  feces  amounted  to  6.1  gm.  of  dry  matter  per  day  and 
contained  25  per  cent  of  fatty  material,  of  which  62  per  cent  was 
fatty  acid  and  38  per  cent  cholesterol,  fat,  etc.     The  addition  of 
small  amounts  of  fat  to  the  diet  affected  the  lipoid  content  of  the 
feces  only  slightly,  but  larger  amounts  increased  the  lipoid  output. 
The  latter  finding  is  not,  however,  incompatible  with  his  assmnp- 
tion  of  a  fat  excretion,  since  where  large  amounts  of  fat  are  ingested 
a  larger  excretion  might  be  expected. 

Hermann  (3)  isolated  loops  of  intestine  and  found  that  they 
filled  up  in  the  course  of  3  or  4  weeks  with  material  very  similar 
to  feces,  and  an  examination  of  this  material  by  Ehrenthal  (4) 
demonstrated  the  presence  of  fat,  soaps,  and  cholesterol.  F.  Voit 
(5)  repeated  the  work  and  confirmed  their  results,  finding  that 
the  contents  of  the  intestinal  ring  had  the  same  composition 
as  hunger  feces  and  almost  the  same  as  meat  feces.  In  addition 
to  ash  and  nitrogen  there  was  always  fatty  material  to  the  extent 
of  30  to  36  per  cent,  of  which  up  to  one-third  (generahy  less  than 
one-tenth)  was  neutral  fat,  one-half  to  four-fifths  free  fatty  acid, 
and  one-tenth  to  one-third  soaps. 

By  the  use  of  fistulas  further  information  regarding  intestinal 
secretion  was  obtained.  Gumilewski  (6)  obtained  from  a  low 
Thiry-Vella  fistula  in  dogs  a  continuous  secretion  which  was  small 
in  amount  in  fasting,  1  cc.  per  hour  from  an  11  cm.  length  of 
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intestine,  but  increased  to  7  to  10  cc.  during  digestion.  Rohmann 
(7)  found  little  or  no  secretion  from  a  high  loop  while  considerable 
secretion  was  obtained  from  a  low  loop.  Some  time  ago  one  of 
us  (B)  examined  the  secretion  from  a  permanent  Thiry  fistula 
(consisting  of  about  14  inches  of  jejunum)  in  a  healthy  dog.'  The 
secretion  was  collected  on  fat-free  pads  of  gauze  which  were  then 
boiled  out  with  alcohol  to  extract  the  lipoid  material.  The 
alcoholic  extracts  were  evaporated  to  small  volume,  diluted  with 
water,  acidified,  the  fatty  matter  was  extracted  with  ether,  the 
solvent  evaporated,  and  the  residue  dried  and  weighed.  In  a  5 
day  period  a  total  of  0 .  72  gm.  of  Upoid  material  consisting  almost 
entirely  of  fatty  acids  was  recovered.  The  animal  was  well  fed 
during  the  period.  It  was  not  possible  to  repeat  this  important 
experiment  at  the  time  and  the  dog  was  disposed  of.  Numerous 
attempts  have  been  made  since  then  to  obtain  suitably  operated 
animals  but  none  survived  the  operation  and  resulting  complica- 
tions long  enough  to  be  used  for  an  experiment. 

The  results  noted  above  indicate  that  much  fatty  material  is 
to  be  found  in  the  intestine  and  feces  which  are  entirely  inde- 
pendent of  the  food.  The  question  as  to  whether  it  is  to  be 
regarded  as  a  secretion  is  complicated  by  the  fact  that  in  the  feces 
and  in  intestinal  loop  contents  there  is  much  cellular  material 
(bacteria,  etc.),  which  contains  fatty  compounds  and  contributes 
to  the  "fat"  content.  The  importance  of  this  source  of  fat  cannot 
be  estimated.  As  regards  the  contents  of  intestinal  rings,  Yoit 
(5)  does  not  regard  it  as  important  since  the  nitrogen  content  is 
too  low  and  the  ash  too  high  to  be  of  cellular  origin.  The  fact 
that  the  free  flowing  secretion  from  the  intestinal  fistulas  contains 
little  cellular  material  but  considerable  soap  points  to  a  true 
secretion. 

Aside  from  the  undetermined  influence  of  lipoid  from  cellular 
material  it  is  reasonable  to  assume  that  if  the  fatty  material  of 
the  feces  represents  a  true  excretion  of  the  intestine  its  nature 
would  be  independent  of  the  food  and  of  the  food  fat.  If  it 
represents  unabsorbed  food  residues  its  nature  would  depend  on 
that  of  the  food  fat.  Certain  modifications  of  this  general 
assumption  should  probably  be  made  in  view  of  the  probability 

'  Obtained  through  the  kindness  of  Dr.  Barney  Brooks  of  the  Washington 
University  School  of  Medicine,  St.  Louis. 
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that  on  the  one  hand  some  of  the  food  fat  after  absorption  may 
be  excreted  into  the  intestine  and  on  the  other  that  the  absorption 
of  food  fat  from  the  intestine  may  be  selective,  less  desirable,  and 
possibly  similar  portions  of  all  types  of  fat  being  rejected  and 
appearing  in  the  feces.  . 

With  these  ideas  in  mind  feeding  experiments  were  carried  out 
with  two  fats  of  widely  different  composition,  and  the  feces  fat 
was  examined.  Cats  were  used  for  the  experiments.  They 
were  kept  in  cages  throughout  the  period  but  allowed  the  free 
run  of  the  room  during  a  portion  of  the  day  for  exercise.  Their 
basal  diet  was  a  practically  fat-free  mixture  of  starch  and  extracted 
casein  with  meat  extract  for  flavoring  and  bone  ash  to  provide 
bulk  Experiments  were  conducted  with  (a)  a  diet  of  lean  meat, 
(b)  the  basal  diet  alone,  (c)  the  basal  diet  plus  olive  oil,  (d)  the 
basal  diet  plus  coconut  oil;  in  every  case  making  the  amount  of 
the  daily  food  such  as  to  supply  100  calories  per  kilo  of  body 
weight.  Generally  the  food  was  entirely  eaten  up,  but  occasion- 
ally when  olive  oil  was  fed  and  more  frequently  with  coconut  oil 
it  was  necessary  to  feed  forcibly  a  portion  of  the  oil  in  order  to 
make  sure  that  the  cats  received  the  required  amount.  Although 
apparently  remaining  in  good  health  the  animals  lost  weight 
steadilv  throughout  the  experiment. 

The 'meat  used  contained  from  2  to  7  per  cent  of  fat  with^an 
iodine  number  of  about  46  and  a  melting  point  of  about  43°C. 
The  casein  was  mainly  prepared  fresh  from  skim  milk,  but  some 
commercial  casein  was  used.  In  preparing  it  for  use  all  samples 
were  extracted  with  alcohol  and  ether  and  as  used  the  casein- 
starch  basal  diet  contained  only  a  few  milligrams  of  fatty  sub- 
stance in  100  gm.  The  coconut  oil  was  fed  in  the  form  of  the 
commercial  butter  substitute  "Nucoa."  This  substance  con- 
sists almost  entirely  of  coconut  oil  but  the  flavor  is  somewhat 
disguised  and  is  less  objectionable  than  that  of  the  commercial 
oil.  The  fatty  acids  of  the  material  used  melted  at  about  25°C. 
and  had  an  iodine  number  of  8.8.  The  olive  oil  had  an  iodine 
number  of  88.2. 

Each  experiment  lasted  a  week,  the  periods  being  marked  ott 
by  charcoal.  The  feces  were  collected  as  passed,  kept  in  a 
stoppered  bottle  under  95  per  cent  alcohol  until  the  end  of  the 
period  when  the  whole  was  transferred  to  a  krge  Erlemneyer 
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TABLE  I. 
Feces  ''Fat"  on  Various  Diets. 


Subject 
No. 


Fat  eaten. 


'Fat"  in  feces. 


Percentage 

of  "fat"  in  feces 

to  fat  in  diet 


Iodine  No.  of 
feces  "fat." 


M.P.  of 
feces  fat. 


Fat-free  diet. 


gm. 

gm. 

per  cent 

°c. 

1 

1.70 

36.3 

38 

3.29 

32.6 

42 

2 

0.86 

37.1 

26 

3 

1.47 

27.4 

39 

4 

1.47 

30.0 

30 

Meat  diet. 


1 

50 

6.00 

12.0 

39.0 

44 

28 

0.87 

3.1 

43.8 

34 

2 

34 

2.37 

6.9 

34.8 

33 

3 

28 

1  10 

3.9 

42  3 

36 

4 

28 

3.84 

13  7 

30.5 

35 

Coconut  oil. 


1 

44 

2.17 

5.1 

25.0 

32 

2 

45 

2.46 

5.5 

24.4 

34 

3 

24.3 

1.82 

7.6 

31.0 

30 

4 

52 

3.55 

6.9 

21.6 

27 

Olive  oil. 

1 

30 

1.50 

5.0 

38.7 

30 

50 

2.00 

4.0 

53.2 

26 

2 

45 

2.51 

5.6 

41.0 

32 

50 

1.81 

3.6 

44.8 

30 

3 

50 

2.76 

5.5 

49.8 

33 

50 

1.33 

2.7 

52.2 

25 

4 

50 

3.0 

6.0 

44.3 

37 

50 

3.0 

6.0 

32.7 

40 

Averages. 

Fat-free  diet 

1.76 

32.7 

35 

Meat  diet 

2.83 

7.9 

38.1 

36 

Coconut  oil 

2.50 

6.3 

24.8 

31 

Olive 

oil 

2.24 

4.8 

44.6 

31 
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flask.  Alcoliol  was  added  to  cover  the  material,  then  10  gin.  of 
stick  potassium  hydroxide,  after  which  the  flask  was  connected 
with  a  reflux  condenser  and  boiled  for  5  hours.  At  the  end  of  the 
time  the  mixture  was  diluted  with  water,  acidified  with  hydro- 
chloric acid,  and  completely  extracted  with  ether.  The  extracts 
were  united,  washed  with  water,  the  ether  was  distilled  off,  and 
the  residue  dried  in  a  vacuum  desiccator  for  24  hours.  The 
residue  was  then  extracted  with  petroleum  ether,  the  extract 
filtered,  the  ether  distilled  off,  and  the  fatty  residue  dried  as  before 
and  weighed.  In  this  series  of  experiments  no  account  was  taken 
of  the  cholesterol-like  substances  (unsaponifiable  matter).  In 
determining  their  fat  content  the  food  materials  were  treated  in 
the  same  way  as  the  feces.  Iodine  number  determinations  were 
made  by  the  Wijs  method.  Five  experiments  were  carried  out 
with  the  fat-free  and  meat  diets,  four  with  coconut  oil,  and  eight 
with  olive  oil.  The  results  of  the  experiments  are  given  in 
Table  I. 

DISCUSSION. 

Total  Fat. — The  total  "fat"  in  the  feces  varies  a  great  deal  on 
all  the  diets  so  that  the  average  has  not  much  meaning;  but 
inspection  of  the  data  on  the  experiments  will  show  that,  as  would 
be  expected,  there  is  less  fat  in  the  feces  on  the  fat-free  diet  than 
on  the  others.  Of  the  other  tliree  the  meat  diet  yields  the  largest 
amount,  due  probably  to  enclosure  of  fat  by  the  tissue,  and  the 
ohve  oil  the  least.  Probably  for  the  same  reason  (enclosure)  the 
percentage  feces  fat  of  food  fat  is  highest  on  the  meat  diet. 

Iodine  Nmnher. — The  iodine  number  is  highest  on  the  olive 
oil  diet  and  lowest  on  the  coconut  oil,  but  in  neither  case  does  it 
approach  the  values  of  the  fat  fed,  having  rather  a  value  not  so 
greatly  different  from  that  of  the  fat-free  diet.  It  is  plain  that 
the  fat  of  the  food  has  some  influence  on  the  feces  fat  but  the 
influence  is  not  great,  especially  when  the  amounts  of  fat  fed  are 
moderate,  as  in  these  experiments. 

Melting  Point. — The  melting  point  of  the  feces  fat  is  relatively 
constant,  but  is  consistently  lower  on  the  fat  diets  than  on  either 
the  fat-free  or  the  meat  diet,  showing  again  the  influence  of  the 
fat  of  the  diet  on  the  feces  fat.  The  melting  point  .of  the  feces  fat 
is  almost  always  below  body  temperature. 
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Those  results  show,  in  agreement  with  the  work  of  earlier 
investigators,  that  "fat"  is  to  be  found  in  the  feces  whether  it  is 
present  in  the  food  or  not,  and  that  fat  in  the  food  increases  the 
feces  fat,  but  only  to  a  comparatively  small  extent.  They  show 
further  that  the  nature  of  the  "fat"  of  the  feces  is  to  a  great  extent 
independent  of  the  food  fat,  being  much  the  same  no  matter 
which  of  two  widely  different  fats  were  fed  or  whether  none  was 
fed  at  all.  Taken  altogether  they  indicate  a  continuous  output 
of  "fat"  in  the  feces  of  a  constant  composition  independent  of 
the  diet. 

The  constancy  of  the  feces  fat  independent  of  the  diet  favors  the 
idea  of  a  fat  excretion,  but  might,  of  course,  be  explained  as  due  to 
a  constant  output  of  cellular  waste  from  the  intestine  and  from 
bodies  of  bacteria.  The  answer  of  Voit  to  this  possibilitj'  (see 
above)  is  not  convincing,  since  the  presence  of  much  cellular 
material  in  the  feces  cannot  be  denied.  The  fact  that  fatty 
material  can  be  collected  from  isolated  portions  of  the  intestine 
under  conditions  which  to  a  large  extent  exclude  a  cellular  origin 
(Thir}-  fistula)  is  a  better  answer  to  the  objection,  but  imfor- 
tunately  there  is  not  much  evidence  of  this  nature  available. 
It  is  not  unlikely  that  feces  fat  may  have  more  than  one  origin 
just  as  the  fatty  material  from  the  skin  comes  partly  from  des- 
quamated epithelium,  and  partly  from  the  sebaceous  glands. 

SUMMARY. 

When  moderate  amounts  of  fat  are  fed  the  fat  of  the  feces  is 
largely  independent  of  the  diet,  and  in  composition  approaches 
that  from  a  fat-free  diet. 

The  comparative  constancy  of  composition  of  the  feces  fat 
favors  the  idea  of  a  fat  e.xcretion  from  the  intestine  but  while  an 
excretion  is  probable  it  cannot  be  regarded  as  proven  in  view  of 
the  undetermined  influence  of  lipoid  from  free  cellular  material. 

The  feces  fat  cannot  onlinarily  be  regarded  as  unabsorbed  food 
fat  and,  therefore,  feeding  experiinents  as  a  test  of  the  extent  of 
utilization  of  food  fat  are  of  doubtful  value  unless  account  be 
taken  of  the  amount  and  kind  of  fat  which  appears  in  the  feces 
independently  of  the  food. 
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INTRODUCTION. 

Sahli  demonstrated  as  the  underlying  principle  of  his  well  known 
hemometer,  that  the  color  intensity  of  an  acid  hematin  solution 
varies  directly  as  the  amount  present,  a  relation  which  does  not, 
however,  hold  for  all  colored  compounds.  This  allows  the  prepa- 
ration of  solutions  of  any  desired  strength  from  more  concen- 
trated ones  according  to  the  simple  rules  employed  in  volumetric 
work.  But  owing  to  a  certain  lack  of  permanence  of  all  dilute 
acid  hematin  solutions,  new  ones  must  be  prepared  at  intervals 
depending  to  some  extent  upon  the  method  of  preparation  and 
preservation.  These  are  best  standardized  by  comparison  with 
blood  whose  hemoglobin  has  been  determined  by  tlie  oxygen 
capacity  method  of  Van  Slyke,  as  recently  modified  by  Van  Slyke 
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and  t>tadie  (1).  The  latter  method,  although  very  accurate, 
n-quircs  considerable  experience  in  order  to  obtain  consistent 
results.  Attempts  have  therefore  been  made  to  devise  a  standard 
which  limits  as  far  as  possible  both  the  number  and  frequency  of 
such  checks. 

Cohen  and  Smith  (2),  and  later  Robscheit  (3)  employed  con- 
centrated stock  solutions  of  acid  hematin  from  which  dilutions 
were  prepared  at  frequent  intervals. 

The  method  as  described  by  these  authors  has  several  Objec- 
tionable features.  On  standing,  the  stock  solution  deposits  a 
sediment,  and  dilutions  are  always  very  turbid,  more  so  when 
prepared  from  old  solutions;  also  changes  in  color  can  be  demon- 
strated often  within  2  months,  sufficient  to  prevent  accurate 
color  matching.  Fading  occurs  to  a  variable  degree,  although 
the  turbidity  and  color  change  after  a  time  make  it  difficult  to 
estimate.  Accordingly,  various  modifications  were  tried  in  at- 
tempts to  produce  a  more  satisfactory  stock  solution,  of  which  the 
following  is  recommended. 

Production  of  Standards. 

1.  Stock  Solutions  of  Acid  Hema^m.— Defibrinated  or  oxalated  blood  is 
centrifuged,  the  serum  removed,  sufficient  water  added  for  laking,  and 
hydrochloric  acid  added  to  a  concentration  of  0.1  n.  This  i.s  allowed  to 
stand  for  24  hours  at  room  temperature  for  full  color  development.  The 
solution  formed  corresponds  very  well  to  that  prepared  by  the  method  of 
Cohen  and  Smith,  or  Robscheit,  but  the  absence  of  the  greater  part  of  the 
serum  proteins  favors  concentration  as  described  later.  The  solution  so 
prepared  is  distinctly  turbid,  but  by  repeated  filtration,  preferably  through 
hardened  papers,  a  perfectly  clear  solution  is  obtained,  having  a  concen- 
tration of  from  7  to  12  per  cent  depending  upon  that  of  the  unfiltered  prepa- 
ration, and  showing  only  a  very  slight  degree  of  sedimentation  even  after 
standing  for  a  week. 

Still  more  concentrated  solutions,  however,  are  desirable  both  from  the 
standpoint  of  stability  and  convenience.  Since  heating  is  injurious,  con- 
centration is  best  accomplished  by  evaporation  with  an  electric  fan,  the 
solution  being  poured  into  a  flat  dish.  The  process  requires  several  hours 
and  should  be  carried  out  in  as  dust-free  an  atmosphere  as  possible.  When 
the  solution  has  reached  a  syrupy  consistency  it  is  again  filtered,  this  time 
by  suction,  in  order  to  remove  any  dust  particles  taken  up  during  evapora- 
tion. Evaporation  is  continued  to  the  thickest  solution  that  can  be 
measured  with  a  pipette,  usually  corresponding  to  from  15  to  20  per  cent 
according  to  Haldane's  scale.    A  known  dilution  is  then  standardized 
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against  a  known  acid  hematin  solution  and  the  concentration  of  the  stock 
solution  calculated.  It  is  then  diluted  to  a  convenient  point,  preferably 
not  below  15  per  cent,  and  for  later  convenience  accurately  measured 
into  2  cc.  brown  glass  ampules.  Care  must,  of  course,  be  taken,  owing 
to  the  viscosity  of  the  solution,  to  allow  the  pipette  to  drain  very  slowly. 

Preservation. — The  more  highly  concentrated  solutions  require 
no  preservative,  some  specimens  having  stood  in  the  laboratory 
for  several  months  without  decomposition.  More  dilute  solu- 
tions may  show  a  growth  of  mold  after  long  standing,  but  this  can 
be  prevented  by  the  addition  of  from  10  to  20  per  cent  of  gh'cerol. 

T.\BLE  I. 
Percentages  of  Color  Retained  by  Stock  Solutions  after  Sealing  in  Ampules. 


Since  sealing. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Color  retained. 


Solution  1. 

Solution  2. 

per  cent 

per  cent 

98 

98 

96 

97 

96 

97 

95 

96 

95 

95 

95 

95 

94 

95 

94 

94 

94 

94 

93 

92 

Solution  3. 


per  cent 

97 
97 
96 
96 
95 
95 
95 
94 
94 
93 


Dilutions  made  from  these  ampules,  of  a  strength  usually 
employed  for  colorimetric  work,  are  perfectly  clear,  and  show  only 
the  slightest  tendency  to  sedimentation.  This  may  be  prevented 
abnost  indefinitely  by  incorporating  from  10  to  20  per  cent  of 
glycerol  in  the  diluting  fluid.  The  glycerol  furthermore  serves 
as  an  effectual  preservative. 

Stability.— In  order  to  test  the  stability  of  these  ampules  under 
varying  conditions,  some  were  placed  in  a  refrigerator,  and 
others  kept  in  the  dark  at  room  temperature.  These  were 
broken  at  intervals  of  a  month,  and  tested  against  an  acid  hematin 
solution  of  known  strength.  The  results  shown  in  Table  I  are 
taken  from  those  kept  at  room  temperature,  and  are  expressed  in 
percentages  of  the  strength  at  the  tinae  of  seahng. 
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There  was  no  appreciable  difference  in  the  case  of  those  kept  in 
the  refrigerator.  In  both  instances,  fading,  while  more  rapid 
during  the  first  few  months,  continued  slowly.  At  no  time  was 
any  qualitative  alteration  of  color  noted. 

2.  Acid  Hematin  Protein  Powder.— ^mce  all  solutions  of  acid 
hematin  are  obviously  subject  to  change,  and  in  consideration  of 
the  almost  invariably  greater  stability  of  pigments  in  dry  form, 
it  seemed  logical  to  assume  that  if  the  preparation  could  be  re- 
duced to  a  dry  powder,  from  which  standards  could  be  prepared 
by  weight,  an  important  step  toward  the  stability  of  stock  prepa- 
rations would  be  made.  Attempts  to  prepare  such  a  powder 
by  continuing  the  evaporation  of  the  above  solutions,  resulted  in 
preparations  which  although  giving  perfectly  clear  solutions  with 
almost  no  tendency  to  sedimentation,  were  at  times  soluble  only 
with  the  greatest  difficulty,  and  at  others,  showed  sufficient 
deviation  from  the  true  color  to  prevent  exact  matching.  The 
disturbing  element  seems  to  be  the  presence  of  too  much  inert 
material.  The  following  method,  which  resembles  very  closely 
that  employed  by  Williamson  (4)  for  preparing  purified  solutions 
of  hemoglobin  was  found  satisfactory  for  its  removal. 

F/-epara(iore.— Several  hundred  cc.  of  defibrinated  or  oxalated  blood 
are  centrifuged,  the  serum  i.s  removed,  and  the  cells  are  washed  four  times 
with  normal  saline  solution.  The  washed  cells  are  mixed  with  an  equal 
volume  of  distilled  water,  sufficient  ether  is  added  to  produce  complete 
laking,  the  mixture  thoroughly  shaken  and  allowed  to  stand  10  minutes. 
It  is  filtered  or  centrifuged  to  remove  the  stroma  of  the  red  cells,  first 
diluting  slightly  with  distilled  water  if  too  viscid.  The  filtrate  is  a  clear 
dark  red  liquid  still  containing  variable  amounts  of  protein.  This  is 
removed  by  the  addition  of  an  equal  volume  of  aluminum  cream  prepared 
according  to  the  method  of  Tracy  and  Welker  (5),  followed  by  filtration 
by  suction  or  preferably  centrifugalization.  Alcohol  is  then  added  in 
small  portions  with  constant  shaking,  until  it  constitutes  about  20  per  cent 
of  the  volume.  An  appreciable  precipitate  here  would  indicate  that  all 
the  serum  protein  had  not  been  removed,  although  a  slight  turbidity  almost 
always  results  from  the  action  of  the  strong  alcohol  before  being  suflficiently 
diluted.  In  either  event  the  solution  should  be  again  filtered  through  a 
hardened  paper,  preferably  without  suction. 

Air  or  oxygen  is  then  blown  through  the  solution  until  the  hemoglobin 
is  completely  .saturated,  after  which  J  volume  of  0.25  n  hydrochloric  acid  is 
added  in  small  amounts  with  constant  shaking.  Instead  of  the  turbid 
solution  obtained  by  the  addition  of  acid  directly  to  whole  blood,  a  very 
dark  sometimes  syrupy,  but  perfectly  clear  product  results.    At  least  24 
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hours  should  be  allowed  for  full  color  development.  Under  no  circum- 
stances should  it  be  warmed,  since  it  may  change  to  a  gelatinous  mass 
soluble  only  with  great  difficulty  after  drying. 

Evaporation  should  be  carried  out  in  the  same  manner  as  above  de- 
scribed, and  when  the  consistency  of  a  thick  syrup  is  reached,  the  solution 
is  again  filtered  as  before  through  a  hardened  paper.  Evaporation  to 
dryness  is  then  completed  as  rapidlj'  as  possible,  the  mixture  being  fre- 
quently stirred.  If  facilities  are  available,  evaporation  may  be  most 
rapidly  completed  over  phosphorus  pentoxide  under  greatly  reduced 
pressure,  a  procedure  which  furthermore  precludes  any  possibility  of 
contamination  by  dust  particles.  When  thoroughly  dry,  the  entire  bulk 
of  the  preparation  should  be  very  finely  powdered  and  thoroughly  mixed, 
in  order  to  facilitate  solution  as  well  as  to  insure  homogeneity.  The  yield 
from  500  cc.  of  normal  blood  is  about  40  gm. 

Characteristics. — The  resulting  product  is  a  dark  brown,  hard, 
brittle,  vitreous  mass,  rather  easily  soluble  in  distilled  water, 
but  much  less  so  in  0.1  n  hydrochloric  acid.  In  either  instance  it 
forms  a  perfectly  clear  solution,  the  color  of  which  exactly  matches 
that  of  a  freshly  prepared  solution  of  acid  hematin.  It  is  stable 
in  air,  and  does  not  absorb  more  than  0.1  per  cent  of  moisture 
when  exposed.  If  perfectly  dry,  heating  to  100°C.  for  several 
hours  does  not  affect  it,  but  high  temperatures  (160°C.)  render 
it  insoluble.  The  age  of  the  oldest  batch  is  now  over  3  months, 
and  so  far  no  alteration  of  any  of  its  properties  has  been  noted. 

No  attempts  have  been  made  at  analysis,  since  the  product  is 
obviously  a  mixture  of  so  called  "acid  hematin"  with  the  protein 
of  the  broken  hemoglobin  molecule.  It  has  been  said  that  on 
the  conversion  of  hemoglobin  into  acid  hematin,  the  latter  con- 
stitutes approximately  4  per  cent,  while  the  protein  fraction  con- 
stitutes 96  per  cent  of  the  resulting  products.  All  attempts  to 
remove  the  protein  fraction  by  precipitation  have  failed  owing  to 
the  simultaneous  precipitation  of  the  pigment.  It  is  difficult  to 
determine  the  exact  state  in  which  the  latter  exists,  but  if  we  accept 
the  usual  statements  as  to  its  insolubility  in  water  or  hydrochloric 
acid,  we  must  suppose  it  to  be  in  colloidal  form,  the  maintenance 
of  which  is  aided  by  the  relatively  large  amount  of  protein.  This 
assumption  receives  further  support  from  its  failure  to  dialyze 
through  a  parchment  membrane. 

Solutions  made  with  0.1  n  hydrochloric  acid  differ  further  from 
the  substance  commonly  termed  "acid  hematin"  in  that  even 
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in  concentrated  solutions,  no  distinct  bands  are  visible  in  its 
spectrum,  but  only  a  diffuse  absorption  approaching  the  j-ellow 
from  both  sides. 

The  most  striking  characteristic  of  the  product  is,  however,  a 
remarkable  unifornxity  of  color  of  specimens  made  at  different 
times  from  different  kinds  of  blood.  One  might  be  led  to  expect 
this  however,  since  it  is  made  under  identical  conditions  from 
comparatively  pure  solutions  of  hemoglobin.  Although  the  com- 
position of  hemoglobin  undoubtedly  varies  in  the  types  investi- 
gated, this  does  not  seem  to  be  of  a  character  or  degree  sufficient 
to  affect  the  color  of  the  solution  for  colorimetric  work. 

TABLE  II. 

Comparative  Color  of  Different  Preparations  of  Powder  Containing  1  Mg. 

per  Cc. 


Blood. 

r^ource. 

Standard  setting. 

Unknown  reading. 

mm. 

mm. 

1 

Human. 

20 

20.0 

2 

Sheep. 

20 

19.9 

3 

(C 

20 

19.9 

4 

It 

20 

20.0 

5 

it 

20 

20.2 

6 

Dog. 

20 

20.1 

In  order  to  demonstrate  this  uniformity  of  color,  solutions  con- 
taining 1  mg.  of  dry  powder  per  cc.  were  prepared  according  to 
the  method  to  be  described  later,  from  six  different  batches  of 
powder,  which  had  been  made  at  different  times,  from  sheep,  dog, 
and  human  blood,  as  indicated  in  Table  II.  No.  1  was  arbitrarily 
chosen  as  a  standard  with  which  the  others  w-ere  compared.  The 
results  are  given  in  Table  II. 

It  would  seem  that  these  results  obviate  the  necessity  of  check- 
ing by  ^''an  Slyke's  oxygen  capacity  method. 

In  order  to  demonstrate  further  this  constancy  of  color,  two  solu- 
tions, each  containing  1  mg.of  the  dry  powder  per  cc,  were  made  up 
as  described  under  "Preparation  of  standard  solutions,"  from 
each  of  five  different  batches  of  powder.  Each  solution  was  read 
against  0.5  per  cent  acid  hematin  solutions  prepared  as  described 
under   "Procedure  for  hemoglobin  determination,"  from  each  of 
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fifteen  different  bloods  wliose  hen^oglobin  had  been  previously 
determined  by  Van  Slyke's  oxygen  capacity  method.  From  these 
data,  calculations  were  made  of  the  amount  of  dry  powder  per 
CO.  of  solvent  required  to  give  a  color  corresponding  to  a  1  per  cent 
solution  of  acid  hematin  prepared  from  blood  containing  10  gm. 
of  hemoglobin  per  100  cc.  The  average  value  was  1.48  mg. 
per  cc,  the  highest  being  1.51,  and  the  lowest  1.46. 

It  is  thus  seen  that  1.48  mg.  of  the  powder  are  required  to  give 
the  same  color  as  1  mg.  of  hemoglobin  after  conversion  into  acid 
hematin.  One  might  expect  the  amounts  to  be  more  nearly 
equal  in  view  of  the  relative  purity  of  the  hemoglobin  solution 
from  which  the  powder  is  prepared.  The  cause  of  this  difference 
is  not  quite  apparent  and  will  require  further  investigation. 

Standardization. — The  powder  is  prepared  for  standardization 
by  dissolving  a  carefully  weighed  portion,  usually  between  30  and 
50  mg.,  in  sufficient  distilled  water  to  make  a  solution  containing 
2  mg.  per  cc,  and  then  adding  an  equal  volume  of  accurate  0.2  n 
hydrochloric  acid.  Heating  is  to  be  avoided.  Owing  to  slight 
color  changes  which  may  follow  the  addition  of  the  acid,  it  is 
allowed  to  stand  for  an  hour  liefore  reading.  This  is  done  against 
a  solution  of  known  strength  made  from  blood  previousl}'  laked 
with  distilled  water  as  later  described.  From  this  comparison, 
the  number  of  mg.  of  powder  per  cc.  recjuired  to  give  a  solution 
of  any  desired  strength  can  be  readilj'  calculated. 

Preparation  of  Standai'd  Solutions. — Standard  solutions  to  be 
used  regularly  in  the  laboratory  should  contain  from  10  to  20 
per  cent  of  glycerol  in  order  to  prevent  any  slight  sedimentation 
or  the  possible  growth  of  molds.  This  is  best  added  directly 
to  the  water,  and  a  measured  quantity  of  the  mixture  used.  In 
order  to  prepare  a  standard,  the  powder  is  weighed  to  0.1  mg.  and 
the  required  amount  of  solvent  calculated.  It  is  completely  dis- 
solved in  half  this  volume  of  the  above  mentioned  glycerol  solu- 
tion, after  which  an  equal  amount  of  accurate  0.2  n  hydrochloric 
acid  is  added.  After  standing  an  hour  it  is  ready  for  use.  If  kept 
at  room  temperature  in  tightly  stoppered  brown  glass  bottles, 
it  remains  unchanged  for  from  4  to  6  weeks,  but  after  this,  slight 
fading  will  have  occurred,  although  deviation  from  the  true  color 
has  rarely  been  noted  even  after  much  longer  periods.  The  sim- 
plicity of  such  a  method  is  obvious,  and  since  sufficient  materia! 
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can  be  obtained  from  500  cc.  of  blood  to  supply  a  large  laboratory 
or  hospital  for  months,  frequent  preparation  and  standardization 

are  avoided. 

S.  Acid  Hemalin  Fi7ms.— Because  of  the  generally  greater 
stability  of  drv  preparations,  attempts  were  made  to  prepare 
transparent  films  of  acid  hematin  which  could  be  employed  in  the 
same  manner  as  Newcomer's  glass  plate.  The  following  method 
will  be  found  convenient. 

A  concentrated  aqueous  solution  is  prepared  from  the  powdered 
acid  hematin,  and  sufficient  hydrochloric  acid  is  added  to  bring 
the  acidity  to  about  0.1  n.  This  is  added  to  a  moderately  thick 
solution  of  gelatin  previously  filtered  and  cooled  to  about  60°C. 
After  thorough  mixing,  with  care  to  avoid  the  formation  of  air 
bubbles,  it  is  poured  on  carefully  cleaned  35  X  55  mm.  cover- 
glasses.  After  draining  off  the  excess,  these  are  carefully  leveled 
and  placed  in  a  dust-free  place  to  dry. 

A  few  trials  may  be  necessary  to  obtain  the  optimum  color, 
which  may  be  varied  to  suit  the  wishes  of  the  individual  without 
sacrifice  of  accuracy.  Fihns  so  made  are  ahnost  perfectly  uni- 
form except  at  the  edges.  These  can  be  trimmed  off  with  a  dia- 
mond, and  squares  of  any  desired  size  cut  from  the  remainder. 
They  are  mounted  in  balsam  on  thin  white  microscope  slides  and 
standardized  against  a  known  acid  hematin  solution.  A^  factor 
can  easily  be  computed  for  each  film,  expressing  readings  either  in 
percentage  or  grams  of  hemoglobin. 

Compared  with  the  colored  glass  plate  of  Newcomer,  they 
possess  the  decided  advantage  of  a  much  darker  color,  although 
matching  perfectly  that  of  acid  hematin  solutions  and  so  allowing 
greater  ease  and  accuracy  of  readings.  Their  chief  disadvantage 
lies  as  might  be  expected,  in  a  certain  lack  of  permanence,  yet 
kept  in  the  dark  they  have  retained  their  full  color  over  a  period 

of  several  months. 

» 
Turbidity. 

The  effect  of  turbidity  of  both  standard  and  unknown,  in- 
variably present  when  prepared  by  the  addition  of  whole  blood 
directly  to  0.1  n  hydrochloric  acid,  docs  not  seem  to  have  been 
sufficiently  appreciated. 


E.  H.  Ten-ill 


187 


It  has  been  found  impossible  to  duplicate  the  reported  close 
agreements  between  colorimetric  and  gasoraetric  methods  on 
bloods  of  widely  divergent  hemoglobin  content,  using  acid  hematin 
standards  prepared  in  the  usual  manner.  Cohen  and  Smith  (2) 
state  that  they  also  have  found  it  difficult  to  obtain  close  agree- 
ment on  some  bloods.  The  factor  of  turbidity,  which  is  not 
proportional  to  the  amount  of  hemoglobin,  is  offered  as  at  least  one 
possible  explanation  of  this  discrepancy. 

TABLE  III. 

Comparison  of  Hemoglobin  Values  by  Gasomelric  and  Colorimetric  Methods 
Shoiving  Effect  of  Failure  to  Lake  Blood. 


Blood. 

Concentra- 
tion. 

Hemoglobin  by  colorimeter. 

Hemoglobin 
by  oxygen 
absorption. 

Laked. 

Not  laked. 

Difference. 

per  cent 

gm.  per  100 
cc. 

ffrn.  per  100 
cc. 

mm. 

per  cent 

gm.  per  100 
cc. 

1 

0.5 

10.0 

11.0 

1.0 

10.0 

10  1 

2 

0.5 

14.1 

15.2 

1.1 

7.8 

14.3 

3 

0.5 

12.4 

13.5 

1.1 

8.9 

12.7 

4 

0  5 

15.2 

16.4 

1.2 

7.9 

15  0 

5 

0.5 

9.7 

10  6 

0.9 

9  3 

9.7 

6 

0.5 

13.4 

14  3 

0  9 

6.7 

13  5 

7 

0.5 

11  0 

12  0 

1.0 

9.1 

11  0 

8 

0.5 

8.4 

9.4 

10 

11.9 

8  5 

9 

1.0 

10.6 

10.7 

1.1 

10.4 

10  4 

10 

1.0 

15.8 

16.8 

1.0 

6  3 

15  5 

11 

1.0 

13.2 

14.1 

0.9 

6.8 

13  0 

12 

1.0 

12.9 

13.8 

0.9 

7.0 

12.8 

Anyone  can  easily  demonstrate  that  the  addition  of  whole 
blood  directly  to  0.1  n  hydrochloric  acid  gives  values  from  6  to  12 
per  cent  higher  than  those  obtained  ivom  the  same  blood  first 
laked  by  adding  it  to  distilled  water.  It  is  obvious  that  the 
higher  readings  can  only  be  due  to  turbidity,  since  all  other  factors 
are  equal. 

In  order  to  demonstrate  this,  two  O.Oo  cc.  samples  were  taken 
in  the  same  pipette  from  the  same  specimen  of  blood.  One  was 
delivered  directly  into  10  cc.  of  0.1  n  hydrochloric  acid,  and  the 
other  into  5  cc.  of  distilled  water  contained  in  accurate  10  cc. 
graduates.     To  the  latter  after  complete  laking,  which  requires 
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about  h  minute,  0.2  n  hydrochloric  acid  was  added  to  the  10  cc. 
mark.  After  standing  24  hours  these  were  read  against  an  acid 
hematin  standard  prepared  from  the  powder,  corresponding  to  a 
1  per  cent  solution  made  from  blood  containing  10  gm. of  hemoglobin 
per  100  cc.  When  readings  are  made  with  this  standard  against 
20  mm.  of  the  unknown,  the  depth  in  mm.  is  equal  to  the  number 
of  grams  of  hemoglobin  per  100  cc.  of  the  unknown  blood.  The 
results  in  Table  III  are  so  expressed. 

It  is  apparent  from  Table  III  that  the  difference  in  readings  on 
laked  and  unlaked  bloods  tends  to  be  constant,  rather  than  to 
bear  a  relation  to  the  amount  of  hemoglobin.  Using  the  unknown 
as  a  0.5  per  cent  solution  prepared  by  adding  directly  to  0.1  N 
hydrochloric  acid,  the  average  increase  of  color  is  seen  to  equal  1 
mm.  of  the  standard,  or  1  gm.  of  hemoglobin  per  100  cc. 
Employing  the  unknown  as  a  1  per  cent  solution,  the  difference 
is  the  same.  But  if  the  standard  be  of  equal  turbidity,  which  seems 
to  be  the  case  when  similarly  prepared,  the  error  due  to  this 
factor  approaches  zero  as  the  hemoglobin  values  approach  one 
another. 

It  has  been  found  that  if  the  blood  is  first  laked  by  adding  it  to 
an  amount  of  distilled  water  equal  to  half  the  required  final 
volume,  then  making  up  to  volume  with  0.2  n  hydrochloric  acid, 
that  turbidity  is  so  greatly  reduced  as  to  become  scarcely  dis- 
cernible. By  this  means  the  variations  between  the  colorimetric 
and  gasometric  methods  may  be  brought  within  the  percentage  of 
error  of  colorimetric  readings. 

Effect  of  Variation  of  Temperature  and  Add  Concentration. 

The  effect  of  variations  of  temperature  and  acid  concentration 
have  been  discussed  by  StaubU  (6),  Newcomer  (7),  and  Meuleng- 
racht  (8),  who  offered  certain  alterations  of  technique  tending 
toward  increased  accuracy.  All  present  curves  of  color  develop- 
ment, but  that  of  Newcomer  determined  by  spectrophotometric 
methods,  presumably  using  0.1  n  hydrochloric  acid  at  room  tem- 
perature, is  probably  the  most  accurate.  Berman  (9)  recom- 
mends boiling  the  acid  hematin  solution  for  1  minute  to  develop 
the  maximum  color. 

The  employment  of  heat,  while  perhaps  applicable  to  the 
Sahli  hemometer   for  which  it  was   recommended,   is  scarcely 


E.  H.  TerriU  189 

practicable  for  accurate  colorimetric  work  unless  precautions  are 
taken  to  standardize  its  application.  Boiling  invariablj'  pro- 
duces increased  turbidity  with  consequent  higli  readings.  Heat- 
ing to  60°C.  seems  to  prevent  this,  but  even  so,  except  with  great 
precautions  results  may  be  inaccurate.  Variations  due  to  slight 
differences  of  acid  concentration  which  might  result  from  using 
approximate  acids,  seems  to  be  more  apparent  if  solutions  are 
heated  to  develop  the  color  than  if  allowed  to  stand  at  room  tem- 
perature. 

Heating  over  a  free  flame  even  with  a  thermometer  inserted 
may  give  inaccurate  results,  most  probably  due  to  the  variable 
time  required  to  reach  the  desired  temperature.  The  only  way 
in  which  such  factors  can  be  accurately  controlled  seems  to  be  by 
employing  an  accurately  standardized  acid,  placing  a  definite 
amount  of  the  solution  in  a  test-tube  of  standard  size,  and  im- 
mersing for  a  constant  length  of  time  in  a  water  bath  at  a  constant 
temperature.  For  routine  use  this  is  unnecessarily  troublesome, 
especially  since  accurate  results  may  be  obtained  by  the  applica- 
tion of  Newcomer's  equation:  xy  =  —c,  where  x  =  the  time  in 
minutes  since  the  addition  of  the  acid;  y  =  100—  the  percentage 
of  color  developed ;  and  —  c  =  40. 

DISCUSSION. 

The  employment  of  a  stock  acid  hematin  solution,  prepared  as 
suggested  and  kept  in  sealed  ampules,  may  be  of  advantage  from 
the  standpoint  of  circumstances,  since  no  analytical  balance  is 
required  in  the  preparation  of  dilutions.  Such  stock  solutions 
even  when  most  carefull}-  prepared  and  preserved,  are  not  per- 
fectly stable,  and  fading  does  occur,  although  since  no  alteration 
from  the  true  color  has  been  noted  even  in  preparations  nearly  a 
year  old,  and  since  fading  is  considerably  less  after  the  first  few 
months,  an  occasional  check  by  the  oxygen  capacity  method  may 
be  all  that  is  required.  The  eniploj-ment  of  brown  glass  for  both 
stock  solutions  and  standards  seems  to  increase  their  permanence. 

The  powdered  preparation  on  the  other  hand,  has  shown  no 
change  even  after  several  months,  and  at  present  there  seems  to  be 
no  reason  for  doubting  its  permanency.  It  is  stable  at  least  under 
all  ordinary'  conditions,  and  if  dry  is  not  affected  by  moderate  heat. 
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It  is  remarkably  constant  in  composition  and  for  ordinary  use, 
if  properly  prepared,  need  not  necessarily  be  checked  by  Van 
Slyke's  gasometric  method. 

Although  an  accurate  balance  is  required  for  the  preparation 
of  standards,  these  need  not  be  made  except  at  infrequent  inter- 
vals provided  they  are  properly  preserved.  Known  amounts  of 
powder  may  be  readily  sealed  in  glass  containers,  and  these  broken 
when  desired.  This  would  allow  one  to  employ  the  method 
clinically  where  even  occasional  access  to  a  balance  is  possible. 

Solutions  prepared  as  indicated  are  of  unvarying  accuracy  and 
can  be  duplicated  at  will.  Furthermore,  it  is  possible  to  prepare 
them  of  any  desired  strength  by  simple  calculation.  They  may 
be  used  in  any  colorimeter,  and  are  especially  applicable  to  the 
wedge  type  owing  to  the  absence  of  sedimentation.  They  are 
more  stable  than  when  prepared  in  the  usual  manner,  and  their 
permanent  transparency  is  an  undeniable  advantage  for  all 
colorimetric  work. 

The  additional  step  of  preliminary  laking  of  the  blood  sample 
before  adding  it  to  the  acid  is  advisable  both  in  standardization 
and  routine  determinations,  since  the  time  required  is  neghgible 
and  closer  agreement  of  the  colorimetric  and  gasometric  methods 
on  bloods  of  widely  different  hemoglobin  content  is  assured. 

Procedure  for  Hemoglobin  Deterini nations. — A  pipette  contain- 
ing 50  c.mm.,  which  can  readily  be  filled  from  a  finger  prick  has 
been  found  most  suitable.  This  is  filled,  the  blood  thoroughly 
mi.xed  with  5  cc.  of  distilled  water  in  an  accurate  10  cc.  graduate, 
and  the  pipette  rinsed.  After  standing  5  minute  to  insure  com- 
plete laking,  0.2  n  hydrochloric  acid  is  added  to  the  10  cc.  mark, 
making  a  0.5  per  cent  solution  of  acid  hematin.  After  standing 
10  to  15  minutes  it  may  be  read.  To  read,  the  unknown  is  placed 
on  the  left  side  of  the  Duboscq  colorimeter  and  set  at  20  mm.,  the 
readings  being  made  with  the  standard. 

Ordinarily  a  liquid  standard  is  preferred  to  the  gelatin  film, 
since  it  permits  the  use  of  any  desired  depth  of  color.  A  solution 
corresponding  to  10  gm.  of  hemoglobin  per  100  cc.  has  been  found 
most  desirable,  for  when  the  unknown  is  made  up  as  a  0.5  per  cent 
solution  as  above  described,  and  set  at  20  mm.,  readings  being 
matle  with  the  standard,  the  depth  of  the  latter  in  mm.  is  equal  to 
the  number  of  grams  of  hemoglobin  per  100  cc.  of  the  unknown 
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blood.     Corrections  may  then  be  made  from  Newcomer's  equa- 
tion, the  time  since  the  addition  of  the  acid  being  known. 

This  method  has  been  used  in  a  large  number  of  determinations, 
and  can  be  recommended  as  practicable,  convenient,  and  accurate. 

SUMMARY. 

1.  Methods  are  offered  for  preparing:  (a)  A  concentrated  stock 
solution  of  acid  hematin  to  be  kept  in  ampules;  (b)  a  stable 
dry  acid  hematin  protein  powder  of  uniform  color,  from  which 
standards  may  be  prepared  by  weight;  (c)  transparent  acid 
hematin  gelatin  fihns  which  may  be  substituted  for  Newcomer's 
glass  plate. 

2.  The  factor  of  turbidity  invariably  present  in  acid  hematin 
solutions  as  usually  prepared  from  whole  blood  is  discussed,  and 
suggestions  are  offered  for  its  elimination. 

3.  The  employment  of  heat  for  the  more  rapid  development  of 
maximum  color  has  been  found  objectionable. 

4.  A  method  suitable  for  routine  hemoglobin  determinations  is 
proposed. 
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It  is  a  generaUy  accepted  fact  that  the  .synthesis  of  the  sulfur- 
containing  bile  acids  proceeds  according  to  the  foUowing  equations: 

H2CS SCH2  CH.SH       CH.SO.OH 

niNHs  CHNH,  ^CHNHo-^CHNHs      -^ 

COOH         COOH         COOH         COOH 

(Cystine)  (Cysteine)    (Cysteic  acid) 

CH2SO2OH 
I      -.„       -^  Taurocholic,  etc.  (bile  acids) 

Cxl2i\Xl2 

(Taurine) 

The  cystine  used  by  the  body  for  the  synthesis  of  bile  acids  is 
derived  from  the  common  protein  catabolism  and  includes  both 
endogenous  and  exogenous  factors  (1).  Taurine  appears  to  be 
available  for  combination  with  cholic  acid  at  all  times  and  hence 
is  not  the  limiting  factor  which  determines  the  amount  of  bile 
acids  which  the  body  can  synthesize.  Our  e.xperimental  work 
with  the  above  as  well  as  with  certain  closely  related  compounds 
has  been  restricted  to  the  determination  of  the  ability  of  the  body 
to  oxidize  the  sulfur  to  sulfates  and  to  utilize  the  nitrogen.  We 
have  also  been  interested  in  the  relative  rates  of  excretion  of  the 
nitrogen  and  of  the  sulfur  of  cystine  and  in  the  possible  conjuga- 
tion of  taurine  with  urea  to  form  taurocarbamic  acid.  The  sub- 
stances studied  afford  an  excellent  opportunity  for  the  correlation 
of  chemical  structure  with  fate  in  the  body.     The  demands  of  the 

*  Aided  by  a  grant  from  the  Research  Board  of    the    University    of 
California. 
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body  for  sulfur  are  probably  entirely  supplied  by  cystine  and  not 
by  the  ingestion  of  other  substances  which  we  have  administered 
to  the  dog.  However,  certain  of  the  compounds,  particularly 
taurine  (2),  occm-  as  normal  constituents  of  food  products  and  are 
ingested  in  small  quantities. 

The  experiments  of  Salkowski  (3),  Smith  (4),  and  HefTter  (5) 
with  respect  to  tlie  ability  of  the  dog  to  oxidize  the  sulfur  which 
is  contained  in  sulfonic  acids  to  sulfuric  acid  are  at  varianc^,  and 
suuilarly,  the  statement  that  thiosulfuric  acid  appears  in  the 
urine  when  cystine  is  fed  (6)  is  not  confirmed  by  the  experiments  of 
all  who  have  worked  on  this  subject  (7).  Experiments  which 
were  carried  out  in  this  laboratory  by  Schmidt  (8)  and  his  co- 
workers show  clearly  that  when  taurine  is  ingested  by  man  there 
is  no  marked  increase  in  urinary  sulfates  and  that  contrary  to 
the  reports  of  Salkowski  taurine  is  not  excreted  as  taurocarbamic 
acid  but  as  free  taurine  (9). 

EXPERIMENTAL. 

The  experimental  work  was  carried  out  on  dogs  which  were 
kept  on  constant  diets  containing  a  low  but  not  a  minimal  amount 
of  protein.  The  dosage  of  the  particular  substance  given  was 
added  to  a  part  of  the  food  which  was  fed  first.  Certain  of  the 
animals,  particularly  Dog  1,  consumed  the  food  rapidly,  the 
others  more  slowly.  Urine  collections  were  made  in  a  metabolism 
cage  in  the  usual  manner  and  the  dogs  were  catheterized  at  the 
end  of  the  2-1  hour  period.  Estimations  of  the  sulfur  fractions 
were  carried  out  with  the  aid  of  the  methods  of  Fohn  (10)  and  of 
Denis  (11)  and  the  amino  nitrogen  estimations  were  performed 
with  the  aid  of  ^'an  Slyke's  method  (12).  Cysteic  acid  was  pre- 
pared from  cystine  according  to  the  method  described  by  Fried- 
mann  (13).  Taurine  was  obtained  from  the  abalone  {Haliotis)  by 
the  method  described  by  Schmidt  and  Watson  (2).  For  the  prep- 
aration of  isethionic  acid,  taurine  was  treated  with  an  excess  of 
nitrous  acid  as  suggested  by  W.  Gibbs  (14),  and  after  acidifying 
and  evaporating  the  solution,  the  residue  was  extracted  wdth 
absolute  alcohol  from  which,  on  cooling,  the  product  crystallizes. 
The  results  are  given  in  Tables  I  to  VI  and  a  resume,  showing  the 
significant  figures  of  these  experiments,  is  contained  in  Table  VII. 
In  the  interpretation  of  the  data,  due  consideration  must  be  given 


TABLE  I. 
Experiment  1.     Dog  1. 


Day 
of  ex- 
peri- 
ment. 

Total 
sulfur. 

Inor- 
ganic 
sulfur. 

Ethe- 
real 
sulfur. 

Neu- 
tral 
sulfur. 

Total 
nitro- 
gen. 

a-am- 
ino 

nitro- 
gen. 

Remarks. 

om. 

gm. 

gm. 

gm. 

gm. 

mo. 

1 

0.291 

0.159 

0.030 

0.103 

4.23 

170 

Weight  13.9  kilos. 

2 

0.254 

0.129 

0  012 

0.123 

3.70 

118 

3 

0.206 

0.121 

0.010 

0.075 

3.36 

90 

5.80  gm.  taurine  =  |Qgg^^^^. 

4 

1.277 

0.145 

0.015 

1.117 

4.20 

493 

6 

0.328 

0.152 

0.022 

0.154 

3.46 

134 

6 

0.827 

0.212 

0.014 

0.602 

3.81 

166 

6.7  gm.  cysteic  acid  as  Na  salt  = 
f  1.123  gm.  S 
\0.49  gm.  N 

7 

0.298 

0.085 

0.006 

0.207 

3.33 

144 

8 

0.915 

0.178 

0.013 

0.724 

3.78 

178 

7.0  gm.  cysteic  acid  as  Na  salt  = 
11.171  gm.  S 
\0.510  gm.  N 

9 

0.342 

0.075 

0.010 

0.256 

3.28 

105 

10 

1.120 

0.185 

0.010 

0.925 

4.10 

184 

3.7   gm.    isethionic    acid*    as   Na 
salt  =  0.795  gm.  S.     Slight  diar- 
rhea, also  diuresis. 

11 

0.746 

0.111 

0  013 

0  622 

3.76 

157 

Soft  stools. 

12 

0.637 

0.134 

0  014 

0.489 

3.44 

141 

13 

0.680 

0.120 

0.015 

0.545 

3.15 

100 

2.8  gm.  isethionic  acid*  as  Na  salt 
=  0.613  gm.  S. 

14 

0.359 

0,131 

0.012 

0.215 

3.33 

94 

15 

1.452 

0.150 

0.012 

1.291 

3.28 

103 

8.2  gm.  isethionic  acidf  as  Na  salt 
=  1.766  gm.  S.     Inorganic  S  = 
0.012  gm. 

16 
17 

0.244 
1.371 

0.121 

0.698 

0.016 
0.016 

0.107 
0.656 

3  55 

4.06 

108 
301 

/2.00  gm.  S 
7.0  gm.  cystine  =  ^Qg^gg^_j^ 

18 

0.675 

0.213 

0.020 

0.443 

3.80 

253 

Soft  stools. 

19 

0.298 

0.185 

0.013 

0.100 

3.36 

90 

20 

0.275 

0.142 

0.007 

0.126 

3.56 

122 

7  gm.  taurocholic  acid  = 
0.441  gm.  S 
0.195  gm.  N 

21 

0.244 

0.142 

0.009 

0.094 

3.74 

106 

Soft  stools. 
Weight  15.9  kilos. 

*  Prepared  from  taurine  by  treatment  with  HNO2. 

t  Kahlbaum  preparation — 50  per  cent  aqueous  solution. 

Daily  Diet. 

Cracker  meal 200  gm. 

Crisco 40   " 

Sucrose 60   " 

Fullers'  earth 50    " 

Condensed  milk 100   cc. 

Distilled  water  sufficient  to  make  a  "stiff  dough." 
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TABLE  II. 

Experiment  2.    Dog  2. 


Day 
of  ex- 
peri- 
ment. 


8 

9 

10 


11 
12 
13 

14 
15 
16 

17 
18 

19 
20 
21 


Total 
sulfur 


Inor- 
ganic 
sulfur 


gm. 

0.103 
0.103 
0.00 
0.919 


Ethe- 
real 
sulfur. 


0  042 
0  053 
0  047 
0.752 


0.267  0  164 


Neu- 
tral 
sulfur. 


0.147 
0.712 


0  077 
0.073 


0.118 
0.079 
0.526 


gm 
0,009 
0  009 
0  008 
0.005 

9.005 
0,010 
0.00 


0.039 
0.023 
0.080 


Total 
nitro- 
gen. 


a-am- 
ino 
nitro- 
gen. 


gm. 
0.052 
0.041 
0.042 
0.163 

0  098 
0  061 
0.632 


0.007 
0  009 
0.006 


0.189 
0.125 
1.203 

0.262 
0  146 
0.125 
0.111 

0.SS8 

0  317 
0.224 
0.152 


0.133 
0  015 
0  051 


0.073 

0.048 
0  440 


Remarks. 


0  010 
0.006 
0.005 


0.0210.008 
0  036  0.007 
0.030  0.01 


0.028 
0.708 

0.134 
0  104 
0.048 


gm, 

3.28 

3.11 

2.86 

3.30 

2.90 
2.55 
2.76 


2.87 
2.54 
2.76 


0.006 
0.006 

0.017 
0.009 
0.034 


0.046 
0.104 

1.147 

0.233 
0.102 
0  083 
0  077 
0.174 

0.166 
O.Ill 
0.070 


2.64 
2.67 
3.03 

2.87 
2.52 
3.05 
2.50 
3.10 

2.60 
2.80 
2.80 


mg. 
49 
60 
50 

109 

79 
77 
63 


66 
50 
55 


Weight  12.7  kilos. 


,2.0gm.  S 
.5  gm.  cystme  =  <  ^  g^g  ^^  jj 


11  cc.  of  Kahlbaum's  50  per  cent 
isethionic  acid  as  Na  salt  = 
1.035  gm.  S.* 


8  gm.  cysteic  acid  as  Na  salt  = 
0.989  gm.  S 
0.425  gm.  N 


67 

56 

515 

84 
76 
65 
68 
155 

95 
46 
68 


6  gm.  taurine  = 


1.54  gm.  S 
0.67  gm.  N 


2.0  gm.  S 
7.5gm.  cystme  =  <|Qg-ggj^_N 


*  Contains  0.013  gm.  S  as  sulfate. 

Diet. 

Cracker  meal 1;5  gm. 

Crisco " 


80 


Sucrose „ 

Fullers'  earth *" 

Condensed  milk ^'^  <^°- 

20  per  cent  beef  extract ^^ 
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to  variability  for  it  is  difficult  in  experiments  of  several  weeks 
duration  to  eliminate  daily  fluctuations  in  the  output  of  urinary 
constituents  and  the  selection  of  normal  values  is  difficult.  In  the 
r^sum^  the  normal  values  were  obtained  either  by  taking  the 
average  of  several  days  of  the  fore  period  or  by  using  the  figures 
preceding  the  experimental  day. 

TABLE  III. 
Experiment  3.     Dog  2.* 


Day 

Urinary  sulfur. 

Urinary 
nitrogen. 

of  ex- 
peri- 
ment. 

Total 

Inor- 
ganic. 

Neu- 
tral 
plus 
ethe- 
real. 

Total. 

a-am- 
ino 

nitro- 
gen. 

Remarks. 

gm. 

ffWl. 

gm. 

gm. 

mg. 

1 

0.398 

0.113 

0.185 

Weight  14.5  kilos. 

2 

0.247 

0.106 

0.141 

3 

0.671 

0.473 

0.19S 

2  gm.  NajS^Oa-SHjO  =  0.516  gm.  Sf 

4 

0.179 

0,082 

0.097 

5 

0.537 

0.426t 

0.111 

1.5  gm.  NajSOs  =  0.381  gm.  St§ 

6 

0.149 

0.071 

0.078 

7 

0.404 

0.300 

0.104 

1  gm.  NajSjOs-SHjO  =  0.258  gm.  S|| 

8 

0.1.55 

0.075 

0.080 

2.49 

52 

_  .                ,.           f2.0gm.  S 
7.5gm.cystme  =  |og7gg^_j^ 

9 

0.946 

0.765 

0.181 

3.21 

75 

10 

0.361 

0.196 

0.165 

2.48 

59 

*  About  a  month  elapsed  between  Experiments  2  and  3,  during  which 
time  the  dog  had  been  returned  to  the  animal  house  and  received  a  meat 
and  bread  diet. 

t  When  the  urine  was  acidified  with  HsPOj  and  distilled,  S  and  SO2  were 
obtained  in  large  amounts. 

J  0 .  046  gm.  S  was  present  as  sulfate. 

§  Distillation  shows  only  traces  of  sulfites  in  the  urine. 

II  Urine  contains  only  a  small  amount  of  thiosulfate. 

Diet. 

Cracker  meal 150  gm. 

Crisco 20   " 

Sucrose 65    " 

Fullers'  earth 40    " 

Condensed  milk 75    cc. 

20  per  cent  beef  extract 10   " 
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TABLE  IV. 

Experiment  4.     Dog  3.* 


Day  of 
exjjeri- 
mont. 


1 

2 
3 

4 

5 
6 


Urinary  sulfur. 


Total. 


gm. 

0.110 
0.126 
0.112 
1.084 

0.241 
0.136 


Inor- 
ganic 
pl\:s 
ethe- 
real. 

gm. 
0.074 
0.083 
0  072 
0.799 

0.186| 
0.095 


Neu- 
tral. 


gm 

0.036 
0.043 
0  040 
0.285 

0.055 
0  041 


Total 
nitro- 
gen. 


gm. 

2.50 
2.68 
2.38 


2.02 
1  96 


Remarks. 


Weight  11.4  kilos. 


7  gm.  cystine 


0.819  gm.  N 
1.87  gm.  S 


*  Young  growing  dog. 

Cracker  meal 

Crisco 


Diet. 


Sucrose 

Fullers'  earth — 
Condensed  milk. 


75  gm. 

15 

tt 

30 

t( 

25 

a 

50 

CC. 

T.^BLE  V. 
Experiment  5.*    Dog  4  (13.5  kilos). 


Day 
of  ex- 
peri- 
ment. 


T  *oi  Inor- 
Total  ganic 
^"""'•■Isultur, 


Ethe- 
real 
sulfur. 


Iim 

0.135 
0.164 
0.180 

0.168 
0.166 


gm 

0.091 
0  104 
0.118 

0.101 
0  097 


Neu- 
tral 
sulfur. 


gm 

0.005 
0  009 
0.007 

0.004 
0.007 


Total 
nitro- 
gen. 


am 

0.039 
0.051 
0.055 

0.063 
0.061 


Remarks. 


gm 

2.50 
2.51 

2.58 

2.42 
2.40 


0.210  gm.  S  as  purified  taurocholic  acid 
given  by  mouth. 


*  Experiments  5  and  6  were  carried  out  in  this  laboratory  by  Mr.  Thomas 

Watson. 

Daily  Diet. 

Lard 

Butter 

Cracker  meal 

Sugar 

Milk •■■•■ 

Kaolin 


30  gm. 

10  " 
200   " 

60  " 
100   cc. 

50    " 
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With  cj'steic  acid  there  is  an  increase  neither  in  urinary  sulfates 
nor  in  amino  nitrogen^  which  indicates  that  dearaination  took 
place  but  that  the  remainder  of  the  molecule  was  apparenth' 
excreted  unchanged.  Neither  sulfurous  nor  thiosulfuric  acid 
was  found  in  the  urine.  In  contrast  to  these  findings  are  the 
results  which  were  obtained  on  feeding  taurine.  The  amino 
nitrogen  figures  indicate  that  taurine  does  not  combine  with  urea 
to  form  taurocarbamic  acid  and  the  sulfur  values  indicate  that 
there  is  no  appreciable  oxidation  of  the  sulfur.  These  facts  agree 
with  the  previous  findings  of  Schmidt  and  Allen  on  man  (9). 
Cj'steic  acid,  which  contains  an  amino  group  in  a  position  alpha 

TABLE  VI. 
Experiment  6.*    Dog  4  (13.5  kilos). 


Day 
of  ex- 
peri- 
ment. 

Total 
sulfur. 

Inor- 
ganic 
sulfur. 

Ethe- 
real 
sulfur. 

Neu- 
tral 
sulfur. 

Total 
nitro- 
gen. 

Remarks. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

1 

0  175 

0  095 

0  012 

0.068 

2.70 

2 

0.177 

0  098 

0  012 

0.067 

2.66 

3 

4 

0.171 
0.945 

0  096 
0.S52 

0  009 
0.020 

0  066 
0.073 

2.62 
3.76 

8.7  gm.  cystine  by  mouth  = 

f2.32gm.  S 
\l.01  gm.  N 

5 

0.456 

0.430 

0  013 

0  013 

2.56 

6 

0.187 

0  098 

0  Oil 

0-078 

2.58 

7 

0.175 

0  096 

0.011 

0.068 

2.68 

*  The  daily  diet  was  the  same  as  in  Experiment  5. 

to  the  carboxyl  group,  is  deaminized  on  passage  through  the  body 
despite  the  fact  that  it  also  contains  a  sulfonic  group,  while 
taurine,  which  reacts  in  vitro  in  all  respects  like  an  a-amino- 
carboxylic  acid,  is  not  so  deaminized.  The  replacement  of  the 
amino  group  of  taurine  h\  a  hydroxyl  group  to  give  isethionic  acid 
does  not  lead  to  an  increase  in  urinary  sulfates.  A  marked  in- 
crease in  the  output  of  both  sulfur  and  nitrogen  coincident  with 
the  administration  of  the  first  dose  of  isethionic  acid  to  Dog  1 
was  found.  Apparently  a  factor  other  than  the  substance  ad- 
ministered was  responsible  for  the  increase  in  endogenous  metab- 


'  Cysteic  acid  yields  its  nitrogen  quantitatively  when  treated  with  HNOj. 
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olism  since  subsequent  doses  of  the  same  substance  to  this 
animal  and  to  another  dog  did  not  show  the  effect. 

No  appreciable  amount  of  thiosulfuric  acid  was  found  in  the 
urine  following  the  ingestion  of  cither  cysteic  acid,  taurine,  or 
isethionic  acid.  This  raises  the  question  why  other  experimenters 
found  thiosulfates  on  feeding  compounds  containing  sulfonic  acid 
radicals.  It  is  possible  that  bacterial  action  was  a  factor  con- 
cerned in  their  experiments.  The  presence  of  small  quantities  of 
suKurous  or  thiosulfuric  acid  in  urine  is  easily  determined  by 
acidif,ying  the  urine  with  H3PO4  and  distilling  in  an  atmosphere  of 
COj.  Our  experiments  with  sodium  sulfite  and  sodium  thiosul- 
fate  indicate  that  if  such  substances  as  isethionic  acid  and  taurine 
are  reduced  to  sulfurous  acid  and  this  compound  is  absorbed, 
o.xidation  is  both  complete  and  rapid."  If  large  quantities  of 
thiosulfuric  acid  are  formed  from  the  administered  substance  by 
bacterial  action  and  absorption  subsequently  takes  place  the  urine 
of  the  animal  will  contain  thiosulfuric  acid,  the  amount  depending 
on  the  dosage  of  thiosulfate  which  is  absorbed.  Our  experiments 
with  sulfites  and  thiosulfates  are  in  agreement  w-ith  the  results 
of  Salkowski  (15),  Lasch  (16),  and  Rost  and  Franz  (17),  and  show 
that  moderate  doses  are  readily  o.xidized  to  sulfates. 

Administration  of  a  7.5  gm.  dose  of  cystine  to  Dog  1  not  only 
led  to  a  considerable  o.xidation  (30  per  cent)  of  the  amino-acid 
as  seen  from  the  increase  in  urinary  sulfates,  but  curiously,  about 
one-half  of  the  amount  administered  was  excreted  in  the  urine 
unchanged,  the  ehmination  of  cystine  extending  over  a  period  of 
2  daj^s.  The  figures  for  both  the  neutral  sulfur  and  the  amino 
nitrogen  support  this  statement  and  the  presence  of  cystine  in  the 
urine  was  estabhshed  by  subsequent  isolation  with  the  aid  of 
Gaskell's  method  (18).  The  elimination  of  unaltered  cystine  in 
the  urine  of  Dog  1  was  probably  due  to  unusually  rapid  absorption 
but  it  is  by  no  means  clear  why  the  ehmination  of  free  amino-acid 
extended  over  the  2nd  day.  Similar  doses  of  cystine  administered 
to  Dogs  2  (Experiments  2  and  3),  3  (Experiment  4),  and  4  (Experi- 
ment 6)  were  followed  by  minimal  increases  in  neutral  sulfur. 
The  major  portions  of  the  absorbed  cystine  were  oxidized  as 
evidenced  by  a  very  marked  increase  in  the  elimination  of  urinary 

'  Unpublished  investigations  with  sulfurous  acid  carried  out  by  one  of 
us  (C.  L.  A.  S.)  on  man  gave  similar  results. 


C.  L.  A.  Schmidt  and  G.  W.  Clark         205 

sulfates.  Ingestion  of  7.5  gm.  of  cystine  did  not  lead  to  the 
appearance  of  either  sulfurous  or  thiosulfuric  acid  in  the  urine  of 
the  experimental  animals. 

From  the  results  of  Experiments  1,  2  (second  dose),  3,  4,  and  6 
(see  also  resum^  table)  it  will  be  noted  that  following  the  ingestion 
of  cystine  the  magnitude  of  the  figures  for  nitrogen  elimination  is 
larger  than  the  magnitude  of  the  corresponding  sulfur  figures. 
From  this  hst  we  may  possibly  eliminate  the  comparison  of  the 
nitrogen  and  sulfur  figures  of  Experiments  1,  2  (second  dose), 
and  4  as  being  not  far  outside  of  the  limits  of  the  normal  variability 
but  the  difference  in  the  percentages  of  cystine  nitrogen  and  sulfur 
recovered  in  the  urine  as  found  in  Experiments  3  and  4  cannot  be 
so  eliminated.  If  the  difference  is  due  to  a  specific  demand  on  the 
part  of  the  animal  for  anabolic  sulfur  a  retention  of  both  nitrogen 
and  sulfur  would  be  expected  since  sulfur  is  built  into  the  protein 
molecule  in  the  form  of  cystine.  It  is  possible  that  we  are  dealing 
with  a  phenomenon  analogous  to  that  studied  by  Folin  and 
Denis  (19).  They  found  that  as  a  result  of  bacterial  action  on  the 
nitrogenous  material  which  has  passed  into  the  large  intestines  the 
ammonia  content  of  the  portal  blood  is  increased.  If  cystine  is 
decomposed  by  bacterial  action  to  NH3  and  H2S  the  former  can 
by  absorption  enter  the  blood  stream  while  the  latter  may  be 
eliminated  through  the  intestines. 

Our  results  also  show  that  the  elimination  of  nitrogen  after 
ingestion  of  cystine  precedes  that  of  sulfur.  This  fact  is  shown 
in  Experiments  2,  3, 4,  and  6.  Certain  of  the  figures  for  the  output 
of  sulfur  on  the  2nd  and  3rd  day  after  ingestion  of  cystine  prob- 
ably lie  within  the  variability  of  the  normal  value;  all,  however, 
point  in  the  same  direction.  The  lag  in  the  excretion  of  sulfur  is 
apparently  not  due  to  a  lag  in  the  elimination  of  sulfates  since  the 
experiment  with  NajSOa  indicates  very  prompt  elimination.  It 
appears  to  us  more  reasonable  to  assume  that  deamination  of  the 
cystine  precedes  the  oxidation  of  sulfur,  with  the  result  that  the 
elimination  of  sulfur  lags  behind  the  nitrogen.  This  explanation 
is  in  accord  with  the  idea  of  Lewis  (20)  that  the  breaking  up  of  the 
cystine  molecule  is  dependent  upon  and  takes  place  subsequent 
to  deamination. 

A  negative  Pettenkofer  test  for  bile  acids  and  normal  values 
for  urinary  sulfur  and  nitrogen  were  obtained  following  the  in- 
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gestion  of  taiii-ocliolic  acid  and  indicate  that  the  urine  is  not  a 
channel  for  the  elimination  of  bile  acids.  Even  in  icterus  the 
amount  of  bile  acids  eliminated  in  the  urine  per  24  hours  does  not 
exceed  several  hundrotl  milligrams.' 

SUMMARY. 

Experiments  were  carried  out  on  dogs  to  determine  the  fate  of 
certain  sulfur  compounds  with  especial  reference  to  those  con- 
cerned in  bile  metabolsim. 

It  was  found  that  taurine  is  excreted  in  the  urine  unchanged 
and  not  as  taurocarbaraic  acid  as  stated  by  Salkowski.  Cysteic 
acid  is  deaminized,  but  the  remainder  of  the  molecule  is  excreted 
in  the  urine  unchanged.  Administration  of  isethionic  acid  is  not 
followed  by  an  increase  in  urinary  sulfates  as  stated  by  several 
investigators.  The  urine  is  not  a  channel  for  the  elimination  of 
bile  acids  when  the  latter  are  fed.  Wlien  given  in  large  doses  the 
major  portion  of  the  absorbed  cystine  is  oxidized  to  sulfates  which 
are  eliminated  in  the  urine.  With  the  exception  of  large  doses  of 
sodium  thiosulfate  the  ingestion  of  the  various  sulfur  compounds 
under  consideration  did  not  lead  to  the  appearance  of  appreciable 
amounts  of  sulfurous  or  thiosulfuric  acid  in  the  urine. 
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Both  Shaffer  (1921)  and  Woodyatt  (1921),  in  recent  articles, 
have  discussed  the  acetonuria  found  in  diabetes,  in  starvation,  and 
in  abnormal  nutrition  due  to  diets  low  in  carbohydrate  as  if  they 
could  be  attributed  to  the  same  type  of  metabolic  disturbance. 
This  seems  to  be  the  conception  of  a  majority  of  the  writers  on  the 
subject  at  the  present  time,  although  some  do  not  accept  tlris 
theory.!  The  outstanding  difference  between  the  two  conditions 
is  that  normal  subjects  develop  acetonuria  when  deprived  of  food, 
while  diabetic  patients  often  show  less  acetonuria  during  a  fast 
than  they  did  befoi'e.  Labbe,  Labbe,  and  Nepveux  (1921)  have  ex- 
plained this  phenomenon  as  follows :  Diabetics  often  receive  more 
food,  particularly  more  fat,  than  they  can  burn,  and  this  excess  of 
fat  leads  to  the  production  of  acetone  bodies;  when  this  excess  of 
fat  is  no  longer  fed,  the  excretion  of  the  acetone  bodies  decreases; 
normal  subjects,  on  the  other  hand,  receive  more  carbohydrate 
than  they  need  to  burn  the  fat  taken,  and  the  withdrawal  of  this 
carbohydrate  causes  a  production  of  acetone  bodies  from  fat — in 
the  case  of  complete  inanition  from  body  fat — and  so  apparently 
we  get  an  entirely  different  response  to  starvation  from  that  given 
by  diabetics.  This  explanation  is  similar  to  that  suggested  by 
the  papers  of  Shaffer  and  Woodyatt  cited  above.  Ladd  and 
Pahner  (1920-21)  have  shown  that  diets  wliich  cause  moderate 
increases  of  acetone  excretion  by  diabetic  patients  are  essentially 
similar  to  those  reported  by  Zellcr  (1914)   and  Lang   (1915)  as 

*  The  subject  matter  presented  here  formed  part  of  a  paper  read  before 
the  American  Society  of  Biological  Chemists  in  December,  1921  (Hubbard, 
Nicholson,  and  Wright,  1922). 

'  See  Joslin  (1917),  p.  162. 
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causing   similar   increases   in    normal    subjects.     In    the    paper 
rrntd  here  further  evidence  is  given  to  support  the  work  o 
?  ndd  and  Pahner   and  a  method  for  studying  differences  in  the 
;:'!::  of  t^subiect  to  mgested  fat  and  to  fat  drawn  from  the 
rp^pive"  of  the  body  is  suggested. 

"Til  a  former  papeV  from  this  institution  (Hubbard  an^  W ugH 
1022^  on  the  study  of  the  acetonuria  developed  by  normal  suD 
Wts  fed  lit  high  in  fat  and  low  in  carbohydrate  the  following 
Sula  is  proposed  for  expressing  the  ketogemc  balance  of  any 
diet  as  a  molecular  ratio: 

1  5  (weightcarbohydrate+JS^eice^^ 
100  X  95  per  cent  weight  fat 

In  this  foi-mula,  which  is  based  on  the  assumption  that^  1  molecule 
o?ghico!e  will  burn  1  molecule  of  ketogenic  material;-    he  factor 
i  5  represents  the  figure  by  which  glucose  must  be  multiphed  to 
^ve  the  molecular  equivalent  of  fatty  acid   25  per  cent  .-eigh 
protein  represents  the  probable  amount  of  glucose  which  can  be 
d  r  V  xl  from  protein  above  that  needed  to  burn  the  acetone  bodies 
wlSch  are  derived  from  the  same  protein,  and  95  per  cent  weight 
raVrepresents  the  amount  of  fatty  acids  which  fat  yields  on  hydrol- 
vsis      From  a  studv  of  the  acetone  found  in  the  urme  as  compared 
with  a  series  of  diets  expressed  in  terms  of  this  ratio  it  was  con- 
duded  that  the  value  of  the  ratio  was  about  80  per  cent  when  the 
aclne  excretion  became  noi^al.     Traces  of  -etone  were   o.md 
in  some  cases  when  the  ratio  had  a  highe.  vane  than  thi,  but 
the  figure  given  seemed  to  represent  the  value  of  the  ratio  of    the 
border-line  diet"  as  accurately  as  it  was  possible  to  ^e  e.mine  it^ 
This  "border-line  diet"  has  the  same  composition  as  that  described 
by  Woodyatt  (1921): 

2  X  carbohydrate  +  i  protein  =  fat  ^ 

»  Shaffer  in  a  paper  recently  read  before  the  American  Society  of  Biobg- 
ical  Chen.  ;ts  has  stated  that  the  ratio  of  1  molecule  of  glucose  to  2  of 
aUv  acid  epresents  the  conditions  for'  complete  oxidation  of  these  com- 
p'ounds  in  tl'e  body,  rather  than  a  ratio  of  1  -olecule  o  1  m^ecule  on 
which  Woodyatt's  formula  and  the  one  in  this  paper  are  based.  He  s^^*^"' 
hoover  that  a  ratio  of  1  molecule  to  1  molecule  g.ves  a  margm  of  safety 
thlh  maL  it  valuable  >n  controlling  the  actual  diets  of  d.abet.c  pat.ents 
(Shaffer,  1922). 
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It  was  necessary  to  introduce  certain  changes  into  the  expression 
of  the  ratio  before  it  could  be  applied  to  the  study  of  cases  of 
diabetes.     Most  of  the  patients,  for  at  least  a  part  of  the  time 
during  which  they  were  under  observation,  received  diets  which 
did  not  mamtain  metabohc  equilibrium.     To  allow  for  this  fact 
the  following  plan  was  adopted:  it  was  assumed  that  all  the 
calories  not  furnished  by  retained  (ingested  and  not  excreted) 
carbohydrate,  or  by  metaboUzed  protein,  were  furnished  by  fat, 
either  by  fat  taken  in  the  diet  or  drawn  from  the  reserve  supplies 
of  the  body;  this  assumption  may  not  be  strictly  correct,  but  it 
must  be  nearly  so  in  the  case  of  most  diabetic  patients,  because 
their  supply  of  glycogen  available  for  combustion  has  been  de- 
pleted by  the  disease.     It  was  impossible  to  detennine  exactly 
how  much  fat  a  patient  must  draw  from  his  reserves  in  a  day,  and 
the  following  calculation  was  used  to  estimate  the  amount  roughly: 
the  basal  metabolism  was  determined,  or,  in  most  cases,  calculated 
from  the  metabohsm  of  normal  subjects  of  the  same  height  and 
weight,  and  an  excess  of  20  per  cent  over  this  was  figured  as  the 
probable  requirement  of  a  diabetic  patient  under  treatment,  who 
was  taking  the  mildest  possible  form  of  exercise.     It  has  been 
found  that  such  diets  would  maintain  the  body  weight  of  nonnal 
subjects  under  similar  conditions  (Hubbard  and  Wright,  1922), 
and,  while  some  diabetics  maintain  their  weight  on  a  smaller 
intake  than  this,  the  figure,  120  per  cent  of  the  basal  requirement, 
seemed  as  good  a  first  approximation  as  could  be  made  for  the 
purpose.     The  calories  from  carbohydrate  utilized  by  the  organ- 
ism were  calculated  by  multipljdng  the  difference  between  the 
carbohydrate  intake  and  the  glucose  excreted  in  the  urine  by  4; 
the  calories  derived  from  protein  can  be  calculated  by  multiplying 
the  total  nitrogen  in  the  urine  by  6.25  to  convert  it  into  terms  of 
protein,  and  then  multiplying  the  product  by  4  to  convert  it  into 
calories,  or  they  can  be  calculated  directly  from  the  protein  fed  if 
the  subject  is  in  nitrogen  equilibrium.     The  svmi  of  the  calories 
derived  from  carbohydrate  and  from  protein  was  subtracted  from 
the  estimated  caloric  requirement  to  give  the  calories  derived  from 
fat,  and  this  difference  was  divided  by  9  to  convert  it  into  terms  of 
grams  of  fat  Inn-ned  by  the  patient.     The  mathematical  expression 
for  the  weight  of  total  fat  burned  based  on  these  assumptions  and 
calculations  is: 
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1-^0  per  cent  calories  -  4  (gm.  carbohydrate  fed  -  gm.  urine 

■  sugar)  -  25  X  gm.  urine  Is =  gm.  fat 

9 

In  the  expression 

1.5  (weight  carbohydrate  +  25  per  cent  weight  protein) 
100  X  95  per  cent  weight  fat 

the  numerator,  which  represents  the  antiketogenic  material 
expressed  as  glucose,  must  be  changed  for  studying  diabetic 
patients.  When  glucose  is  present  in  the  urme  the  amount 
found  should  be  subtracted  from  the  carbohydrate  ingested 
(Shaffer  1'121) ;  when  the  patient  is  not  approximately  in  nitrogen 
equilibrium,  the  urinary  nitrogen  should  be  multiplied  by  1.6 
^1  g  =  ^'\  to  give  the  amount  of  glucose  derived  from  the  pro- 
tein burned  greater  than  that  which  is  necessary  for  complete  com- 
bustion of  the  ketogenic  material  from  the  same  protein.  The 
mathematical  formula  for  expressing  the  ketogenic  balance  of  a 
diet  fed  to  a  diabetic  similar  to  the  one  used  in  studying  the  diets 
of  normal  subjects  (Hulsbard  and  Wright,  1922)  is: 

1.5  (weight  carbohydrate  -  weight  urine  sdgar  +  1.6  weight  urine  N) 
100  X  g5  pg].  cent  weight  fat 

The  amount  of  fat  should  be  estimated  in  some  such  way  as  that 
given  above,  or,  if  possible,  the  proportions  of  the  different  food- 
stuffs should  be  calculated  from  complete  respiratory  exchange 

data.  I-    1  + 

Seven  cases  have  been  selected  out  of  twenty-five  studied  to 
illustrate  the  method.  AU  the  patients  were  receiving  a  treatment 
similar  to  that  outlined  by  Allen  (1913)  and  Joslin  (1917)  and  we 
believe  that  the  cases  selected  for  presentation  took  only  the  food 
furnished  them  from  the  diet  kitchen.  After  a  short  period  of 
starvation,  or,  more  often,  of  marked  undernutrition,  the  food 
furnished  was  increased  slowly.  Fvotnn  was  the  food  first  in- 
creased, and  the  patients  were  receiving  enough  of  this  foodstuff 
to  maintain  them  in  nitrogen  equilibriimi  during  the  larger  part 
of  the  time  during  which  they  wer(>  studied  and  all  were  receiving 
enough  of  this  foodstuff  for  this  purpose  when  the  acetone  excre- 
tion became  normal.     This  made  it  possible  to  base  the  calcula- 
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tion  on  the  protein  intake  without  introducing  errors  in  excess 
of  the  experimental  ones,  and  made  the  results  more  directly  com- 
parable with  those  previously  published  (Hubbard  and  Wright, 
1922).  None  of  the  suljjects  showed  temperatures  above  normal 
during  the  study.  Included  in  each  case  report  is  a  table  in  which 
the  diet,  weight,  alveolar  carbon  dioxide  tension,  })lood  sugar,  and 
the  excretion  of  sugar  and  of  the  acetone  Ijodies  in  the  urine  is 
recorded.  The  alveolar  carbon  dioxide  tension  was  determined 
by  the  method  of  Fridericia  (Fridericia,  1914;  Poulton,  1915);. 
blood  sugar  by  the  Benedict  (1918)  modification  of  the  method  of 
Lewis  and  Benedict  (1915);  and  the  acetone  bodies  by  a  method 
recently  published  (Hubbard,  1921). 

A  chart  has  been  plotted  for  each  case  presented  which  shows 
the  relationship  of  the  calories  fed  to  the  calculated  basal  caloric 
requirement  of  a  normal  subject  of  the  same  height  and  weight;' 
changes  in  body  weight;  the  values  of  the  ratios  described  above 
based  on  the  fat  taken  in  the  diet  and  on  the  probable  amount  of 
fat  actually  burned  by  the  patient;  and  the  total  acetone  bodies 
found  in  the  urine  expressed  as  acetone.  In  these  charts  a  cross 
has  been  used  to  designate  a  positive  sodium  nitroprusside  test 
at  certain  times  when  quantitative  analyses  were  not  made. 

Case  1  had  a  mild  type  of  diabetes  which  had  lasted  only  a  short  time. 
A  study  of  the  chart  shows  that  120  per  cent  of  the  normal  basal  require- 
ment represented  approximately  the  caloric  needs  during  the  period.  The 
value  of  the  ratio  glucose  to  fat  burned  appeared  to  be  about  90  per  cent 
when  the  first  slight  increases  of  acetone  e.xcretion  occurred.  There  was 
a  slight  increase  in  the  amount  of  acetone  excreted  on  Aug.  19  when  the  fat 
intake  was  increased,  but  no  change  was  made  in  the  amounts  of  protein 
and  carbohydrate  in  the  diet.  This  observation  seems  to  show  that  fat 
fed  as  distinct  from  body  fat,  may  have  an  effect  upon  the  excretion  of 
acetone.  This  finding  is  in  harmony  with  the  findings  and  theories  stated 
by  Allen,  Stillman,  and  Fitz.''  Slight  temporary  increases  in  the  excretion 
of  acetone  were  found  at  other  times. 

Case  2  had  a  mild  type  of  the  disease  which  had  lasted  only  for  a  short 
time.  Chart  2  shows  that  120  per  cent  of  her  calculated  basal  metabolism 
represented  approximately  the  caloric  needs  during  the  period  of  study. 
The  amount  of  acetone  foimd  in  the  urine  was  very  small  when  the  ratio 
glucose  to  fat  burned  had  a  value  of  100  per  cent,  and  finally  decreased  to 

'  The  tables  given  in  Lusk's  book  (Lusk,  1917).  pp.  126  to  129,  were  used 
in  making  these  calculations. 

*  Allen,  Stillman,  and  Fitz  (1919),  Chapter  VI,  p.  500. 
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Date. 


Diet. 


mi 

July 

19 

U 

20 

it 

21 

it 

22 

om.   gm. 


64   33 
64   33 


23 

"  24 
"  25 
"  26 
"  27 
"  28 
"  29 
"  30 
"  31 
Aug.     1 


2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


33 
33 
33 
33 
33 
33 

0 

2 

10 

12 

15 

20 

26 

29 

29 

29 

40 

48 

50 

58 

71 


40 
40 
40 
46 
40 
40 
40 
40 
40 
40 


? 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
6 
10 
15 
25 
29 
29 
30 
40 
50 
50 
65 
70 
70 
70 
70 


70     71 


TABLE  I. 
Case  1. 


? 
383 
388 
388 
388 
388 
388 
388 
388 
388 
0 
20 
126 
134 
190 
263 
389 
457 
457 
466 
620 
742 
770 
957 
1,074 
1,074 
1,070 
1,070 
1,103 
1,111 
1,201 
1,205 
1,229 
1,270 
1,270 


kg 
56.7 


Urine. 


per 
cent 


0.390! 


33 


56.2 


55.8 


55.6 


54.3 


53  5 


54.3 


54.6 


53.7 


40 


per 
cent 

5.2 
4.2 
3.1 
3.5 
2  3 
2.0 


34 


31 


0.120 


0.150 


53.8 


1,850 

1,640 

1,260 

1,120 

870 

850 

640 

520 

520 

760 

600 

1, 420 

1,370 

1,510 

1,300 

1,  280 

1,040 

1,100 

1,260 

830 

940 

1, 120 

1,500 

940 

1,070 

1, 150 

1,2401  0 

960   0 

1,480 

970 

1,560 

1,260 

1,280 

1,310 

1,380 


0  3 

0  5 

0.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


gm. 

96  " 
68 
39. 0 
39  9 
19 
17.0 
8.0 
1.4 
2.6 
2.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0.109 
0.145 
0.274 
0.206 


0.057 
0.040 
0.072 


0.719 
0.586 
0.925 
0.751 
0.534 


0.125 
0.353 
0.328 
0.266 
0.368 


,0.469 
0.374 


0.051 
0.053 
0.090 


2.12 
2.02 
2.37 
1,59 
1.08 


0.713 
0.658 
0.563 
0.390 
0.433 


0  123 

0.087 

0  073 

0.067 

0.125 

0.121 

0.189 

0.370 

0.248 

0.113 

0.072 

0.065 
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TABLE  I— Concluded. 


«. 

Diet. 

faC 

1 
kg. 

8 

0i 

8 

< 

mm. 

1 

Urine. 

Dat 

1 

JS 

1 

6 

2 
o 

1 

J 

o 

5 

I 

cc. 

US 

a 
o 

i 
< 

ISll 

gm. 

gm. 

gm. 

per 
cent 

per 
cent 

gm. 

gm. 

gm. 

Aug. 

23 

40 

77 

90 

1,278 

1,260 

0 

0 

0.116 

0.099 

(( 

24 

40 

75 

100 

1,360 

53.7 

0.140 

1,200 

0 

0 

0.185 

0.230 

tt 

25 

45 

75 

100 

1,380 

1,010 

0 

0 

Positive. 

it 

26 

47 

75 

95 

1,343 

1,360 

0 

0 

ti 

it 

27 

50 

75 

100 

1,400 

1,160 

0 

0 

it 

il 

28 

55 

77 

100 

1,419 

53.5 

1,090 

0 

0 

u 

ii 

29 

55 

75 

100 

1,420 

1,200 

0 

0 

Negative. 

ti 

30 

55 

76 

100 

1,424 

0.150 

1,010 

0 

0 

u 

ft 

31 

55 

72 

99 

1,399 

53.5 

800 

0 

0 

it 

Sept 

1 

55 

75 

100 

1,420 

1,300 

0 

0 

it 

it 

2 

55 

75 

100 

1,420 

1,050 

0 

0 

It 

tt 

3 

55 

75 

100 

1,420 

1,000 

0 

0 

tt 

tt 

4 

55 

75 

100 

1,420 

53.0 

800 

0 

0 

tt 

tt 

5 

55 

75 

100 

1,420 

1,080 

0 

0 

{< 

tt 

6 

55 

75 

100 

1,420 

1,060 

0 

0 

n 

tt 

7 

60 

76 

105 

1,485 

53.1 

1,260 

0 

0 

tt 

" 

8 

60 

76 

105 

1,489 

1,080 

0 

0 

it 

tt 

9 

60 

76 

104 

1,480 

1,500 

0 

0 

Positive. 

tt 

10 

60 

75 

105 

1,485 

0.140 

1,250 

0 

0 

Negative. 

tt 

11 

60 

60 

102 

1,398 

53.3 

1,110 

0 

0 

Positive. 

tt 

12 

60 

75 

104 

1,478 

1,060 

0 

0 

Negative. 

tt 

13 

60 

76 

105 

,489 

1,200 

0 

0 

tt 

tt 

14 

60 

52 

85 

1,213 

53.3 

1,460 

0 

0 

tt 

tt 

15 

60 

76 

104 

,480 

1,220 

0 

0 

tt 

tt 

16 

54 

64 

81 

1,201 

1,340 

0 

0 

Positive. 

tt 

17 

60 

76 

105 

1,489 

1,180 

0 

0 

It 

tt 

18 

60 

75 

105 

,485 

52.8 

1,030 

0 

0 

Negative. 

tt 

19 

60 

75 

105 

,485 

1,360 

0 

0 

it 

tt 

20 

60 

74 

104 

1,472 

1,180 

0 

0 

Positive. 

tt 

21 

60 

75 

105    ] 

,485 

52.8 

Results  of  the  test  with  sodium  nitroprusside  and  ammonia  are  given 
for  specimens  on  which  quantitative  determinations  of  the  acetone  bodies 
were  not  made. 

Under  acetone  is  listed  acetone  plus  diacetic  acid. 

Results  of  all  acetone  bodies  are  expressed  in  terms  of  acetone. 
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Chakt  1.  Case  1. 


Chart  2.  Case  2. 
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TABLE  II. 

Case  2. 

Diet. 

-a 

1 

kg. 

6 
o 

'o 

< 

S 

O 

o 

s 

Urine. 

Date. 

s 

s 

■a 
>) 

O 

C 

'S 

s 

EM 

i 

i 

o 

6 

6 

c 

> 

n 

E/, 

i 

2 

u 

< 

Wll 

gm 

gm 

gm 

mm 

Ver 
cent 

cc. 

per  cent 

gm. 

gm. 

gm. 

July      1 

? 

? 

? 

1 

2.5 

Positive. 

2  |55 

81 

63 

1,111 

54.1 

0.225 

1,560 

16 

24.9 

Negative. 

3  64 

33 

18 

550 

1,320 

1.0 

13  0 

Positive. 

4  64 

33 

0 

388 

1,100 

0.3 

3.0 

Negative. 

5   ;64 

33 

0 

388 

36 

840 

0.8 

6.9 

it 

"        6 ,64 

33 

0 

388 

1,030 

0.7 

7.2 

u 

7 

0 

0 

0 

0 

710 

Trace. 

Positive. 

"        8 

5 

3 

0 

32 

520 

0 

0 

it 

"        9 

5 

9 

6 

110 

720 

0 

0 

0.438 

1  95 

"      10 

8 

10 

6 

126 

52.1 

33 

1,050 

0 

0 

0.776 

3  26 

"      11 

10 

20 

6 

174 

32 

830 

0 

0 

0.812 

3.78 

"     12:15 

26 

11 

263 

1,010 

0 

0 

1.03 

4  36 

"      13 

33 

36 

IS 

438 

51.1 

29 

780 

Trace. 

1  56 

3  30 

"      14 

23 

40 

20 

432 

33 

1,480 

0 

0 

"      15 

36 

27 

0 

252 

36 

1,325 

0 

0 

0 .  587 

"      16 

36 

27 

0 

252 

50.9 

36 

1,700 

0 

0 

0.312 

0  467 

"      17 

36 

36 

10 

378 

36 

1,720 

0 

0 

"      IS 

36 

36 

10 

378 

1,410 

0 

0 

0.368 

0.428 

"      19 

40 

41 

20 

504 

33 

1,225 

0 

0 

0.184 

0  216 

"      20 

40 

41 

20 

504 

50.7 

1,680 

0 

0 

0.616 

0  264 

"      21 

39 

40 

30 

594 

33 

1,380 

0 

0 

0.230 

0  286 

"      22 

40 

45 

40 

700 

34 

0.150 

1,270 

0 

0 

0.180 

0  174 

"      23 

45 

50 

50 

820 

1,560 

0 

0 

0  161 

0  168 

"      24 

50 

60 

54 

926 

50  5 

34 

1,610 

0 

0 

"      25 

50 

65 

59 

991 

1,220 

0 

0 

0  026 

0  060 

"      26 

50 

65 

60 

1,000 

1,320 

0 

0 

0.168 

0  100 

"      27 

55 

70 

70 

1,130 

50.3 

1,040 

0 

0 

0.077 

0  093 

"      28 

55 

70 

SO 

1,220 

0.170 

950 

0  3 

2.9 

0.142 

0.111 

"      29 

56 

70 

SO 

1,224 

1, 425 

Trace. 

0.133 

0  040 

"      30 

27 

37 

40 

616 

1,300 

0 

0 

0.073 

0  051 

"      31 

50 

65 

60 

1,000 

1,660 

0 

0 

Aug.     1 

50 

65 

60 

1,000 

38 

1,160 

0 

0 

0  318 

0  214 

"        2 

50 

65 

59 

991 

1,200 

0 

0 

0.177 

0  4S6 

"        3 

50 

65 

75 

1,135 

49,5 

1,500 

0 

0 

0.122 

0  077 

"        4 

50 

65 

76 

1,144 

1,300 

0 

0 

0  128 

0.100 

"       5 

50 

65 

74 

1,120 

1,100 

0 

0 

0.105 

0,050 

"        6 

50 

65 

75 

1,135 

1,500 

0 

0 

"        7 

50 

65 

75 

1,135 

49.8 

39  1 

3.150 

1,480 

0 

0 

218 


Acetonuria  of  Diabetes 


TABLE  ll-Conclvded. 


0  037 
0.063 
0.057 
0.062 

0.026 
0.054 
0.100 


Under  "acetone"  the  results  from  the  determinations  of  acetone  plus 
acetoacetic  acid  are  listed.  ,„j  ;„ 

Results  of  the  determinations  on  the  acetone  bodies  are  expressed  in 

terms  of  acetone.  ■      .  •     „  fr>r- 

Results  of  tests  with  sodium  nitroprussidc  and  ammonia  are  given  lor 
specimens  on  which  quantitative  determinations  of  the  acetone  bodies 
were  not  made. 


TABLE  III. 
Case  S. 


Diet. 

i 
1 

O 

% 
< 

1 

m 
o 

u 

rine. 

Date. 

2 
2 

i 

gm. 

i 

gm. 

i 

O 

a 

c 

3 

I 

cc. 

to 

i 

o 

e 

< 

■a.2 

01 

1021 

om. 

kg. 

mm. 

per 
cent 

per 

cent 

gm. 

om. 

gm. 

June  28 

0.295 

920 

6.3 

57.9 

Positive. 

"   29 

50 

85 

90 

1,350 

67.4 

1,050 

2.8 

29.0 

u 

"   30 

50 

85 

90 

1,350 

1,340 

1.1 

14.7 

It 

July    1 

52 

88 

88 

1,352 

1,300 

1.0 

13.0 

(( 

"      2 

25 

42 

45 

673 

1,600 

0.3 

4.8 

it 

"     3 

25 

42 

45 

673 

67.2 

1,100 

0 

0 

It 

"     4 

25 

42 

45 

673 

700 

0 

0 

it 

"     5 

30 

50 

50 

770 

980 

0 

0 

<t 

"     6 

30 

50 

55 

815 

67.2 

36 

650 

0 

0 

It 

"     7 

30 

55 

60 

880 

0.165 

1,220 

0 

0 

0  500 

1  76 

"     8 

35 

65 

65 

985 

720 

0 

0 

Positive. 

"     9 

35 

65 

70 

1,050 

460 

0 

0 

0.525 

1.12 

"    10 

41 

66 

71 

1,067 

66.8 

30 

1,040 

0 

0 

0.126 

0.171 

"    11 

55 

70 

80 

1,220 

30 

750 

0 

0 

0.129 

0  207 

"    12 

102 

58 

19 

811 

31 

1,300 

0 

0 

0.126 

0.117 

"    13 

102 

58 

0 

640 

66.6 

36 

900 

0 

0 

0.028 

0.022 

"    14 

86 

56 

0 

56S 

36 

875 

0 

0 

"    15 

80 

71 

19 

775 

66.1 

33 

1,450 

0 

0 

Negative. 

"    16 

81 

75 

29 

885 

1,100 

0 

0 

0.027 

0.076 

"    17 

85 

75 

40 

980 

37 

1,700 

0 

0 

Negative. 

"    18 

85 

76 

40 

1,004 

1,775 

0 

0 

0.085 

0.066 

"    19 

85 

74 

40 

996 

1,860 

0 

0 

0.059 

0.049 

"    20 

94 

74 

50 

1,106 

65.0 

0.140 

1,720 

0 

0 

0.116 

0.059 

"    21 

90 

81 

60 

1,224 

900 

0 

0 

0.040 

0.033 

"    22 

90 

80 

70 

1,314 

1,700 

0 

0 

0.042 

0.057 

"    23 

90 

76 

73 

1,321 

38 

850 

0 

0 

0.028 

0.042 

"    24 

95 

79 

89 

1,487 

65.8 

1,820 

0 

0 

Negative. 

"    25 

95 

79 

100 

1,596 

1,170 

0 

0 

0.128 

0.133 

"    26 

100 

84 

110 

1,726 

1,500 

0 

0 

0.158 

0.193 

"    27 

100 

85 

110 

1,730 

65.7 

0.130 

720 

0 

0 

0.066 

0.055 

"    28 

100 

85 

110 

1,730 

1,180 

0 

0 

0.107 

0.333 

"    29 

100 

84 

110 

1,726 

1,780 

0 

0 

0.149 

0.153 

"    30 

100 

84 

110 

1,726 

1,300 

0 

0 

0.032 

0.038 

"    31 

110 

92 

124 

1,924 

65.8 

1,800 

0 

0 

Negative. 

Aug.    1 

110 

90 

125 

1,925 

1,000 

0 

0 

0  003 

0  043 

"      2 

110 

90 

125 

1,925 

990 

0 

0 

0.015 

0.030 

"     3 

110 

74 

115 

1,771 

65.5 

990 

0 

0 

Negative. 

Under  "acetone"  the  results  of  the  determinations  of  acetone    plus 
acetoacetic  acid  are  listed. 

Results  of  the  determinations  of  the  acetone   bodies  are  expressed  in 

terms  of  acetone. 

Results  of  tests  with  sodium  nitroprusside  and  ammonia  are  given  on 
specimens  on  which  quantitative  determinations  of  acetone  were  not  made. 
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norm.l  amounts  ^vhen  diets  which  gave  this  value  had  been  ingested  for 
abou  a  month.  The  amount  of  fat  fed  seemed  to  mcrease  he  excreuon 
oracetone  independently  of  the  calculated  "amount  burned"  as  :t  d.d  m 
the  first  experiment  on  Aug.  8,  and  also  apparently,  on  Aug.  1  and  - 
•  else  3  had  diabetes  of  a  mild  type  which  had  lasted  only  for  a  short  t.me. 
The  caloric  needs  of  this  patient  appear,  from  a  study  of  weight  changes, 
to  have  been  a  little  less  than  120  per  cent  of  the  -'--  -^";^""''"\ 
The  acetone  excretion  was  only  slightly  more  than  normal  (less  than  0.1 
Z  per  cla"  when  the  ratio  had  a  value  of  1 10  per  cent.  The  influence  of 
£^reases  in  fat  fed  as  distinct  from  total  fat  burned  was  clearly  shown  m 
this  case  (July  25  to  30). 


Chart  3.  Case  3. 

Case  4  had  diabetes  of  a  mild  type  which  was  of  15  years  duration.  The 
chart  shows  that  120  per  cent  of  the  basal  requirement  represented  approxi- 
matelv  the  caloric  needs  under  the  conditions  of  study.  A  ratio  of  glucose 
to  fat"  burned,  which  gave  a  value  of  90  per  cent,  caused  an  excretion  ot 
approximatelv  0  5  gm.  of  acetone,  while  a  ratio,  which  gave  a  value  ot 
100  per  cent,  caused  a  normal  excretion.  The  case  shows  that  a  marked 
lowering  of  the  ratio  glucose  to  fat  burned  caused  an  increased  excretion 
of  acetone  when  the  ratio  glucose  to  fat  fed  remained  unchanged,  h'uch 
a  relative  change  in  the  values  of  the  ratios  follows  proportional  reduction 
of  the  three  foodstuffs. 

Case  5  had  a  rather  mild  form  of  diabetes  which  had  lasted  for  11  years. 
He  was  confined  to  his  bed  subsequent  to  an  operation  for  gangrene  when 
the  study  presented  here  was  made.     His  weight  stayed  practically  con- 
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TABLE  IV. 

Case  4- 

Diet. 

1 

6 
o 

'o 

> 

3 
m 

o 

s 

Urine. 

Date. 

6 

1 

-a 

1 
6 

c 
"S 
o 
0^ 

1 

i 

o 
O 

6 

a 

I 

02 

i 

< 

3 

•5,3 
•S.g 

WSl 

gm. 

gm. 

gm 

« 

kg. 

mm. 

per 
cent 

CC. 

per 
cent 

gm. 

gm. 

gm. 

Aug.     7 

? 

? 

■> 

5 

56. C 

1,26C 

0 

0 

Positive. 

"        8 

46 

88 

71 

1,175 

1,09C 

0 

0 

it 

"       9 

45 

83 

90 

1,.322 

"      10 

45 

85 

90 

1,330 

1,325 

0 

0 

Negative. 

"      11 

45 

86 

90 

1,334 

55.5 

1,180 

0 

0 

Positive. 

"      12 

45 

86 

90 

1,334 

0.200 

1,340 

0 

0 

Negative. 

"      13 

45 

86 

100 

1,424 

1,350 

0 

0 

Positive. 

"      14 

45 

87 

109 

1,509 

55.4 

1,460 

0 

0 

a 

"      15 

48 

87 

129 

1,701 

1,470 

0 

0 

0  366 

0  190 

"      16 

45 

86 

110 

1,514 

1,440 

0 

0 

0  144 

0  141 

"      17 

45 

85 

110 

1,510 

55.7 

1,320 

0 

0 

0  187 

0,246 

"      18 

45 

89 

110 

1,530 

1,530 

0 

0 

0  193 

0,226 

"      19 

45 

85 

110 

1,510 

1,510 

0 

0 

0  236 

0.378 

"     20 

45 

85 

110 

1,510 

1,440 

0 

0 

0  144 

0.396 

"      21 

50 

85 

109 

1,521 

.56.2 

34 

1,360 

0 

0 

Positive. 

"      22 

50 

85 

110 

1,530 

1,400 

0 

0 

0.199 

0.165 

"     23 

50 

85 

110 

1,530 

1,420 

0 

0 

0.130 

0.085 

"     24 

50 

85 

110 

1,530 

56,0 

1,360 

0 

0 

0  103 

0  093 

"      25 

so' 

85 

111 

1,539 

1,740 

0 

0 

Negative. 

"      26 

50 

85 

110 

1,530 

1,460 

0 

0 

li 

"      27 

55 

85 

105 

1,505 

1,650 

0 

0 

It 

"     28 

60 

85 

100 

1,480 

56.0 

1,560 

0 

0 

ti 

"      29 

60 

85 

100 

1,480 

1,400 

0 

0 

<i 

"     30 

60 

86 

100 

1,484 

0.210 

1,200 

0 

0 

u 

"     31 

59 

87 

100 

1,484 

56.3 

810 

0 

0 

ti 

Sept.    1 

60 

87 

100 

1,488 

1,340 

0 

0 

li 

2 

60 

85 

100 

1,480 

580 

0 

0 

11 

3 

60 

85 

100 

1,480 

980 

0 

0 

tl 

4 

60 

84 

100 

1,476 

55.1 

1,030 

0 

0 

it 

5 

60 

85 

100 

1,480 

1,090 

0 

0 

"       6 

60 

85 

100 

1,480 

1,740 

0 

0 

Negative. 

'•       7 

60 

86 

100 

1,484 

55.6 

1,720 

0 

0 

a 

"       8 

60 

84 

100 

1,476 

1,340 

0 

0 

(t 

"       9 

60 

85 

100 

1,480 

1,530 

0 

0 

ti 

"      10 

37 

55 

67 

971 

1,240 

0 

0 

Positive. 
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Date. 


1911 

Sept.  11 
"      12 


pm. 

60 
60 


u 

13 

60 

It 

14 

60 

It 

15 

60 

(4 

16 

60 

it 

17 

60 

tl 

18 

60 

<i 

19 

60 

Acetomiria  of  Diabetes 

TABLE  l\ -Concluded . 


Diet. 


gm. 

73 

85 
S4 
85 
86 
86 
86 
85 
85 


u 


gm 

100 
100 
100 
100 
100 
100 
100 
100 


(2 


Urine. 


1,432 
1,480 

1,476 
1,480 
1,484 
1,484 
1,484 
1,480 
lOOl  1,480 


56.7 
55.7 


55.7 


per 
cent 


1,900 
1,500 
1, 620 
1,740 
1,930 
1,900 
1,600 
1,460 


per 
cent 

'0 
0 
0 
0 
0 
0 
0 
0 


Negative. 


3 

■oSt 


gm. 


Under  "acetone"  the  results  from  the  determinations  of  acetone  plus 
^t^^r^^^oflhVd^tSJations  on  the  acetone  bodies  are  expressed  in 

'Tstls'of  tr  iest  with  sodium  nitroprusside  and  ^-«-'-- f  ^^  "^^ 
specimens  on  which  quantitative  determmations  of  the  acetone  bodies 
were  not  made. 


Chart  4.  Case  4. 
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TABLE  V. 

Case  5. 


Diet. 

1 
kg. 

6 
o 

OS 

S 

> 
< 

mm. 

Oj 

CO 

■a 
g 

Urine. 

Date. 

1. 

S 

o 

■•-> 

i 

o 

6 

a; 
E 
3 

I 

O) 

1 

< 

K  O 

1911 

gm. 

gm. 

gm. 

per 
cent 

cc. 

per 
cent 

gm. 

gm. 

gm. 

July    1 

30 

70 

70 

1,030 

2,150 

0 

0 

Positive. 

tt       i> 

30 

70 

70 

1,030 

1,340 

0 

0 

it 

"       3 

30 

70 

70 

1,030 

45.2 

880 

0 

0 

iC 

"       4 

30 

70 

70 

1,030 

750 

0 

0 

Negative. 

"       5 

30 

70 

70 

1,030 

1,000 

0 

0 

Positive. 

"       6 

30 

70 

SO 

1,120 

45.6 

600 

0 

0 

" 

"       7 

30 

70 

80 

1,120 

0.170 

850 

0 

0 

0  372 

0  390 

"  ■     8 

30 

70 

80 

1,120 

960 

0 

0 

Positive. 

"       9 

30 

71 

80 

1,124 

37 

910 

0 

0 

0.209 

0.194 

"     10 

30 

70 

87 

1,183 

45.8 

1,000 

0 

0 

Positive. 

"     11 

30 

70 

80 

1, 120 

1,130 

0 

0 

0.133 

0  076 

"      12 

30 

70 

80 

1, 120 

1,375 

0 

0 

Positive. 

0.146 

"     13 

30 

70 

80 

1,120 

945 

0 

0 

n 

0.087 

"     14 

29 

71 

80 

1,120 

580 

0 

0 

li 

"     15 

29 

70 

80 

1,116 

725 

0 

0 

0  256 

0  130 

"     16 

30 

70 

80 

1,120 

45.6 

1,540 

0 

0 

0  308 

0,181 

"     17 

30 

70 

80 

1, 120 

36 

0.150 

1,480 

0 

0 

Positive. 

"     18 

35 

69 

79 

1, 127 

1,150 

0 

0 

0.096 

0.090 

"     19 

35 

69 

80 

1,136 

1,590 

0 

0 

0.119 

0  062 

"     20 

35 

69 

SO 

1,136 

45.3 

1, 330 

0 

0 

0,244 

0.183 

"      21 

35 

76 

80 

1,164 

1,360 

0 

0 

0.173 

0.294 

"     22 

35 

75 

85 

1,205 

0.140 

1,800 

0 

0 

0.225 

0.159 

"     23 

35 

75 

85 

1,  201 

920 

0 

0 

Positive. 

"     24 

35 

75 

85 

1,205 

46.6 

31 

1,640 

0 

0 

tt 

"     25 

35 

75 

85 

1,205 

1,130 

0 

0 

Negative. 

"     26 

35 

75 

85 

1,205 

1,020 

0 

0 

0.322 

0.238 

"     27 

35 

75 

85 

1,205 

45.6 

Under  "acetone"  the  results  of  determinations  of  acetone  plus  aceto- 
acetic  acid  are  listed. 

Results  of  the  determinations  of  the  acetone  bodies  are  expressed  in 
terms  of  acetone. 

Results  of  tests  with  sodium  nitroprusside  and  ammonia  are  given  for 
specimens  on  which  quantitative  determinations  of  the  acetone  bodies 
were  not  made. 
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slant  on  an  intake  of  food  which  furnished  a  smaller  number  of  calories 
than  would  have  formed  the  basal  requirement  of  a  normal  subject  of  the 
same  height  and  weight.  The  acetone  excretion  found  in  this  case  was 
fairly  constant  throughout  the  study,  and  was  rather  lower  than  was  to 
be  expected  from  the  value  of  the  ratios— 60  per  cent— calculated  from  the 
diet.  It  seems  probable  from  a  study  of  weight  changes  that  in  this  case 
120  per  cent  of  the  calculated  basal  requirement  represents  more  calories 
than  the  patient  actually  burned  in  a  day.  He  was  the  only  patient  in 
the  series  who  was  confined  to  his  bed,  and  the  only  patient  who  main- 
tained his  body  weight  on  such  a  low  food  intake.  If  the  calculation  of 
the  ratio  glucose  to  fat  burned  had  been  based  on  the  diet  which  main- 
tained weight  instead  of  arbitrarily  on  120  per  cent  of  his  calculated  basal 
requirement,  the  value  of  the  ratio  which  corresponded  to  an  excretion 
of  0.5  gm.  of  acetone  would  have  been  70  to  75  per  cent.  There  was  no 
reason  to  believe  that  this  patient  did  not  follow  the  diet,  but  such  a  possi- 
bility cannot  be  absolutely  excluded. 
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Chart  5.  Case  5. 

Case  6  was  a  patient  who  had  had  diabetes  for  14  years,  and  when  he 
was  studied  his  condition  was  rather  severe.  The  patient  received  less 
food  than  would  furnish  calories  equivalent  to  the  basal  requirement  of 
a  normal  subject  of  the  same  height  and  weight,  and  showed  a  progressive 
loss  of  weight  during  the  period.  Increased  amounts  of  acetone  were 
found  in  almost  all  the  specimens  of  urine  analyzed,  but  the  amounts  were 
small,  as  compared  with  those  expected  from  the  numerical  values  of  the 
ratio.  Two  analyses  of  the  nitrogen  content  of  the  urine  on  the  7th  and 
the  27th  of  July  by  the  method  of  Folin  and  Denis  (1916)  (slightly  modified 
to  permit  the  use  of  the  oxidizing  and  Nessler's  reagent  described  by 
Folin  and  \Vu  (1919))  showed  that  the  patient  was  approximately  in 
nitrogen  equilibrium  on  these  dates.  The  subject  was  not  confined  to  his 
bed,  and  there  is  no  reason  for  believing  that  his  caloric  requirements 
during  the  day  were  less  than  those  of  the  first  four  cases  discussed.     No 


Case  6. 


Diet. 

'S 

1 

< 

•a 
o 
o 

s 

Urine. 

Date. 

>, 

6 

o 

1 

o 
O 

C 
3 

"o 

>■ 

cc. 

1 

CO 

0) 

c 
o 

< 

3 

mi 

gm. 

gm. 

gm. 

kg. 

mm. 

per 
cent 

per  cent 

gm. 

gm. 

gm. 

June  23 

1 

? 

1 

? 

? 

3.0 

Positive. 

"    24 

102 

58 

0 

640 

57.0 

0  330 

1,200 

2.3 

27.6 

u 

"    25 

50 

75 

70 

1,130 

1,740 

0.7 

12.0 

It 

"    26 

25 

38 

35 

567 

55.8 

1,750 

0.2 

4.4 

Negative. 

"    27 

33 

50 

47 

755 

1,380 

Trace. 

3.4 

Positive. 

"    28 

33 

50 

47 

755 

1,580 

IC 

ti 

"    29 

33 

50 

47 

755 

55.6 

1,830 

0 

0 

tt 

"    30 

26 

69 

50 

830 

1,820 

0 

0 

Negative. 

July    1 

25 

70 

48 

812 

1,750 

0 

0 

Positive. 

"       o 

30 

70 

60 

940 

0  225 

1,860 

0 

0 

li 

"     3 

30 

70 

70 

1,030 

54,7 

1,260 

0 

0 

u 

"     4 

30 

70 

70 

1,030 

1,240 

0 

0 

" 

"     5 

35 

70 

75 

1,095 

1,540 

0 

0 

Negative. 

"     6 

35 

71 

80 

1,144 

55.4 

1,140 

0 

0 

t( 

"     7 

35 

70 

85 

1,185 

1,000 

0 

0 

0.238 

0.187 

"     8 

37 

70 

85 

1,185 

0.230 

950 

0 

0 

Negative. 

"     9 

18 

36 

43 

603 

30 

910 

0 

0 

0.090 

0.106 

"    10 

31 

40 

38 

626 

54.3 

1,240 

0 

0 

Positive. 

"    11 

20 

44 

50 

706 

1,480 

0 

0 

0  075 

0.148 

"    12 

20 

46 

50     714 

0.200 

1,450 

0 

0 

Positive. 

"    13 

21 

55 

55 

799 

54.3 

1,500 

0 

0 

0.382 

0.890 

"    14 

20 

60 

55 

810 

945 

0 

0 

Positive. 

"    15 

25 

59 

54 

822 

30 

1,200 

0 

0 

0.221 

0.342 

"    16 

30 

66 

54 

870 

1, 620 

0 

0 

0.238 

0.264 

"    17 

34 

69 

60 

952 

30 

1,560 

0 

0 

Positive. 

"    18 

35 

69 

60 

956 

1,270 

0 

0 

0.159 

0.306 

"    19 

35 

74 

60 

1,020 

0.200 

1,300 

0 

0 

O.n30 

0  076 

"    20 

35 

75 

74 

1,106 

53.3 

1,700 

0 

0 

0.137 

0.102 

"    21 

35 

SO 

79 

1,171 

1,330 

0 

0 

0.114 

0.082 

"    22 

35 

SO 

SO 

1,180 

33 

1,310 

0 

0 

0.130 

0.127 

"    23 

35 

so 

SO 

1,180 

1,400 

0 

0 

Positive. 

"    24 

35 

80 

80 

1,180 

53.3 

34 

1,140 

0 

0 

it 

"    25 

35 

79 

80 

1,176 

1,330 

0 

0 

it 

"    26 

35 

79 

80 

1,176 

1,330 

0 

0 

0.124 

0.162 

"    27 

35 

80 

80 

1,180 

52.4 

0.200 

960 

0 

0 

0.077 

0.117 

Under  "acetone"  the  results  of  determinations  of  acetone  plus  aceto- 
acetic  acid  are  listed. 

Results  of  the  determinations  of  the  acetone  bodies  are  e.xpressed  in 
terms  of  acetone. 

Results  of  tests  with  sodium  nitroi)russide  and  ammonia  are  given  for 
specimens   on  which   quantitative   determinations  of   acetone   were   not 

made. 
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adequate  explanation  can  be  offered  for  the  low  acetone  excretion  found 
in  studying  this  patient. 


o"«    27     29      l"^3      5      7      9      U     13     15     17     19     21     23    25     27 


Chart  6.  Case  6. 
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Chart  7.  Case  7. 

Case  7  had  a  verv  mild  case  of  diabetes  of  short  duration.  The  food 
provided  furnished  115  per  cent  more  calories  than  her  calculated  require- 
ment, and  her  weight  was  constant,  but  the  period  of  observation  was  too 
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short  to  prove  this  requirement  sufficient.  Tlie  most  striking  feature 
shown  by  this  case  is  a  slight  return  of  acetonuria — demonstrated  both 
by  quantitative  and  qualitative  tests — when  the  ratio  of  glucose  to  fat 
burned  passed  from  a  value  of  200  per  cent  to  one  of  170  per  cent.  This 
appearance  of  increased  amounts  of  acetone  when  the  ratio  has  such  a  high 

TABLE  VII. 
Case  7. 


Diet. 

1 

kg. 

i 

< 

£3 

3 
n 

8 

Urine. 

Date. 

s 

■a 

1 

6 

'B 
s 

p.. 
gm. 

1 

.1 

O 

6 

c 

3 

1 

V 

c 
o 
o 

< 

€.2 

19  i  I 

gm. 

gm. 

mm. 

per 
cent 

cc. 

per 
cent 

gm. 

gm. 

gm. 

Aug.    7 

? 

1 

? 

? 

44.6 

37 

? 

6.6 

? 

Positive. 

"     8 

0 

0 

0 

0 

31 

2,300 

0 

0 

0.211 

0.498 

"     9 

45 

24 

0 

266 

29 

0.140 

2,730 

0 

0 

0.506 

1.015 

"    10 

64 

33 

0 

388 

1,970 

0 

0 

0.754 

0.812 

"    11 

102 

5S 

0 

640 

1,800 

0 

0 

0.165 

0.247 

"    12 

102 

58 

0 

640 

34 

2, 050 

0 

0 

0.051 

0.059 

"    13 

100 

60 

30 

910 

1,820 

0 

0 

Negative. 

"    14 

100 

60 

40 

1,000 

44.0 

1,820 

0 

0 

ii 

"    15 

100 

60 

50 

1,090 

35 

1,940 

0 

0 

tt 

"    16 

101 

60 

60 

1,184 

2,300 

0 

0 

It 

"    17 

100 

60 

80 

1,360 

44.3 

1,980 

0 

0 

i< 

"    18 

100 

61 

80 

1,364 

0.175 

1,300 

0 

0 

0.019 

0.018 

"    19 

100 

60 

80 

1,360 

36 

1,500 

0 

0 

Negative. 

"    20 

SO 

60 

90 

1,374 

1,440 

0 

0 

(4 

"    21 

80 

61 

90 

1,374 

45.0 

1,730 

0 

0 

Positive. 

"    22 

80 

61 

90 

1,374 

1,420 

0 

0 

0.021 

0.025 

"    23 

80 

61 

90 

1,374 

1,430 

0 

0 

0.108 

0.081 

Under  "acetone"  the  results  of  the  determinations  of  acetone  plus  aceto- 
acetic  acid  are  listed. 

Results  of  the  determinations  of  the  acetone  bodies  are  expressed  in 
terms  of  acetone. 

Results  of  the  test  with  sodium  nitroprusside  and  ammonia  are  given 
for  specimens  on  which  quantitative  analyses  for  the  acetone  bodies  were 
not  made. 

value  forms  a  marked  contrast  to  the  results  obtained  in  the  case  just 
described,  in  which  only  small  amounts  of  acetone  were  found  when  the 
ratio  had  a  value  of  60  per  cent.  The  results  in  this  case  are  similar  to 
those  found  in  studying  one  of  the  normal  subjects  as  reported  in  a  previous 
paper  (Hubbard  and  Wright,  1922). 
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DISCUSSION. 

A  comparison  of  the  acetone  excretion  with  the  molecular 
ratio  used  to  express  the  ketogenic  balance  of  the  diets  mgested 
shows  that,  in  general,  the  excretion  varied  inversely  with  the 
value  of  the'  ratio  based  on  the  probable  amount  of  fat  burned 
by  the  patient  during  24  hours.     The  amounts  of  acetone  found 
w^re  somewhat  smaller  than  those  which  were  found  in  the  study 
of  normal  patients  who  were  receiving  diets  which  gave  ratios  of 
the  same  numerical  values,  but  the  border-line  diet  which  caused 
a  very  slight  increase  in  acetone  excretion  lay  approximately  at  a 
value  of  80  per  cent,  as  it  did  in  the  earlier  experiments.     Traces 
of  acetone  were  found  when  diets  having  a  higher  ratio  were  fed— 
as  traces  were  occasionally  found  under  similar  conditions  in  some 
of  the  experiments  run  on  normal  subjects;  in  one  of  the  patients 
studied  such  traces  were  found  when  the  ratio  had  a  value  of  170 
per  cent.     It  seems  reasonable  to  attribute  such  findings,  as  was 
done  in  the  earlier  paper,  to  temporary  excess  of  ketogenic  mate- 
rial which  may  have  lasted  for  only  a  comparatively  small  part  of 
the  2-i  hour  period,  or  to  a  local  excess  of  such  material  due  to 
variations  in  the  blood  and  nutriment  supplied  to  different  parts 
of  the  organism.     One  patient  showed  an  excretion  of  acetone 
which  was  lower  than  was  expected  from  theoretical  considera- 
tions or  from  a  comparison  with  other  cases  in  the  series;  the 
tolerance  of  this  patient  for  glucose  was  so  low  that  it  was  not 
possible  to  investigate  the  diet  which  would  cause  no  excretion 

of  acetone. 

The  excretion  of  acetone  could  be  largely  explained  by  a  study 
of  the  molecular  ratio  based  on  the  amount  of  fat  probably  burned 
by  the  patient,  but  increases  were  sometimes  found  which  could  not 
be  accounted  for  in  this  way.  An  increase  in  fat  fed  was  followed 
by  an  increased  excretion  of  acetone  in  some  cases  when  this  was 
the  only  change  in  the  diet,  and  the  additional  fat  fed  theoretically 
replaced  fat  which  the  subject  had  been  drawing  from  his  own 
reserves.  Such  a  change  in  the  diet  was  shown  in  the  numerical 
method  used  for  expressing  the  diets,  by  a  decrease  in  the  value 
of  the  ratio  based  upon  the  amount  of  fat  fed  while  the  ratio 
based  upon  the  probable  amount  of  fat  burned  was  not  changed; 
in  these  instances  the  fed  fat  replaced  only  a  part  of  the  total  fat 
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burned — a  condition  in  which  the  values  of  the  ratio  based  upon 
the  amount  of  total  fat  burned  are  lower  than  those  based  upon 
the  amount  of  fat  fed.  The  increases  in  acetone  excretion  under 
these  conditions  were  not  large,  and  did  not  seem  to  last  long.  If 
the  organism  had  not  been  at  first  able  to  burn  completely  the 
large  amounts  of  fat  received  at  intervals  with  the  meals,  but  had 
later  acquired  the  ability  to  do  so,  results  similar  to  those  found 
would  have  been  expected,  and  some  such  explanation  may  ac- 
count for  the  temporary  increases  in  acetone  excretion  noted. 
This  appearance  of  increased  amounts  of  acetone  with  increased 
intake  of  fat,  even  when  the  fat  probably  only  ser\'ed  to  replace 
fat  withdrawn  from  the  body  reserves,  made  it  seem  inadvisable 
to  furnish  more  fat  than  that  which  corresponds  with  Woodyatt's 
(1921)  formula  for  the  border-line  diet 

2  X  carbohydrate  +  J  protein  =  fat 

except  in  cases  in  which  such  increases  were  necessary  to  main- 
tain life. 

CONCLUSIONS. 

A  method  has  been  described  for  calculating  a  molecular  ratio 
between  ketogenic  and  antiketogenic  compounds  contained  in  the 
diet  which  is  applicable  to  diabetic  patients,  and  seven  cases  have 
been  described  in  wliich  a  comparison  was  made  between  the 
values  of  this  ratio  and  the  excretion  of  the  acetone  bodies  in  the 
urine ;  it  has  been  shown  that  the  acetone  excretion  varies  inversely 
with  the  numerical  values  of  this  ratio;  a  study  of  the  numerical 
values  of  the  ratio  calculated  for  diets  which  correspond  with  a 
slightly  increased  excretion  of  acetone  shows  that  they  were  ap- 
proximately the  same  as  those  values  found  for  normal  subjects 
receiving  diets  low  in  carbohydrate,  but  containing  sufficient 
calories  to  supply  the  needs  of  the  subject;  it  has  been  shown  that 
fat  fed  sometimes  increases  the  amount  of  acetone  excreted,  even 
when  the  increase  replaces  a  part  of  the  fat  which  the  body  was 
probably  withdrawing  from  its  own  reserve  supplies  o£  this 
material. 
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THE  PROTEINS  OF  THE  LIMA  BEAN,  PHASEOLUS 
LUNATUS. 

By  D.  B.  JONES,  C.  E.  F.  GERSDORFF,  C.  O.  JOHNS,  and  A.  J.  FINKS. 

{From  the  Protein  Investigation  Laboratory,  Bureau  of  Chemistry,  United 
States  Department  of  Agriculture,  Washington.) 

(Received  for  publication,  June  1,  1922.) 

In  continuation  of  the  comparative  studies  of  the  proteins 
of  various  beans,  particularly  those  of  the  genus  Phaseolus,  a  study 
of  the  proteins  of  the  lima  bean  is  described  in  this  paper.  As 
far  as  the  authors  are  aware,  the  only  previous  reference  to  anj^ 
work  done  on  this  bean  is  a  statement  by  Osborne  (1)  to  the  effect 
that  some  prelin^ina^y  analyses  which  he  made  indicated  that  the 
chief  protein  constituent  of  this  bean  is  the  same  as  phaseolin 
obtained  from  the  navy  bean. 

The  results  of  the  work  described  in  the  present  study  show  that 
the  proteins  of  the  lima  bean  are  in  general  quite  similar  to  those 
of  the  other  beans  which  have  been  studied:  namely,  the  navy, 
Phaseolus  vtiUjaris;^  niung,  Phaseolus  aureus  (2) ;  Chinese  velvet, 
Stizolohium  niveum  (3) ;  Georgia  velvet,  Stizolobium  deeringianum 
(4);  aduski,  Phaseolus  angularis  (5);  and  the  jack  bean,  Canavalia 
ensijormis  (6).  Like  these,  the  lima  bean  contains  two  globulins 
which  differ  characteristically  in  both  sulfur  and  nitrogen  contents. 
Feeding  experiments  with  albino  rats  have  also  shown  (7)  a 
similarity  in  their  nutritive  properties.  The  lima  bean  is  also 
deficient  in  cystine,  and  its  proteins  are  characterized  by  a  form 
of  indigestibility  which  is  remedied  by  cooking.  On  the  other 
hand,  the  proteins  of  the  lima  bean  differ  in  certain  respects  from 
those  of  the  other  beans  studied,  the  most  striking  difference  being 
the  low  nitrogen  content  of  the  /S-globulhi.  The  average  of  closely 
agreeing  results  for  seven  different  preparations  of  tliis  protein 
showed  it  to  contain  14.81  per  cent  of  nitrogen  (Table  III).     The 

'  Studies  on  the  proteins  of  the  navj-  bean  are  nearlj-  completed  and  the 
results  will  be  published  later. 
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proteins  of  this  bean  arc  also  marked  by  a  rather  high  degree  of 
sohibiUty  in  saline  solutions.     The  soluble  salts  occurring  naturally 
in  the  seeds  are  evidently  sufficient  to  dissolve  15.13  per  cent  of 
protein  when  the  meal  is  extracted  mth  distilled  water  m  the 
proportion  of  2.5  cc.  per  gram  of  meal.     This  is  practically  as  much 
as  was  extracted  by  a  3  per  cent  sodium  chloride  solution  (Table  1). 
The  meal  used  for  the  preparation  of  the  proteins  described  m 
this  paper  was  obtained  from  beans  of  two  varieties,  the  "Fordhook 
bush"  and  "Carpenteria  pole,"  which  were  obtained  in  the  open 
market     No  differences  were  observed  in  the  results  obtained  from 
these  two  varieties.     The  meal  contained  21.17  per  cent  of  protein 
(N  X  6.25) .     3  per  cent  sodium  chloride  solution  at  room  tempera- 
ture extracted  72.32  per  cent  of  the  total  protein  in  the  meal,  or 
15.31  per  cent  based  on  the  amount  of  meal  used. 

The  a-  and  /3-globulins  were  separated  by  fractional  precipita- 
tion from  3  per  cent  sodium  chloride  solution  by  means  of  anmio- 
nium  sulfate.  The  a-globulin  was  precipitated  by  addition  of 
ammonium  sulfate  until  the  solution  was  brought  up  to  0.25  of 
saturation  (19.07  gm.  of  ammonium  sulfate  per  100  cc.  of  the  final 
solution).  The  |3-globulin  separated  between  0.45  and  0.75  of 
saturation. 

An  albumin,  amounting  to  1.75  per  cent  of  the  meal,  or  8.2b  per 
cent  of  the  total  protein,  was  obtained  by  boiling  a  distilled  water  ■ 
extract  of  the  meal  after  all  of  the  globulins  had  been  removed. 
This  percentage  of  albmiiin  is   considerably  higher  than  that 
obtained  from  the  other  beans  which  have  been  studied. 

The  percentages  of  the  basic  amino-acids  in  the  three  proteins 
isolated  were  determined  by.Van  Slyke's  method,  with  results  as 
given  in  Tables  VI,  VIII,  and  X. 

EXPERIMENTAL. 

Preliminary  Experiments— Extrviction  experiments  were  made 
with  the  bean  meal,  using  various  concentrations  of  sodium 
chloride  in  water  in  the  proportion  of  2.5  cc.  of  solvent  to  each 
gram  of  meal.  The  mixtures  were  allowed  to  stand  for  3  hours  at 
room  temperature,  with  shaking  at  intervals  of  about  15  minutes. 
Nitrogen  determinations  made  on  the  filtered  extracts  showed 
that  the  maxinuim  amount  of  protein  was  extracted  by  a  3  per 
cent  solution  of  sodium  chloride  (Table  I). 
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Preparation  vf  the  a-Globulin.—'FoT  each  preparation  of  the  a-globulin 
about  3.5  kilos  of  meal  were  extracted  with  3  per  cent  sodium  chloride 
solution.  Filter  paper  scraps  were  then  pulped  in  the  mixtures  until  a 
consistency  suitable  for  pressing  was  obtained,  and  the  mixtures  were 
pressed  in  muslin  bags.  The  expressed  liquors  were  filtered  clear  by  suc- 
tion through  a  mat  of  paper  pulp,  and  the  filtrates  made  0.25  saturated  by 
addition  of  solid  ammonium  sulfate.  After  standing  over  night  the  precip- 
itates were  collected  on  folded  filter  papers  and  washed  with  3  per  cent 
sodium  chloride  solution  which  had  been  previously  made  0.25  saturated 
with  ammonium  sulfate.  Since  these  precipitates  required  very  large 
volumes  of  the  sodium  chloride  solution  to  redissolve  them,  they  were 
dialyzed  in  suspension  in  this  solvent  against  chilled  running  water  for  11 
days.  The  proteins  which  had  separated  were  washed  with  distilled  water 
until  free  from  chlorides  and  sulfates,  and  dried  with  alcohol  and  ether  in 

T.\BLE  I. 
Extraction  Experiments.* 


Solvent. 

Protein 

extract  from  meal 

(NX  6  25). 

Distilled  water 

per  cent 

15  13 

1.0  per  cent  NaCl 

15  19 

3.0     "      "        "     

15  31 

8.0     "      "        "     

14  50 

10.0     "      "        "     

14.06 
13  63 

15.0     "      "        "     

20.0     "      "        "     

11  84 

*  The  extractions  were  carried  out  at  room  temperature,  for  a  period  of 
3  hours  each,  with  frequent  stirring.  Solvents  were  used  in  the  proportion 
of  2.5  cc.  per  gm.  of  meal. 

the  usual  way.  An  average  yield  of  2.74  per  cent  of  the  total  protein, 
or  0.58  per  cent  of  the  meal  used,  was  obtained.  Average  results  of  dupli- 
cate analyses  of  five  preparations  of  the  a-globulin  are  given  in  Table  II. 
The  analyses  are  calculated  on  an  ash-  and  moisture-free  basis. 

Preparation  of  the  0-GlobuUn.~A  small  intermediate  fraction  consisting 
of  a  mixture  of  the  a-  and  /S-fractions  was  removed  and  discarded.  This 
fraction  was  obtained  by  bringing  the  filtrates  from  the  original  precipitates 
of  the  a-globulin,  which  were  already  0.25  saturated,  up  to  0.4  of  saturation 
with  ammonium  sulfate.  The  filtrates  from  the  intermediate  fraction 
were  then  made  0.75  saturated  by  addition  of  more  ammonium  sulfate, 
and  the  precipitated  |8-globulin  was  filtered  and  washed  in  the  manner 
described  in  the  case  of  the  a-globulin.  The  precipitates  were  then  redis- 
solved  in  the  minimum  amount  of  distilled  water  and  dialyzed  for  13  days. 
An  average  yield  of  1.58  per  cent  of  the  meal  extracted  was  obtained. 
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Seven  preparations  were  made  which  gave  closely  agreeing  results   on 
elementary  analyses.    Average  results  of  duplicate  analyses  are  g.ven  m 

Table  III. 

T.\BLE  II. 

Average  Res^dts  of  Duplicale  Analyses  of  the  a-GlobuUn.* 


Preparation. 

I 

II 

Ill 

IV 

V 

Average. 

d      

per  cent 

53.42 
6.88 

15.84 
1.29 

22.57 

per  cent 

53.66 
6.60 

15.57 
1.23 

22.94 

per  cent 

53.69 
6.59 

15.56 
1.27 

22.89 

per  cent 

53.63 
6.74 

15.28 
1.28 

23.07 

per  cent 

53.87 
6.45 

15.50 
1.30 

22.88 

per  cent 

53.65 
6.65 

15.55 
1.27 

22.88 

H    

N        

s     

0 

Moisture 

Ash 

5.44 
1.52 

7.52 
0.44 

7.25 
0.65 

7.36 
0.43 

7.77 
0.57 

■  Calculated  on  an  ash-  and  moisture-free  basis. 

TABLE  III. 
Average  Results  of  Duplicate  Analyses  of  the  ^-Globulin.* 


C. 
H. 

N. 
S.. 

o. 


Preparation. 


I 


percent 

52.59 
6.61 

14.89 
0.37 

25.54 


Moisture. 
Ash 


8.76 
0.80 


II 


percent 

52.61 
6.78 

14.90 
0.33 

25.38 


III 


percent 

52.80 
6.83 

14.85 
0.35 

25.17 


6.96 
1.08 


9.27 
0.61 


IV 


percent 

52.70 
6.83 

14.60 
0.36 

25.51 


percent 

52.78 
6.74 

14.82 
0.37 

25.29 


VI 


percent 

52.72 
6.74 

14.80 
0.34 

25.40 


VII 


percent 
52.85 

6.83 
14.85 

0.36 
25.11 


5.66 
0.49 


6.58 
0.44 


7.99 
0.71 


Aver- 
age. 


per  cent 

52.72 
6.77 

14.81 
0.35 

25.35 


6.76 
0.69 


•  Calculated  on  an  asli-  and  moisture-free  basis. 

Proverlies  of  the  Globulins. -^oi\i  globulins,  when  prepared  and 
dried  as  described,  consisted  of  dusty  powders.  The  a-globuhn 
had  a  deep  cream  color,  while  the  /3-globulin  was  pure  wlute. 
The  two  globulins  are  fairly  well  differentiated  by  their  precipita- 
tion limits  with  ammonium  sulfate.  Precipitation  of  the  a-globulin 
began  at  0.1.5  of   saturation  and  became  floceulent  at  0.25  ot 
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saturation.  Between  0.3  and  0.4  of  saturation  a  small  precipitate 
was  obtained,  which  had  a  sulfur  content  of  0.63  per  cent,  indicat- 
ing that  it  was  a  mixture  of  the  two  globulins.  The  /3-globulin 
precipitated  at  0.45  to  0.75  of  saturation. 

Coagulation  temperatures  of  the  globulins,  detennined  on  their 
saline  extracts  which  had  been  slightly  acidified  with  dilute 
acetic  acid,  showed  that  the  a-globulin  coagulated  at  about  68°  C. 
and  the  /3-globulin  at  about  95°  C. 

Both  globulins  gave  positive  tests  for  tryptophane  with  the 
Hopkins  and  Cole  reagent  (8),  the  color  developing  immediately 
in  the  case  of  the  /3-globulin,  while  the  a-globulin  required  more 
time  for  the  color  development. 

TABLE  IV. 
Average  Results  of  Duplicate  Analyses  of  the  Albumin* 


Preparation. 

I 

II 

Average. 

c 

per  cent 

54.14 
6.62 

14.20 
1.15 

23.89 

per  cent 

54.19 
6.64 

14.24 
1.15 

23.78 

per  cent 

54.17 
6.63 

14.22 
1.15 

23.83 

H 

N 

S 

0 

Moisture 

9.21 
1.68 

8.72 
3.19 

Ash • 

*  Calculated  on  an  ash-  and  moisture-free  basis. 

The  Albumin. — 2  liters  of  water  and  500  gm.  of  meal  were  mixed  and! 
passed  three  times  through  a  peanut  grinder.  .The  mixture  was  then 
pressed,  filtered  in  the  usual  way,  and  the  clear  extract  dialyzed  for  5  days. 
The  precipitated  globulins  were  removed  by  filtration,  and  the  filtrate  was 
again  dialyzed  for  8  days.  After  removing  a  small  amount  of  precipitated 
globulin,  the  solution  was  saturated  with  carbon  dioxide  which  caused  the 
further  separation  of  a  small  amount  of  precipitate.  This  substance  was 
filtered  and  the  albumin  was  coagulated  by  boiling  the  filtrate  which  had 
been  previously  slightly  acidified  with  acetic  acid.  After  washing  with  hot 
water  and  drying  in  the  usual  way  at  55°C.,  the  albumin  consisted  of  a 
cream  white  amorphous  powder.  The  yield  amounted  to  1.75  per  cent 
of  the  meal.  The  average  results  of  duplicate  analyses  of  two  preparations 
are  given  in  Table  IV.  The  albumin  gave  a  faint,  though  decided,  test  for 
tryptophane. 
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Analyses  oj  the  a- and  ^-Globulins  and  of  the  Albimvin  by  the  Van 
Slyke  Method.-Duplicate  sixmples  of  3  g.n.  each  of  tlie  globulins 
and  allnunin  were  hydrolyzed  by  boiling  for  about  30  hours  with 

TABLE  V. 
Distribution  of  Nitrogen  in  the  a-Globulin  as  Determined  by  the  Van  Slyke 

Method* 
Sample  I,  ash-  and  moisture-free.  2.7630 gm.  protein,  0.4299  grn.  nitrogen.f 
.,     jj     «       «  "  "     2.7630    "  0.4299 


Amide  N 

Humin  N  adsorbed  by  lime 

Hum  in  N  in  amyl  alcohol-ether  extract. . 

Cystine  N 

Arginine  N 

Histidine  N 

Lysine  N 

Amino  N  of  filtrate 

Non-amino  N  of  filtrate 


Preoaration. 


I 


II 


gm 
0.0442 
0.0086 
0.0008 
0.0052 
0.0506 
0.0276 
0.0418 
0.2389 
0.0127 


Total  N  regained. 


I 


gm 

0.0444 
0.0087 
0.0010 
0.0051 
0.0502 
0.0279 
0.0413 
0.2400 
0.0122 


II 


per  cent 

10.28 

2.00 

0.19 

1.21 

11.77 

6.42 

9.72 

55.57 

2.95 


Aver- 
age. 


0.4304  0.4308 


per  cent 

10.33 
2.02 
0.23 
1.19 

11.68 
6.49 
9.61 

55.82 
2.84 


percent 

10.31 
2.01 
0.21 
1.20 

11.72 
6.46 
9.67 

55.69 
2.89 


100.11100.21 


100.16 


*  Nitrogen  figures  corrected  for  the  solubility  of  the  bases, 
t  Nitrogen  content  of  protein,  15.56  per  cent. 

TABLE  VI. 

Basic  Amino-Acids  in  the  a-Globulin. 


Amino-acid. 


Cystine. . . 
Arginine.. 
Histidine. 
Lysine — 


Trj'ptophane. 


I 

II 

Average. 

per  cent 

1.61 
5.69 
3.69 
7.89 

per  cent 

1.58 
5.65 
3.73 
7.80 

per  cent 

1.60 
5.67 
3.71 

7.84 

Present. 

100  cc  of  20  per  cent  hydrochloric  acid.  The  phosphotungstates 
of  the  bases  were  decomposed  by  the  amyl  alcohol-ether  method 
(9).     The  results  of  the  analyses  are  given  in  Tables  V  to  XI. 
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T.^BLE  VII. 

Dislribution  of  Nitrogen  in  the  0-Globulin  as  Determined  by  the  Van  Slyke 

Method.* 
Sample  I,  ash-  and  moisture-free,  2.7390  gm.  protein,  0.4054  gm.  nitrogen. f 
"     II,     "      "  "  "     2.7390    "  "         0.4054   " 


Amide  N 

Humin  N  adsorbed  by  lime 

Humin  N  in  amyl  alcohol-ether  extract 

Cystine  N 

Arginine  N 

Histidine  N 

Lysine  N 

Amino  N  of  filtrate 

Non-amino  N  of  filtrate 


Total  N  regained 0.4080  0.4080  100.66  100.66  100.66 


Preparation. 


I 


0.0414 
0.0062 
0.0003 
0.0027 
0.0443 
0.0199 
0.0450 
0.2422 
0.0060 


II 


gm 

0412 
0065 
0003 
0027 
0450 
0190 
0445 
2422 
0066 


I 


percent 

10.21 
1.54 
0.07 
0.67 

10.93 
4.91 

11.10 

59.75 
1.48 


11 


per  cent 

10.17 
1.60 
0.07 
0.67 

11.10 
4.69 

10.98 

59.75 
1.63 


Aver- 
age. 


per  cent 

10.19 
1.57 
0.07 
0.67 

11.02 
4.80 

11.04 

59.75 
1.55 


*  Nitrogen  figures  corrected  for  the  solubility  of  the  bases. 
t  Nitrogen  content  of  protein,  14.80  per  cent. 


TABLE  VIII. 
Basic  Amino-Acids  in  the  0-Globulin. 


Amino-acid. 

I 

II 

Average. 

per  cent 

0.84 
5.03 
2.68 

8.57 

per  cent 

0.84 
5.11 
2.56 

8.48 

per  cent 

0  84 

Arginine 

5  07 

Histidine 

2.62 

Lysine. . . . 

8  53 

Tryptophane 

Present. 
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TABLE  IX. 
IXstrihution  of  Nitrogen  in  the  Albumin  as  Determined  by  the  Van  Slyke 

Method.* 
Sample  I,  ash-  and  moisture-free,  2.6427  gm.  protein,  0.3763  gm.  nitrogen.f 
«     II      «       "  "  "     2.6427    "  0.3763 


Amide  N 

Humin  N  adsorbed  by  lime 

Humin  N  in  amyl  alcohol-ether  extract. 

Cystine  N 

Arginine  N 

Histidine  N 

Lysine  N 

Amino  N  of  filtrate 

Non-amino  N  of  filtrate 


Total  N  regained . 


Preparation. 


I 


II 


gm. 

0.0367 
0.0070 
0.0007 
0.0033 
0.0488 
0.0188 
0.0298 
0.2358 
0.0023 


I 


0.3832 


gm 
0369 
0070 
0007 
0033 
0488 
0179 
0307 
.2358 
.0023 


II 


percent 

9.75 
1.86 
0.19 
0.88 

12.9' 
5.00 
7.92 

62.66 
0.61 


0.3834 


percent 

9.81 
1.86 
0.19 
0.88 

12.9' 
4.76 
8.16 

62.66 
0.61 


Aver- 
age. 


per  art 

9.78 
1.86 
0.19 
0.88 

12.97 
4.88 
8.04 

62.66 
0.61 


101.84101.90101.87 


•  Nitrogen  figures  corrected  for  the  solubility  of  the  bases, 
t  Nitrogen  content  of  protein,  14.24  per  cent. 


Basic  A 

TABLE  X. 

mino-Acids  in 

he  Albumin. 

Amino-acid. 

I 

II 

Average. 

per  cent 

1.07 
5.74 
2.63 

5.88 

per  cent 

1.07 
5.74 
2.44 
6.06 

per  cent 

1.07 

5.74 

2.54 

Lysine 

5.97 

Trvnt,nnhane              

Present. 
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TABLE  XI. 

Distribution  of  Nitrogen  in  the  a-  and  0-Globulins,  and  in  the  Albumin  as 

Calculated  from  the  Van  Sbjke  Ayiabjses  in  Terms  of  Percentage 

of  the  Proteins. 


a-Globulin.* 

/3-Globulin.t 

Albumin. t 

N 

I 

II 

Aver- 
age. 

I 

II 

Aver- 
age. 

I 

II 

Aver- 
age. 

per 
cent 

1.60 
0.34 
4.53 
9.11 

per 
cent 

1.61 
0.35 
4.51 
9.13 

per 
cent 

1.61 
0.34 
4.52 
9.12 

per 
cent 

1.51 
0.24 
4.09 
9.06 

per 
cent 

1.50 
0.25 
4.06 
9.08 

per 
cent 

1.51 
0.24 

4.08 
9.07 

peT 
cent 

1.39 
0.29 
3.81 
9.01 

per 
cent 

1.40 
0.29 
3.81 
9.01 

per 
cent 

1  40 

Humin            

0.29 

Basic         

3.81 

Non-basic  

9.01 

Total 

15.58 

15.60 

15.59 

14.90 

14.89 

14.90 

14.50 

14.51 

14  51 

*  Nitrogen  content,  15.56  per  cent, 
t  Nitrogen  content,  14.80  per  cent. 
i  Nitrogen  content,  14.24  per  cent. 


SUMMARY. 

The  lima  bean  meal  used  for  the  extraction  of  the  proteins  con- 
tained 21.17  per  cent  of  protein  (N  X  6.25).  3  per  cent  sodium 
chloride  solution  at  room  temperature  extracted  72.32  per  cent 
of  the  total  protein,  or  15.31  per  cent  based  on  the  weight  of  the 
meal  used. 

Two  globulins  were  isolated  by  fractional  precipitation  of  the 
sodium  chloride  extracts  by  means  of  ammonium  sulfate.  The 
a-globulin  was  precipitated  by  adchtion  of  ammonium  suKate  until 
the  originalextract  was  0.25  saturated.  The  (3-globulin  separated 
between  0.45  and  0.75  of  saturation.  A  small  fraction  intennedi- 
ate  between  the  a-  and  /3-globulins  was  removed  and  discarded. 
This  fraction  consisted  of  a  mixture  of  the  two  globulins. 

An  albumin,  amounting  to  1.75  per  cent  of  the  meal,  or  8.25  per 
cent  of  the  total  protein,  was  obtained  from  distilled  water  extracts 
of  the  bean  meal  after  the  globulins  had  been  removed. 

Elementary  analyses  of  the  three  proteins  isolated  and  deter- 
mination of  the  basic  amino-acids  by  the  Van  Slyke  method  .show 
in  general  the  same  differences  as  have  been  found  between  the 
corresponding  proteins  obtained  from  other  beans  which  have  been 
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studied.     Both  globulins  and  the  albumin  gave  positive  tests  for 
tryptophane. 

As  shown  in  a  previous  publication  on  the  nutritive  value  of  the 
proteins  of  the  liina  bean,  its  total  proteins  are  deficient  in  cystine 
and  arc  characterized  by  a  form  of  indigestibiUty  which  is  remedied 
b}'  cooking. 
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THE  DISTRIBUTION  OF  SODIUM,  POTASSIUM,  CALCIUM, 

AND  MAGNESIUM    BETWEEN  THE  CORPUSCLES 

AND  SERUM  OF  HUMAN  BLOOD. 

By  benjamin  KRAMER  and  FREDERICK  F.  TISDALL. 

{From  the  Department  of  Pediatrics,  the  Johns  Hopkins  University 
Baltimore.) 

(Received  for  publication,  June  22,  1922.) 

A  knowledge  of  the  concentration  of  sodium,  potassium,  calcium, 
and.  magnesium  in  the  blood  is  necessary  in  connection  with  a 
variety  of  problems.  Methods  hitherto  used  for  the  quantitative 
determination  of  these  elements  in  blood  have  required  large 
amounts  of  material  even  for  a  single  determination  and  have  been, 
in  most  cases,  difficult  to  carry  out.  These  facts  have  tended  to 
discourage  such  studies,  particularly  with  human  blood. 

The  earliest  recorded  figuresfor  the  concentration  of  cations  and 
anions  in  human  blood,  corpuscles,  and  serum,  are  those  reported 
by  Schmidt  (1)  in  1850.  Wanach  (2)  in  1888  estimated  the  sodium 
and  potassium  in  the  blood  corpuscles  and  serum  of  eight  adults. 
Some  years  before  this  Bunge  (3),  a  pupil  of  Schmidt,  reported 
a  number  of  complete  analyses  of  the  ash  of  the  blood  corpuscles 
and  serum  of  several  animals.  Abderhalden  (4)  later  published 
the  results  of  a  similar  study  on  a  larger  series  of  animals.  No 
studies  on  the  distribution  of  cations  between  the  corpuscles  and 
serum  of  normal  human  blood  have  appeared  since  those  of 
Wanach.' 

The  introduction  of  methods  for  the  quantitative  determination 
of  sodium,  potassium,  calcium,  and  magnesium  with  small  amounts 
of  serum  and  whole  blood  (5  to  9)  has  made  such  studies  on  human 

'  After  tliis  paper  had  been  written  an  article  appeared  on  the  effect  of 
changes  in  CO,  tension  upon  the  distribution  of  sodium,  potassium,  chlorine, 
phosphorus,  and  bicarbonate  between  the  corpuscles  and  plasma  of  defibri- 
nated  and  filtered  beef  blood  (Doisy,  E.  A.,  and  Eaton,  E.  P.,  /.  Biol. 
Chcm.,  1921,  xlvii,  377). 
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subjects  possible..  We  have  investigated  the  concentration  of 
these  elements  in  the  venous  blood  and  serum  of  normal  adults. 
The  determinations  were  made  on  serum  in  preference  to  plasma 
because  the  addition  of  an  anticoagulant  (usually  a  salt)  is  thereby 
avoided.  This  permits  the  determination  of  all  the  cations  to  be 
made  on  the  same  sample.  Hemolysis  occurs  less  frequently  with 
serum  than  plasma.  We  have  found  the  potassium  and  calcium 
content  of  citrated  plasma  to  be  practically  the  same  as  that  of 
serum.  Schmidt  (1)  has  shown  that  the  inorganic  composition  of 
plasma  is  identical  with  that  of  serum. 

We  have  repeatedly  demonstrated  the  remarkable  constancy 
of  the  concentration  of  the  elements  (sodium,  potassimu,  calcium, 

TABLE  I. 
Concentration  of  Sodium  in  Blood  Serum  mid  Corpuscles  of  Normal  Adults. 


Na  in  100  cc. 

Sample. 

Plasma. 

Na  per  100  cc. 
serum. 

Naper  100  cc. 
blood. 

of  100  cc,  of 
blood. 

corpuscles 
calculated. 

per  cent 

mg. 

mg. 

mg. 

mg. 

1 

59 

335 

193 

198 

-12 

2 

65 

335 

220 

218 

+  6 

3 

58 

335 

195 

194 

+  3 

4 

57 

335 

186 

191 

-12 

5 

58 

335 

187 

194 

-17 

6 

56 

335 

189 

187 

+  5 

7 

60 

335 

199 

201 

—    0 

and  magnesium),  in  the  serum  of  normal  adults  and  have  there- 
fore assumed  in  Tables  I  and  II  the  average  of  our  previously 
reported  figures  for  sodium  and  potassium  as  representing  the 
concentration  of  these  elements  in  the  serum  of  the  normal  adult 
male.  The  concentration  of  calcium  was  determined  directly  on 
ashed  plasma.  The  whole  blood  samples  were  collected  in  dis- 
tilled water  and  weighed  and  the  cations  determined  by  methods 
referred  to  above.  The  relative  proportion  of  corpuscles  to 
plasma  was  determined  by  the  use  of  hematocrit,  and  the  concen- 
tration of  the  various  elements  in  the  corpuscles  calculated  from 
the  assumed  concentration  of  the  respective  element  in  the  serum, 
its  concentration  in  whole  blood,  and  the  percentage  of  corpuscles. 
The  results  of  our  determinations  are  given  in  Tables  I  to  VI. 
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Column  2  of  Table  I  shows  the  proportion  of  plasma  in  the 
blood  samples  analyzed;  Column  3,  the  average  value  for  sodium 
expressed  in  mg.  per  100  cc.  of  serum  for  all  our  determinations  with 
sera  of  normal  adults.  The  figures  for  sodium  of  whole  blood  are 
given  in  Column  4.  The  number  of  mg.  of  sodium  present  in  the 
amount  of  serum  contained  in  100  cc.  of  the  given  whole  blood 
sample,  is  given  in  Colimin  5.  It  will  be  seen  that  the  latter  is 
practically  the  same  as  the  sodium  concentration  in  the  whole 
blood  of  the  sample;  i.e.,  that  there  is  no  sodium  in  the  corpuscles. 

TABLE  II. 
Concentration  of  Potassium  in  Blood  Serum  and  Corpuscles  of  Normal  Adidls. 


Sample. 

Plasma. 

K  per  100  cc. 
serum. 

K  per  100  cc. 
blood. 

K  per  100  cc. 
corpu3cIe3. 

per  cent 

mg. 

mg. 

mg- 

1 

61 

19.5 

172 

410 

2 

60 

19.5 

187 

438 

3 

57 

19.5 

188 

410 

4 

68 

19.5 

153 

437 

5 

58 

19.5 

186 

420 

6 

57 

19.5 

200 

438 

7 

61 

19.0 

180 

430 

8 

62 

19.5 

175 

428 

9 

57 

19.5 

202 

444 

10 

59 

19.5 

193 

441 

11 

65 

19.5 

164 

413 

12 

65 

19.5 

169 

425 

13 

56 

19.5 

201 

430 

Average 

60.5 

19.5 

182 

428 

Column  4  of  Table  II  gives  the  figures  for  the  number  of  mg. 
of  potassium  per  100  cc.  of  whole  blood.  We  have  calculated 
the  concentration  of  the  same  element  in  100  cc.  of  corpuscles 
and  placed  the  results  in  ColumnS.  Itise\'ident  thattheK  content 
of  the  blood  of  the  adult  man  varies  directly  as  the  corpuscular 
content.  With  a  corpuscular  content  of  43  per  cent  (Sample  3) 
the  K  of  100  cc.  of  whole  blood  was  188  mg.  whereas  when  the 
percentage  of  corpuscles  dropped  to  32  (Sample  4)  the  K  content 
of  the  whole  blood  fell  to  153  mg.  per  100  cc.  This  is  shown  in  a 
more  striking  manner  if  one  calculates  the  K  content  of  the  cor- 
puscles.    When  this  is  done  the  constancy  of  the  K  content  of  the 
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corpuscles  becomes  apparent  (see  Column  5).  Since  as  we  shall 
see  later,  the  corpuscles  contain  no  calcium  and  on  y  traces  ot 
magnesium  and,  as  we  have  seen  from  results  recorded  m  Table  1, 
no  sodium,  it  becomes  ob^-ious  that  potassium  constitutes  practi- 
cally all  the  fixed  mineral  base  of  the  corpuscles.  In  this  respect 
man  differs  from  a  number  of  animals,  namely  the  dog  and  cat, 

TABLE  III. 
Concentration  of  Calcium  in  Blood  Serum  and  Corpuscles  of  Normal  Adults. 


...      1 

Ca  in  100  cc. 

Ca  per  100  cc. 

Ca  per  luu  cc. 

of  corpuscles 

Sample. 

Plasma. 

plasma. 

blood. 

100  cc.  blood 

calculated. 

per  cent 

mo- 

mg. 

mg. 

mg. 

1 

58 

10.0 

5.3 

5.8 

-1.2 

2 

57 

9.5 

5.3 

5.4 

-0.2 

3 

4 

72 

9.5 

6.7 

6.8 

-0.4 

59 

9.8 

6.2 

5.8 

+1.0 

58 

9.5 

5.3 

5.4 

-0.2 

Q 

65 

9.3 

5.9 

6.0 

-0.3 

7 

57 

9.7 

5.5 

5.5 

±0.0 

TABLE  IV. 

Concentrati 

jn  of  Magr 

esium  in  Blood  and  Seru 

m  of  Normal  Adults. 

Sample. 

Magnesium  per  100  cc. 
whole  blood. 

Magnesium  per  100  cc.  serum. 

mg. 

1 

2.6 

2 

4.0 

3 

3.8 

4 

3.8 

5 

2.8 

6 

2.8 

7 

3.8 

8 

2.3 

Average . 

3.2 

2.5 

' 

whose  corpuscles  contain  potassium  in  practically  the  same  con- 
centration as  does  their  plasma.  These  animals  make  up  their 
deficit  of  potassium  in  the  corpuscles  with  sodium. 

Table  III  shows  that  in  seven  consecutive  instances,  we  analyzed 
the  calcium  of  the  serum  and  whole  blood  and  calculated  from 
these  data  and  the  hematocrit  reading  the  calcium  of  the  cor- 
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puscles.     In  not  a  single  instance  were  we  able  to  demonstrate, 
with  certainty,  the  presence  of  calcium  in  the  corpuscles. 
Table  IV  requires  no  explanation. 

SUMMARY. 

1.  We  have  previously  shown  that  the  concentrations  of  sodium, 
potassium,  calcium,  and  magnesium  in  the  sera  of  normal  adults 
and  children  are  singularly  constant. 

2.  Table  I  shows  that  human  corpuscles  are  practically  free  of 
sodium. 

3.  The  concentration  of  potassium  in  human  corpuscles  is 
remarkably  constant  varying  only  from  410  to  440  mg.  per  100  cc. 
of  corpuscles.  The  average  value  found  for  thirteen  samples  was 
428  mg.  This  is  about  twenty  times  the  concentration  of  the  same 
element  in  serum.  Potassium  represents  practicall.y  all  the  fixed 
mineral  base  of  human  corpuscles. 

4.  Only  about  2  to  4  mg.  of  magnesium  ai-e  present  in  100  cc. 
of  corpuscles. 

5.  The  magnesiimi  content  of  whole  blood  varies  from  2.3  to 
4.0  mg.  per  100  cc.  These  figures  agree  with  those  reported  by 
earlier  investigators. 

6.  In  a  study  of  seven  consecutive  normal  bloods  we  found 
practically  no  calcium  in  the  corpuscles. 

The  Presence  of  Calcium  in  Corpuscles.- — The  question  of  the 
presence  of  calcium  in  blood  corpuscles  has  recently  been  the  sub- 
ject of  considerable  discussion.  The  earlier  workers  (4)  regularly 
found  no  calcium  in  the  corpuscles.  More  recently  a  number  of 
investigators  have  reported  the  finding  of  considerable  amounts 
of  calcium  in  blood  corpuscles.  Hamburger  (10)  found  as  much 
as  32  mg.  of  calcium  per  100  cc.  of  corpuscles.  Rona  and  Taka- 
hashi  (11)  were  able  to  demonstrate  the  presence  of  only  1.0  to 
2.4  mg.  in  an  equal  volume  of  corpuscles  while  Heubner  and  Rona 
(12)  found  demonstrable  amounts  of  calcium  in  the  red  blood  cells 
of  only  six  cats  in  a  series  of  twentj'-sLx  animals  studied.  Cowie 
and  Calhoun  (13)  maintain  that  considerable  amomits  of  calcium  are 
present  in  corpuscles  and  in  more  recent  pubHcations  Jones  and 
Nye,  and  Jones  (14)  insist  upon  the  presence  of  calcium  in  cor- 
puscles in  appreciable  amounts. 
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Howland  and  Marriott  (15)  found  human  corpuscles  to  be  free 
of  calcium.     Lamers   (16)    concluded   from  his  analyses  of  the 
blood  of  healthv  women  and  of  women  suffering  with  a  variety  ot 
diseases,  that  detectable  amounts  of  calcium  do  not  occur  in 
human  corpuscles.     Richter-Quittner  and  Falta  (17)  also  failed 
to  find  calcium  either  in  human  blood  corpuscles  or  in  those  of 
animals      In  a  series  of  seven  consecutive  samples  of  blood  from 
seven  normal  adults  we  have  likewise  been  unable  to  demonstrate 
the  presence  of  calcium  in  the  corpuscles  of  a  single  individual. 
We  shall  not  enter  here  into  a  description  of  the  various  controls 
which  wc  have  made  to  convince  ourselves  of  the  accuracy  of 
our  methods  both  for  serum  as  well  as  for  whole  blood.     These 
have  been  described  elsewhere  in  defciil.     We  are  conxanced,  and 
our  con%action  is  based  upon  a  lai'ge  number  of  analyses  of  human 
blood   and  of  the  blood  of  a  variety  of  animals,  that  the  calcium  of 
serum'  or  plasma  is  remarkably  constant  for  a  large  variety  of 
normal  animals  (man,  dog,  rat,  sheep,  and  cow),  varying  only 
from  9  to  11  mg.  per  100  cc.  of  serum.    The  concentration  of  the 
same  element  in  whole  blood  shows  a  much  greater  fluctuation 
because  of  the  variation  in  the  percentage  of  corpuscles  in  different 
samples.    Nevertheless,  the  figure  for  whole  blood  rarely  exceeds 
7  mg  per  100  cc.  of  blood.    Neither  does  it  fall,  except  in  cases 
of  marked  polycythemia,  below  5  mg.     Table  III  illustrates  some 
of  these  statements.     We  have  been  unable  to  demonstrate  the 
presence  of  calcium  in  appreciable  amounts  in  the  corpuscles  of 
the  normal  adult   and  are  inclined  to  attribute  the  finding  of 
calcium  in  the  corpuscles  by  others  to  errors  in  their  calcmm 
determinations.     The  sources  of  such  errors  in  the  determination 
of  minute  amounts  of  calcium  have  been  discussed  by  Kramer, 
Tisdall,  and  Rowland  (18). 

A  simple  example  in  which  the  figures  used  represent  the  average 
of  a  large  scries  of  determinations  made  by  Jones  and  Nye  (14) 
on  the  blood  of  normal  boys  and  girls,  will  serve  to  illustrate  the 
usual  error  in  such  investigations.  The  average  calcium  con- 
centration per  100  cc.  of  plasma  was  found  by  them  to  be  10.1 
mg.,  that  of  whole  blood  9.4  mg.,  and  the  percentage  of  corpuscles 
was' 38.4.  If  there  were  no  calcium  in  the  corpuscles  the  concen- 
tration of  calcium  per  100  cc.  of  whole  blood  should  have  been 
10.1   X  61.6  =  6.2  mg.     A  glance  at  Table  III  shows  this  to  be  a 
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normal  value  for  the  calcium  concentration  of  whole  blood.  The 
amount  actuall.y  found  by  Jones  and  Nye  was  9.4  mg.  They  used 
the  method  of  Lyman  (19)  for  their  calcium  determinations.  It 
has  been  pointed  out  elsewhere  (18)  that  when  the  supernatant 
fluid  obtained  after  precipitating  plasma  proteins  with  trichloro- 
acetic acid  (as  performed  in  the  Lyman  procedure)  is  filtered 
through  even  good  grades  of  acid-washed  filter  paper,  calcium,  in 
variable,  but  demonstrable  amounts,  may  enter  the  filtrate  and  be 
responsible  for  many  of  the  high  values  for  calcium  frequently 
obtained. 

Existence  of  Alkali  Protein  Compounds  in  Blood. — The  con- 
centrations of  chlorine  and  bicarbonate  have  been  repeatedly 
determined  for  normal  serum  and  plasma  by  many  investigators. 
We  have  tabulated  some  of  these  results  in  Table  V  in  grams,  gram 
equivalents,  and  their  acid  equivalent  expressed  as  cc.  of  0.1  n 
acid  per  liter.  The  concentrations  of  chlorine  and  bicarbonate  in 
corpuscles  have  teen  determined  bj'  Fridericia  (20).  Means 
(21)  and  his  collaborators  have  also  studied  the  distribution  of 
bicarbonate  between  the  corpuscles  and  plasma  of  normal  adults. 
Some  of  these  determinations  are  given  in  Tables  Y  and  VL  The 
value  for  the  concentration  of  inorganic  phosphorus  in  the  serum 
represents  the  average  of  a  large  number  of  determinations  by 
ourselves.  We  have  accepted  Bloor's  statement  (22)  that  the  inor- 
ganic phcsphorus  of  corpuscles  is  about  twice  that  of  serum.-  De 
Boer  (23)  found  the  concentration  of  sulfate  in  plasma  to  be 
0.002  M.  The  figures  recorded  for  the  concentration  of  sodium, 
potassium,  calcium,  and  magnesium  in  corpuscles  and  serum  ai'e 
the  averages  of  all  the  determinations  which  we  have  made. 

If  one  calculates  the  concentrations  of  acid  and  basic  equivalents 
found  in  serum  and  corpuscles,  it  is  foimd  that  in  each  case  there  is 
an  excess  of  base  of  about  IG  per  cent.  Since  the  pH  of  normal 
blood  is  about  7.35,  this  base  cannot  be  free.  In  considering 
substances  that  occur  in  normal  blood  and  might  bind  fixed  base 
one  thinks  of  (a)  proteins  functioning  as  acids  (Loeb,  24)  and  (6) 
organic  acids,  including  lactic  acid  and  amino-acids.  In  a  recent 
review  Van  Slj'ke  (25)  states: 

'  This  statement  has  recently  been  challenged  by  Zucker  and  Gutman, 
who  maintained  that  the  inorganic  phosphorus  concentration  is  the  same 
both  inside  and  outside  the  red  blood  cells  (Zucker,  T.  F.,  and  Gutman. 
M.  B.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1921-22,  xix,  169). 
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it  is  practically  certain  that  it  (blood)  contains  no  sub- 
stances in  considerable  amount  of  which  we  do  not  have  at  least  suftcient 
knowledge  to  tell  whether  or  not  they  can  act  as  buffers,  i.e.,  whether  or  not 
they  arc  salts  of  weak  acids  or  bases.  An  examination  of  the  constitu- 
tents  (of  blood)  reveals  among  those  present  in  amounts  sufficient  to  have 
significant  effect  only  the  proteins,  the  bicarbonate,  and  the  phosphate, 
which  can  be  expected  to  act  as  CO-:  carrying  buffers." 
These  and  cUorine,  therefore,  would  represent  the  base-binding 
substances  of  blood. 

T.\BLE  V. 
Concentration  of  Basic  and  Acid  Radicles  in  Senim. 


Per  liter. 


Gram  equivalents 
per  liter. 


0.1  N  base. 


Basic  radicles. 

ICa      

pm. 

3.350 
0.200 
0.100 
0.030 

0.1460 
0.0050 
0.0050 
0.0025 

cc. 

1,460 

K 

50 

Ca           

50 

Mg 

25 

Total  

0.15S5 

1,585 

Acid  radicles. 


-CI 

3.600 
1.630 
0.092 
0.192 

0.1010 
0.0267 
0.0010* 
0.0040 

1,010 

-HCOs 

267 

-HPO, 

18 

_S04 

40 

Total        

0.1327 

1,335 

Excess  of  base .... 

0.0258 

250 

Percentage  of  base  not  combined  with  acid  radicles,  16  per  cent. 

*  This  figure  is  really  the  molar  concentration  of  HPO4  rather  than  the 

equivalent.    The  difference,  however,  is  so  small  as  to  be  negligible.    The 

equivalent  of  0.1  n  base  has  been  calculated  on  the  basis  of  what  the  ratio 

,,  ,     ,      N.HPO,     ^    „_„. 
would  be  for  ^.  .,,  „^^   at  pH  7.-3o. 
NaH2P04 

According  to  Campbell  and  Poulton  (26)  the  isoelectric  point 
of  hemoglobin  is  at  pH  6.98.  Michaelis  (27)  gives  the  isoelectric 
point  of  scrum  gloI)uhn  as  pH  5.5  and  that  of  serum  albumin  as 
pH  4.7.    The  pH  of  normal  serum  is  7.35  and  that  of  corpuscles 
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differs  probably  only  slightly  from  this  figure  (28).  Loeb  (24) 
ha.s  demonstrated  that  at  a  pH  greater  than  that  of  their  isoelectric 
point  proteins  function  as  acids  forming  readily  dissociable  salts 
with  univalent  cations.  These  facts  make  the  existence  of  protein 
cation  compounds  in  serum  and  corpuscles  highly  probable. 

Bloor  (22)  has  shown  that  the  so  called  undetermined  phosphorus 
in  the  corpuscles  may  be  very  high.  This  fraction  he  considers 
as  possibly  an  organic  acid.  Since  we  know  practically  nothing 
as  to  its  nature,  it  is  idle  to  speculate  as  to  the  possibilitj'  of  its 

TABLE  VI. 
Concentration  of  Basic  and  Acid  Radicles  in  Corpxiscles. 


Per  liter. 


Gram  equivalents 
per  liter. 


0. 1  X  base. 


Basic  radicles. 

K 

gm. 

4.280 
0.050 

0.1097 
0.0040 

cc. 

1  097 

Mg 

40 

Total 

0.1137 

1  137 

Acid  radicles. 


-HC03 

1.680 
2.230 
0.182 

0.0276 
0.0628 
0.0020 

276 

-CI 

628 

-HP04. 

36 

Total 

0.0924 

940 

Excess  of  base .... 

0.0213 

197 

Per  cent  of  base  not  combined  with  acid  radicles,  17  per  cent. 


forming  any  compounds  with  potassimn.  Ryffel  (29)  has  shown 
that  even  normal  blood  may  contain  0.012  per  cent  lactic  acid. 
Nevertheless,  the  ease  with  which  this  acid  is  formed  in  vitro  in 
biological  material  containing  sugar  raises  the  question  of  its 
actual  existence  in  the  circulation  under  normal  conditions. 
Amino-acids  might  possibly  bind  20  cc.  of  0.1  n  base  in  the  serum 
and  60  cc.  in  the  corpuscles  (30). 

We  may  conclude,  therefore,  that  there  are  other  substances 
in  normal  seriun  and  corpuscles,  beside  the  well  known  anions, 
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wliich  l.ind  l>:iso.     These  substances  are  probably  for  the  most 
part  proteins  functioning  as  acids. 

Total  Available  Fixed  Base  of  Blood. 

Table  V  shows  that  the  sodium  content  of  1  liter  of  serum  is 
cqu'il  to  1  460  cc.  of  0.1  N  base.     The  total  available  base  of  1  hter 
of  serum  is  equd  to  1,585  cc.  of  0.1  N  base;  i.e.,  sodium  represents 
92  per  centof  the  mineral  base  of  serum.    The  remammg  8  per  cent 
is  represented  bv  calcium,  magnesium,  and  potassium.     It  has 
been  shown  elsewhere  that  the  magnesium  concentration  of  serum 
varies  but  little  with  normal  indiA-iduals,  as  well  as  with  those 
suffering  from  a  variety  of  pathological   conditions.     Hence  for 
practical  purposes  the  concentration  of  this  element  may  be  con- 
sidered as  a  constant.     The  concentration  of  calcium  is  likewise 
a  fixed  quantity  except  with  nephritis  in  adults  and  tetany  m 
children  (18).     Here  the  calcium  concentration  of  the  serum  is 
rarely  reduced  below  5  mg.  per  100  cc.  of  serum.    Furthermore, 
the  potassium  concentration  is  usually  increased  under  the  same 
circumstances  (31).    The  increase  of  potassium  is  usuaUy  com- 
pensated for  wholly  or  in  part  by  a  decrease  of  the  calcium  con- 
centration.   A  decrease  of  the  calcium  concentration  to  5  mg. 
reduces  the  figure  for  fixed  base  by  an  amount  equal  to  25  cc.  of 
0.1  N  base,  while  an  increase  of  potassium  to  30  mg.,  the  maximum 
which  we  have  found  in  any  case,  corresponds  likewise  to  an  in- 
crease of  fixed  base  of  25  cc.  of  0.1  n  base  so  that  if  we  assume  the 
concentration  of  K,  Ca,  and  Rig  as  unchanged  and  add  this  value 
expressed  as  0.1  n  base  to  the  figure,  expressed  in  similar  terms, 
obtained  by  actually  determining  the  concentration  of  sodium 
in  scrum  we  obtain,  within  ±  5  per  cent,  a  measure  of  the  total 
fixed  base  of  the  serum.     The  only  element  whose  concentration 
must  be  determined  is  sodium  and  this  can  be  done  on  1  to  2  cc. 
of  serum  with  an  error  that  does  not  exceed  ±  3  per  cent.     In  a 
similar  manner  the  total  fixed  base  of  corpuscles  can  be  deter- 
mined by  finding  the  potassium  concentration  of  whole  blood,  the 
proportion  of  corpuscles  to  serum,  and  assuming  the  K  concentra- 
tion of  serum  as  20  mg.  per  100  cc. 
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CONCLUSIONS. 

1.  The  corpuscles  of  human  blood  do  not  contain  appreciable 
amounts  of  sodium  or  calcium. 

2.  The  average  concentration  of  potassium  per  100  cc.  of  cor- 
puscles found  in  thirteen  normal  adiilts  was  428  mg. 

.3.  The  concentration  of  magnesium  in  whole  blood  is  slightly 
higher  than  that  of  serum. 

4.  The  extent  to  which  the  concentration  of  sodium,  potassium, 
calcium,  and  magnesium  in  whole  blood  and  corpuscles  may  vary  is 
indicated  in  the  tables. 

5.  Evidence  is  presented  showing  that  there  is  an  excess  of 
about  16  per  cent  of  basic  radicles  over  the  well  known  acid  radicles 
in  both  serum  and  corpuscles.  It  is  likely  that  the  excess  is  in 
combination  with  proteins. 

6.  Sodium  represents  about  92  per  cent  of  the  fixed  base  of 
serum ;  potassium,  practically  all  that  of  corpuscles. 
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Analji;ical  methods  foi-  the  separation  of  proteins  from  their 
split-products  are  based  ahiiost  entirely  on  the  greater  ease  ^dth 
wliich  the  proteins,  as  compared  with  their  products,  are  thrown 
out  of  solution  by  various  coagulants  and  precipitants.  Some  of 
the  latter  agents  do  not  precipitate  all  proteins,  while  some  of 
them  are  known  to  precipitate  certain  proteolytic  products;  e.g., 
heat  does  not  coagulate  gelatin,  alumina  cream  does  not  pre- 
cipitate hemoglobin  (1);  saturation  with  ammonimn  suKate 
precipitates  not  only  proteins  but  also  some  of  the  higher  albu- 
moses.  The  various  precipitants  are  used  more  or  less  blindly  in 
analyses  of  complex  mixtures  such  as  blood  and  protein  digests. 

The  present  paper  reports  the  results  of  an  attempt  to  ascertain 
empiricallj''  but  somewhat  more  definitely  the  manner  in  which 
some  of  these  precipitants  act  towards  the  proteins  and  protein 
derivatives  of  blood,  and  of  Witte's  peptone  as  a  representative 
mixture  of  intermediate  products.  The  relative  proportions  of 
total  nitrogen  precipitated,  and  of  the  total  nitrogen,  amino 
nitrogen,  and  peptide-bound  nitrogen  in  the  filtrates  have  been 
studied  with  seven  precipitants.  The  latter  have  been  applied 
to  blood,  peptone  solutions,  blood  plus  peptone,  and  blood  plus 
amino-acids.  In  order  to  simplify  the  amino  nitrogen  determina- 
tions in  blood  filtrates  the  blood  urea  was  destroyed  with  urease 
before  the  precipitants  were  used,  and  the  ammonia  formed  was 
removed  after  precipitation  by  vacuum  distillation  of  the  filtrates. 

EXPERIMENTAL. 

Preparation  of  Blood. — 1  liter  samples  of  ox  blood  were  collected 
in  large  bottles  containing  5  gm.  each  of  potassium  oxalate. 
5  gm.  of  Squibb's  urease  were  added,  and  the  blood  was  allowed 
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to  stand  1  hour  at  room  temperature.  1  per  cent  phenol  was 
added  and  the  blood  was  kept  in  the  ice  box,  whence  portions 
were  removed  as  needed. 

Preparation  of  Witte's  Peptone  Solulimi.— 20  gra.  of  Witte's 
peptone  were  dissolved  in  water  and  diluted  to  a  volume  of  500  cc. 
The  pll  was  adjusted  to  7.4  and  the  solution  was  filtered.  In 
the  precipitation  experiments  this  solution  was  treated  as  de- 
scribed for  blood,  except  that  the  preliminary  urease  treatment 
was  omitted. 

Precipitation  Methods.— The  following  methods  for  precipitatmg 
proteins  were  applied  to  both  ox  blood  and  Witte's  peptone: 

1.  Colloidal  Iron  and  Heat  (£).— Before  using  coUoidal  iron  for 
precipitating  the  proteins  from  whole  blood  a  preliminary  test 
was  made  to  determine  the  amount  of  iron  required.  The  pro- 
cedure was  that  previously  employed  by  Van  Slyke,  Vinograd- 
Villchur,  and  Losee  (2)  for  plasma,  except  that  we  have  used  so- 
dium sulfate  as  electrolj^e  instead  of  magnesium  sulfate.  Merck's 
dialyzed  iron  (5  per  cent  FeoOa)  and  a  20  per  cent  solution  of 
sodium  sulfate  were  used.  The  procedure  was  the  following:  Into 
beakers  were  measured  20  cc.  portions  of  water  and  2  cc.  portions 
of  ox  blood.  The  contents  were  heated  to  boiling  and  colloidal 
iron  solution  was  added  drop  by  di-op  in  the  amounts  designated 
in  Table  I.  After  a  few  seconds  boihng  the  sodium  sulfate  solution 
was  added  as  indicated  in  the  table,  and  the  whole  was  thrown  onto 
a  folded  filter.     The  results  are  given  in  Table  I. 

The  proportions  used  in  No.  3  seemed  satisfactory  for  small 
amounts  of  blood,  but  where  large  volumes  were  used  a  slightly 
cloudy  filtrate  was  obtained.  The  larger  proportions  of  colloidal 
iron  indicated  by  No.  2  were  apparently  required  for  complete 
precipitation. 

The  colloidal  iron  was  used  in  routine  experiments  as  follows :  In  a  large 
beaker  were  mixed  300  cc.  of  water  and  50  cc.  of  the  Witte's  peptone  solu- 
tion, or  of  ox  blood  which  had  been  treated  with  urease  as  described.  ■  The 
mixture  was  heated  to  boiling,  then  50  cc.  of  colloidal  iron  were  added  drop 
by  drop  with  stirring.  The  boiling  was  continued  for  a  few  seconds,  while 
25  cc.  of  20  per  cent  sodium  sulfate  were  added.  The  mixture  was  allowed 
to  cool,  then  washed  into  a  500  cc.  volumetric  flask,  and  diluted  to  the 
mark.  It  was  filtered  through  a  dry  folded  filter;  250  cc.  of  the  filtrate  were 
measured  into  a  distilling  flask,  made  alkaline  to  phenolphthalein  with 
sodium  hydroxide  solution,  and  concentrated  in  vacuo  to  about  10  cc. 
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The  residue  was  neutralized  with  acetic  acid,  and  diluted  to  25  cc.  This 
solution  was  analyzed  in  the  following  manner. 

(a)  Total  Nitrogen.— o  cc.  portions  were  analyzed  by  macro   Kjeldahl, 
using  0.02  N  acid  and  alkali  for  titration. 

(b)  Amino  Nitrogen.-2  cc.  portions   were   analyzed   accordmg  to  Van 

^'^'(c)  feplide  Nitrogen.-To  5  cc.  in  a  hard  glass  test-tube  were  added 
5  cc  of  concentrated  hydrochloric  acid,  the  tube  was  covered  with  an 
inverted  short,  wide  tube,  and  heated  for  24  hours  at  100°  in  the  steam  bath. 
The  contents  were  then  washed  into  a  glass  evaporatmg  dish  and  con- 
centrated almost,  but  not  quite,  to  dryness.  The  concentrated  filtrates 
were  neutralized  to  alizarin  with  40  per  cent  sodium  hydroxide  solution  and 
diluted  to  10  cc.     2  cc.  were  used  for  amino  nitrogen  determinations. 

TABLE  I. 

Behavior  of  Colloidal  Iron  as  Precipitant  of  Whole  Blood. 


No. 

Ox 

blood. 

Colloidal 

iron 

solution 

(5  per  cent 

FeiO)). 

Sodium 

sulfate.  20 

per  cent 

solution. 

Remarks. 

1 

cc. 
0 

cc. 

3 

cc. 

1.5 

Filters   water-clear   and    rapidly,    but 

0 

2 

2 

1.0 

precipitate  very  bulky. 
Filters  water-clear  and  rapidly,  precip- 

itate less  bulky. 

3 

o 

1.5 

0.75 

Filters  water-clear  and  rapidly,  precip- 

4 

o 

1.0 

0.5 

itate  slightly  less. 
Filtrate  yellow  and  cloudy,  precipitate 
much  less. 

2.  Tungstic  Aad.— The  technique  followed  was  essentially  that 
of  Folinand  Wu  (4). 

50  cc.  of  ox  blood  or  peptone  solution  were  measured  into  a  500  cc.  volu- 
metric flask  to  which  were  added  300  cc.  of  water  and  50  cc.  of  a  10  per  cent 
sodium  tungstate  solution,'  and  the  contents  were  well  mi.xed.  50  cc. 
of  2  3  N  sulfuric  acid  were  added,  the  contents  were  again  mixed,  were 
diluted  to  volume,  shaken  several  times,  and  after  5  or  10  minutes  were 
filtered  through  a  dry  folded  filter.  Of  the  filtrate  250  cc.  were  treated 
exactly  as  described  under  "Colloidal  iron. " 

The  final  concentration  of  sodium  tungstate  is  1  gm.  per  100  cc. 
of  final  mixture,  and  it  is  indicated  as  "  1  per  cent  tungstate"  in 
Table  III. 
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In  the  experiments  indicated  in  Table  III  as  "2  per  cent 
tungstate"'  the  conditions  were  the  same,  except  that  twice  as 
much  of  both  tungstate  and  sulfuric  acid  were  used. 

In  a  separate  experiment  with  Witte's  peptone,  of  which  the 
results  are  given  in  Table  VI,  only  one-fifth  the  above  amount 
of  peptone  was  used,  the  other  details  being  the  same.  ^ 

S.  Trichloroacetic  Acid  (5).— Ox  blood  and  Witte's  peptone 
were  precipitated  in  2.5,  5,  and  10  per  cent  trichloroacetic  acid. 

9.5  Per  Cent  Trichloroacelic  Acid.— 50  co.  of  blood  or  peptone  solution 
were  diluted  with  200  cc.  of  distilled  water,  were  well  mixed,  then  diluted 
gradually  and  with  constant  shaking,  to  a  volume  of  500  cc.  with  5  per  cent 
trichloroacetic  acid.  The  mixture  was  allowed  to  stand  30  minutes,  and 
was  then  filtered  through  a  dry  folded  filter.  Of  the  filtrate  250  cc.  were 
measured  into  a  large  beaker  and  boiled  over  a  free  flame  for  15  minutes  to 
decompose  the  bulk  of  the  trichloroacetic  acid  (CCI3COOH  =  CHCI3  + 
CO2).  The  solution  was  then  made  alkaline  to  phenolphthalein  with  a 
few  drops  of  sodium  hydroxide  solution,  was  concentrated  in  vacuo,  and 
was  treated  as  described  inider  "Colloidal  iron. " 

5  Per  Cent  Trichloroacetic  Acid. — 50  cc.  of  blood  or  peptone  solution  were 
treated  as  above,  except  that  10  per  cent  trichloroacetic  acid  solution  was 
added  instead  of  5  per  cent.  The  mixture  w.as  allowed  to  stand  20  minutes. 
Of  the  filtrate,  250  cc.  were  diluted  with  an  equal  volume  of  water,  in 
order  to  reduce  the  trichloroacetic  acid  concentration  to  2.5  per  cent; 
since  with  5  per  cent  a  slight  but  measurable  hydrolysis  of  intermediate 
products  may  occur  when  the  solution  is  boiled  to  decompose  the  acid. 
After  the  dilution  the  filtrate  was  boiled  and  treated  like  the  2.5  per  cent 
filtrate. 

10  Per  Cent  Trichloroacetic  Acid. — 50  cc.  of  blood  or  peptone  solution 
were  treated  as  above,  except  that  20  per  cent  trichloroacetic  acid  solution 
was  added  instead  of  5  or  10  per  cent.  The  mixture  was  allowed  to  stand 
10  minutes.  Of  the  filtrate  250  cc.  were  diluted  4-fold,  and  the  procedure 
continued  as  above. 

4.  Ethyl  Alcohol. — 50  cc.  of  ox  blood  or  peptone  solution  were  diluted 
to  500  cc.  with  95  per  cent  ethyl  alcohol,  allowed  to  stand  24  hours,  and  then 
filtered  through  a  dry  folded  filter.  To  the  filtrate  0.5  co.  of  saturated 
alcoholic  solution  of  zinc  chloride  was  added  to  precipitate  the  last  traces 
of  protein  (6).  The  solution  was  well  mixed,  allowed  to  stand  for  a  few 
moments,  and  again  filtered.  250  cc.  of  the  filtrate  were  made  alkaline 
with  sodium  hydroxide  and  concentrated  in  vacuo  to  a  sni.all  volume.  A 
little  water  was  added  and  the  solution  was  again  concentrated  to  drive 
off  the  last  traces  of  alcohol,  so  that  the  latter  would  not  interfere  with  the 
subsequent  amino  nitrogen  determination.  The  solution  was  then  ana- 
lyzed as  described  under  "Colloidal  iron." 

5.  Metaphosphoric  Acid  (7). — The  metaphosphoric  acid  was  prepared 
according  to  the  method  of  Folin  (8)  and  a  25  per  cent  solution  was  made 
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up  just  before  using.  Into  a  500  cc.  volumetric  flask  were  measured  200  cc. 
of  water,  50  cc.  of  ox  blood,  or  of  peptone  solution,  and  30  cc.  of  the  25 
per  cent  solution  of  metaphosphoric  acid.  The  contents  were  well  mixed 
and  allowed  to  stand  1  hour,  then  diluted  to  volume  with  water  and 
filtered  through  a  dry  folded  filter.  The  remaining  procedure  was  the 
same  as  that  described  under  "Collodial  iron." 

TABLE  III. 
Precipitations  of  Witle's  Peptone.  


Precipitant. 


None 

Trichloroacetic  acid. 

2.0  per  cent 

5      " 

5      " 
10      " 

HPO, 

HgClo 

Colloidal  ison 

Picric  acid 

Alcohol 

Tungstate. 

1  per  cent 

2  "  " 

9     K  (( 

1     tt  n 


Pep- 
tone in 
100  cc. 
of  pre- 
cipita- 
tion 
mix- 
ture. 


0.400 

0.400 
0.080 
0.400 
0.400 
0.400 
0.400 
0.400 
0.400 
0.400 

0.080 
0.080 
0.400 
0.400 


Pep- 
tone N 
in 

100  CO. 

of  pre- 
cipitate 
mixture. 


Percentfige  of  original 
peptone  N  in  filtrate  as 


ym 

0.05S4 

0.0584 

0.011 

0.0584 

0.05S4 

0,0584 

0.0584 

0.0584 

0.0584 

0.0584 

0.0117 
0.0117 
0.0584 
0.0584 


per 
cent 

100.0 


85.4 

77.9 
62.5 
67.8 
71.2 
55.2 

29. 


26.7 


per 
cent 

10.4 


10. 

10. 
9.7 
9.4 
8.3 
8.2 
7.0 
5.3 
4 

5.3 
5.3 
4.6 
4.0 


per 
cent 

62.5 


Volume 
of 

filtrate 
from 
100  cc. 

of  mix- 
ture. 


per 
cent 

27.1 


52.3 

51.5 

46.3 

38 

40.4 

38.9 

29.7 

19.0 

21.3 


26.7 
27.9 
17.6 
16.2 


22.6 

21.9 
14.9 
19.1 
24.3 
18.5 

4.6 


6.5 


100 

91 

92 
94 
84 
83 
66 
80 
88 


pHof 

filtrate. 


7.4 

>  1 

>  1 

>  1 

i.a 

4.7 
3.6 

5.7 


2.8 


6.  Picric  Acid.— 50  cc.  of  blood  were  diluted  to  500  cc.  with  saturated 
aqueous  picric  acid  solution,  allowed  to  stand  25  minutes,  and  filtered. 
250  cc.  of  the  filtrate  were  treated  as  described  under  "Collodial  iron,"  the 
final  dilution  being  to  50  cc.  instead  of  25,  in  order  to  avoid  separation 
of  an  inconvenient  bulk  of  picrate  crystals. 

7.  Mercuric  Chloride. — This  precipitant  was  u.sed  essentially  according 
to  the  technique  of  Gettler  and  Baker  (9).  Into  a  500  cc.  Erlenraeyer 
flask  were  measured  50  cc.  of  blood,  or  peptone  solution,  50  cc.  of 
water,  100  cc.  of  5  per  cent  hydrochloric  acid,  and  100  cc.  of  5  per  cent 
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mercuric  chloride,  making  a  total  volume  of  300  cc.  The  solution  wais  well 
mixed  and  filtered.  150  cc.  were  treated  with  hydrogen  sulfide,  and  the 
mercuric  sulfide  was  filtered  and  washed.  The  combined  filtrate  and  wash 
water  were  concentrated  in  vacuo  to  remove  hydrogen  sulfide.  The  con- 
tents of  the  flask  were  diluted  with  water,  made  alkaline  to  phenolphthalein 
with  sodium  hydroxide  solution,  and  the  procedure  was  continued  as 
described  under  "  Colloidal  iron." 
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2.57.  ST.  107. 

CCI3C00H    ccijCooH   ca,ax)H 


HP03 


Hgan*  Colloidal    Picpic 
HCl         iron        acid 


Alcohol 


tunjstate 


Fig.  1.  Nitrogen  in  the  filtrates  from  three  samples  of  ox  blood.  The 
results  from  Bloods  1,  2,  and  3,  respectively,  are  indicated  by  three  lines  in 
order  from  left  to  right,  in  the  case  of  each  precipitant,  except  HgCh, 
which  was  tested  only  with  Blood  2.  For  picric  acid  the  total  nitrogen 
figures  are  omitted,  since  the  nitrogen  content  of  the  precipitant  renders 
its  filtrates  unsuited  for  the  Kjeldahl  estimation. 

The  results  obtained  with  three  samples  of  ox  blood  are  shown 
by  Fig.  1,  those  with  Witte's  peptone  by  Fig.  2  and  Table  III. 
The  figures  for  total  nitrogen  in  blood  filtrates  were  obtained  aft-er 
the  urea  had  been  removed,  and  therefore  represent  the  non- 
protein, non-urea  nitrogen. 

Amino-Acids  Added  to  Blood.— \  solution  of  mixed  monoamino- 
acids  made  from  the  phosphotungstic  acid  filtrate  from  hydrolyzed 
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casein  was  added  to  blood,  so  that  each  100  cc.  of  ox  blood  con- 
tained an  additional  22  mg.  of  amino  nitrogen.  The  results  of 
this  experiment  arc  shown  in  Table  IV. 

Precipitation  of  Witte's  Peptone  Added  to  Blood.— To  50  cc. 
portions  of  blood  which  had  been  treated  with  urease,  10  cc. 
portions  of  4  per  cent  Witte's  peptone  solution,  in  which  the  pH 
had  been  adjusted  to  7.4  were  added.  The  proteins  were  im- 
mecUatelv  precipitated  by  the  tungstic  acid  and  5  per  cent  trichloro- 
acetic acid  methods.     The  peptone  solution  was  not  permitted 
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Fig.  2.  Results  with  Witte's  peptone. 


to  Stand  in  contact  with  the  urease,  as  the  urease  contains  a  pep- 
tolytic  enzj-me  wluch  rapidly  splits  the  peptone,  and  thereby 
increases  the  amino  nitrogen.  The  results  of  the  experiment, 
shown  in  Table  VI,  indicate  that  the  presence  of  blood  does  not 
affect  the  manner  in  which  these  two  precipitants  act  on  the 
intem^ediate  products  contained  in  Witte's  peptone. 

Hydrohjtic  Effect  of  Boiling  Trichloroacetic  Add  on  Unprecipi- 
tated  Intermediate  Protein  Products.— The  trichloroacetic  acid 
filtrates  are  boiled  to  decompose  the  acid,  wliich  when  heated 
splits  into  CHCI3  and  COj.     As  it  was  uncertain  whether  decom- 
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TABLE  IV. 
Recovery  of  Amino-Acids  Added  lo  Blood. 


Amino  nitrogen  per  100  cc. 

Peptide  nitrogen  per  100  cc. 

Precipitant. 

o 

s 

mg. 

9.15 
9.82 

4 

li 

o  3 

o  a 

B5 
■mg. 

30.89 
30.75 

• 

1 

o 

•3 

< 

mo. 

-3 

o 
o 

a 

mg. 

8.92 
9.83 

O 

t4 

§8 
m 

mg. 

8.71 
10.39 

9.55 

4.20 
7.25 

« 
■6 
S 

> 

"0 
< 

Trichloroacetic  acid,  2.5  per 

mg. 

21.18 
22.64 

mg. 

mg. 

\vGrage       

9.49 

8.48 
8.80 

8.64 

30.82 

32.50 
30.05 

22.00 

9.38 

+0.17 

1.0 

Trichloroacetic  acid,  5  per 
cent                        

22.00 

5.35 
6.16 

31.28 

5.76 

5.73 

-0.03 

1.0 

Trichloroacetic  acid,  10  per 

8.00 
8.08 

28.95 
29.00 

28.98 

20.94 
19.58 

5.09 
4.63 

7.95 
8.10 

8.03 

9.07 
9.51 

Average 

8.04 

8.60 
8.12 

8.36 

22.00 

4.86 

4.20 

4.85 

+3.17 

1.0 

Metaphosphoric  acid 

27.83 
28.04 

27.94 

22.00 

4.53 

9.29 

4.50 
2.95 
3.25 

+4.76 

1.0 

Colloidal  iron 

9.45 
9.54 

S.68 

9.22 

31.35 
31.05 
30.65 

6.81 

10.07 

6.6S 

Average 

31.02 

21. 8C 

22. OC 

7.8J 

3.56 

-4.29 

10 

*  The  figures  in  this  column  are  calculated  as  the  difference  between  the 
average  figures  for  blood  plus  amiuo-acids  and  for  blood  alone. 

The  duplicate  figures  are  from  the  filtrates  of  different  precipitations 
and  themselves  represent  averages  obtained  from  aliquot  parts  of  the  same 
filtrate.  The  differences  in  the  results  from  each  aliquot  were  relatively 
negligible  (see  Table  VII).  Differences  in  this  table  exceeding  0.3  gm.  of 
total  or  of  amino  +  peptide  N,  or  0.2  mg.  of  amino  N,  are  due  to  failure  to 
obtain  exactly  identical  amounts  in  duplicate  filtrates,  not  to  errors  in  the 
final  analyses. 
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TABLE  IV— Concluded. 


Amino  nitrogen  per  100  cc. 

Peptide  nitrogen  per  100  cc. 

Precipitant. 

§ 

6 

a 

B 

u 

81 

S 

o 

> 
o 

1 

13 
V 
-0 
•a 
< 

5 

§ 

S 

u 

n 

13 

> 

< 

Picric  acid 

mg. 

9.23 
9.29 

my. 

30.40 
30.85 

mg. 

mg. 

mg. 

4.27 
5.19 

mg. 

6.34 
6.75 

mg. 

mg. 

Average. .   . 

9.26 

5.44 

5.84 

5.64 

30.63 

21.37 

22.00 

4.73 

6.55 

+1.82 

1  0 

Alcohol 

21.36 
21.85 

1.37 

1.09 
1.58 

-0.03 

Average 

21.61 

15.97 

22.00 

1.34 

1.0 

Tungstic  acid 

9.63 
9.98 

31.22 
31.25 

5.03 
3.52 

4.78 
5.60 

Average 

9.81 

31.24 

21.43 

22.00 

4.28 

5.19 

+0.91 

1.0 

position  occurs  before  the  acid  exerts  an  appreciable  hydrolytic 
effect  on  such  intermediate  products  as  are  in  the  filtrate,  the 
following  experiment  was  performed  in  order  to  test  the  point. 
The  experiment  was  made  with  the  filtrate  from  Witte's  peptone 
rather  than  from  blood,  because  the  intermediate  products  are 
much  more  abundant  in  the  peptone  filtrate. 

25  cc.  portions  of  a  20  per  cent  solution  of  Witte's  peptone  were  precipi- 
tated with  equal  volumes  of  5,  10,  and  20  per  cent  trichloroacetic  acid. 
3  cc.  of  each  filtrate  were  neutralized  with  sodium  hydroxide  and  diluted  to 
a  volume  of  10  cc.  30  cc.  of  each  filtrate  were  boiled  in  an  open  beaker  over 
a  free  flame  for  15  minutes  to  decompose  the  trichloroacetic  acid,  and  were 
then  diluted  to  100  cc. 

The  amino  nitrogen  contents  of  the  solutions  were  determined. 
The  results  as  recorded  in  Table  V  showed  no  measurable  hydrol- 
ysis as  the  result  of  boiling  the  peptone  with  tricliloroacetic  acid 
in  a  concentration  of  2.5  per  cent,  but  did  show  measurable  hydrol- 
ysis by  5  and  10  per  cent  trichloroacetic  acid. 
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Effect  of  Precipitation  Time  on  the  5  Per  Cent  Trichloroacetic 
Acid  Method. — In  order  to  discover  whether  long  standing  after 


TABLE  V. 


Precipitation  of  Blood  Plus  One-Fifth  Its  Volume  of  4  Per  Cent  Witte's 

Peptone. 


Amino  nitrogen. 

Peptide  nitrogen. 

In  filtrate  from 
100  cc.  blood. 

In  filtrate 
of  peptone 
precipitated 
in  absence 
of  blood.* 

In  filtrate  from 
100  cc.  blood. 

Method. 

1 

is 

ire 

+  s 

a 

C 

o 

§ 

n 

mg. 

5.42 
5.30 

5.36 

2ai 

c  a 

3  O 

+! 

a  . 

aa 

2 

In  filtrate 
of  peptone 
precipitated 
in  absence 
of  blood.' 

Trichloroacetic 
acid,  5  per  cent. . 

mg. 

7.23 
7.23 

mg. 

20.33 
20.73 

mg. 

mg. 

mg. 

64.47 
62.97 

mg. 

mg. 

Average 

7.23 

20.53 

13.30 

12.65 

63.72 

58.36 

60.10 

Tungstate,  1  per 
cent 

10.24 
10.38 

16.80 
16.85 

9.69 
7.54 

8.61 

39.40 
38.95 

Average 

10.31 

16.82 

6.51 

6.20 

39.17 

30.56 

31.10 

'  These  figures  are  calculated  from  Table  III. 


TABLE  VI. 

Hydrolylic  Effect  of  Boiling  Filtrate  from  Peptone  Solution  with  2.5,  5,  and 
10  Per  Cent  Trichloroacetic  Acid. 


Concentration 
of  trichloro- 
acetic acid. 

Amino  N  per  gram  of  peptone. 

Filtrate 
not  boiled. 

Filtrate 
boiled  15  minutes; 

Increase. 

per  cent 

m<j. 

mg. 

7no. 

per  cent 

2.5 

13.66 

13.60 

0.00 

0.0 

5.0 

12.53 

13.17 

0.64 

5.1 

10.0 

10.16 

11.45 

1.29 

12.7 

precipitation  with  5  per  cent  triclJoroacetic  acid  altered  the  results, 
the  effect  was  tested  both  on  blood  and  on  Witte's  peptone  solution, 
the  mixtui'es  being  allowed  to  stand  15  minutes  and  24  hours, 
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respectively,  before  filtration.  The  results  are  shown  in  Table 
VII.  A  very  slight  transformation  of  peptide  to  amino  nitrogen 
may  have  occurred  during  the  longer  period,  but  the  change 
hardly  exceeds  the  experimental  error. 

Constancy  of  Restdts  by  the  Trichloroacetic  Acid  Method.— In 
order  to  determine  the  limit  of  constancy  in  this  method,  several 
precipitations  of  the  same  blood  were  made  with  2.5  and  5  per 
cent  trichloroacetic  acid.     The  results  are  shown  in  Table  VIII. 

T.\BI.E  VII. 
Effect  of  Precipitation  Time  loilh  5  Per  Cent  Trichloroacetic  Acid. 


Precipitation 
time. 

N  in  filtrate  from  100  cc. 
solution. 

Amino  N. 

Amino  N  + 
peptide  N. 

Witte's  peptone,  4  per  cent 

it                               iC                 ^       *'               " 

Ox  blood 

krs. 

i 

24 

1 

4 

24 

mg. 

64.8 
64.2 
66.4 
64.5 
7.93 
7.99 
8.15 
8.50 

mg. 

335 
335 
333 
335 
12.54 

ti     If 

12.95 
12.20 

13.18 

DISCUSSION    OF   RESULTS. 

Results  with  Peptone. — From  the  results  with  Witte's  peptone 
it  appears  that  tungstic  acid  and  picric  acid  are  distinguished  by 
the  relative  completeness  w'ith  which  they  precipitate  protein 
intermediate  products,  without  precipitating  amino-acids.  Tri- 
chloroacetic acid  on  the  other  hand,  particularly  in  solutions  more 
dilute  than  5  per  cent,  permitted  nearly  all  of  these  products  to 
pass  into  the  filtrate. 

It  appears,  therefore,  that  trichloroacetic  acid  is  especially 
fitted  for  use  with  solutions  of  partiallj'  digested  proteins  when  it 
is  desired  to  remove  the  proteins,  and  to  regain  in  their  filtrates 
not  onlj^  the  amino-acids,  but  also  a  maximum  proportion  of  the 
intermediate  products  such  as  "albumoses"  and  "peptones." 
Tungstic  and  picric  acids  appear  better  fitted  for  experiments  in 
which  it  is  desired  to  precipitate  the  intermediate  products  as 
completely  as  possible. 


TABLE  VIII. 
Constancy  of  Results  with  Ox  Blood  by  Precipitation  with  2.5  and  5  Per  Cent 
Trichloroacetic  Acid. 


N  in  100  cc.  blood. 

Deviation  from  average 
of  4  filtrates. 

Precipitant. 

• 

z 
3 

mg. 

31.14 
30.75 

30.95 

31.30 
31.58 

31.44 

■z. 

O 

C 

'i 

■< 

mg. 

9.99 

10.09 

10  04 

9.81 
9.81 

9.81 

9.64 
9.56 

9.60 

9.64 

9.72 

+z 

c  a 

.-    ly 

c  ft 

<: 

18.68 
18.46 

18.57 

Z 

O. 

mg. 

Z 

1 

Z 

0 
a 

a 
< 

+z 

<1 

z' 

1 

Trichloroacetic  acid, 
2.5  per  cent 

mo. 

mo. 

mo. 

mg. 

Avpraffe          

8.53 

+0.10 

+0.26 

-0.48 

-0.74 

Trichloroacetic  acid, 

18.94 
19.16 

19.05 

19.50 
19.32 

19.41 

19.16 
19.13 

AvpraETC            

9.24 

+0.59 

+0.03 

±0.00 

-0.03 

Trichloroacetic  acid, 
^  5  Dpr  cent        

30.47 
30.40 

30.44 

9.81 

-0.41 

-0.18 

+0.36 

+0.54 

Trichloroacetic  acid, 
2  5  ner  cent           

30.20 
30.90 

30.55 

30.85 

9.68 
9.78 

19.16 

9.48 

-0.30 

-0.10 

+0.11 

+0.21 

Average  of  4  filtrates  . . . . 

19.05 

15.45 
15.32 

15.39 

9.27 
5.79 

Trichloroacetic  acid, 

26.60 
26.78 

26.69 

9.67 
9.52 

9  60 

-0.74 

+0.08 

+0.48 

+0.40 

Trichloroacetic  acid, 
h  Der  cent             

27.59 
27.59 

9.64 
9.63 

14.27 
14.36 

27.59 

27.48 
27.30 

9.64 

14.32 

4.68 

+0.16 

+0.12 

-0  59 

-0.71 

Trichloroacetic  acid, 
,5  npr  cent             

9.44 
9.33 

14.59 
14.86 

5.34 

27.39 

9.39 

14.73 

-0.04 

-0.13 

-0.18 

-0.05 

Trichloroacetic  acid, 
/)  Der  cent 

27. 8S 
28. 2C 

9.51 
9.3C 

9.44 

9. 5: 

15.25 
15.14 

28.04 

15. 2C 
'14.91 

5.7e 
5.3c 

+0.61 

-O.OS 

+0.2S 

+0.37 

Average  of  4  filtrates  . . . 

27. 4J 

*  The  total  nitrogen  figures  represent  the  total  nitrogen  of  ilie  filtrates 
from  blood  from  which  the  nrea  had  previously  been  removed,  and  repre- 
sent, therefore,  the  non-protein,  non-urea  nitrogen. 
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Alcohol  behaves  toward  Witte's  peptone  like  tungstic  and  picric 
acids,  but  for  reasons  discussed  below,  is  not  a  desirable  precipitant 
for  quantitative  work. 

Metaphosphoric  acid,  colloidal  iron,  and  mercuric  cMoride 
are  intermediate  between  tricliloroacetic  acid  and  tungstic  acid 
in  the  completeness  with  wliich  thej'  precipitate  the  intermediate 
products  of  Witte's  peptone. 

Results  with  Blood.— The  average  figures  obtained  v/ith  the 
different  precipitants  are  given  in  Table  IX. 

All  the  precipitants  used  appear  to  remove  the  blood  proteins 
completely.    The  completeness  of  the  removal  is  indicated  by  the 

TABLE  IX. 

Average  of  Results  Obtained  with  Three  Ox  Bloods. 


Precipitant. 


Tungstic  acid 

Picric  acid 

Metaphosphoric  acid 

2.5  per  cent  trichloroacetic  acid 

Colloidal  iron 

5  per  cent  trichloroacetic  acid. . 
10  per  cent  trichloroacetic  acid. 
Alcohol 


Nitrogen  per  100  cc.  of  blood. 


Total  non- 
protein, 
non-urea  N. 


28.1 

28.3 

28.8 
29.4 
26.7 
26.1 
18.2 


.4.mino  N. 


9.2 
8.3 
7.9 
7.9 
7.8 
7.5 
7.1 
4.9 


Peptide  N. 


mg. 

4.1 
4.6 
3.9 
7.0 

t 
4.9 
4.6 
1.4 


*  Not  determined  because  of  nitrogen  content  of  precipitant, 
t  Not  averaged  because  of  inconsistency  of  results. 

lack  of  high  and  irregular  figures  for  the  total  filtrate  nitrogen, 
and  in  particular  for  the  peptide  nitrogen,  such  as  would  have 
been  obtained  had  even  slight  proportions  of  the  relatively  im- 
mense amounts  of  protein  nitrogen  present  escaped  precipitation. 
Of  the  amino  nitrogen  natuially  present  in  blood,  all  of  the 
precipitants  except  alcohol  permitted  similar  though  not  exactly 
equal  amounts  (8  ±  1  mg.  per  100  cc.)  to  pass  into  the  filtrates. 
In  the  filtrates  from  alcohol  only  about  two-tliirds  as  much  amino 
nitrogen  was  found  as  in  the  filtrates  from  the  precipitants  used  in 
aqueous  solution.  Mixed  monoamino-acids  from  hydrolyzed 
casein  added  to  blood  were  recovered  with  approximate  complete- 
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ness  in  all  the  filtrates  except  those  from  alcohol  and  metaphos- 
phoric  acid  (Table  IV),  from  which  were  recovered  73  and  89 
per  cent,  respectively.  Apparentlj^  when  alcohol  is  used  as  a 
precipitant  of  the  blood,  about  30  per  cent  of  the  free  amino-acids 
present  are  adsorbed  by  the  coagulated  proteins.-  Our  findings 
in  this  respect  agree  with  those  of  Bock  (13). 

From  the  peptide  nitrogen  data  it  is  evident  that,  unlike  Witte's 
peptone,  the  bloods  examined  contained  no  appreciable  amounts 
of  intermediate  products  precipitated  by  picric  and  tungstic 
acid,  but  not  by  5  or  10  per  cent  trichloroacetic  or  metaphosphoric 
acid.  All  five  of  these  precipitants  jaelded  nearly  the  same  pep- 
tide nitrogen.  The  bloods  did,  however,  show  2  to  3  mg.  of 
peptide  nitrogen  per  100  cc.  precipitable  by  the  above  reagents, 
but  not  by  2.5  per  cent  trichloroacetic  acid. 
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-  Van  Slyke  and  Meyer  (10)  recovered  relatively  large  amounts  of 
added  alanine  almost  completely  from  the  alcoholic  filtrate  of  dog's  blood, 
but  with  the  smaller  concentrations  of  the  mixed  amino-acids  normally 
present  the  proportion  adsorbed  is  too  great  to  permit  quantitative  re- 
covery. The  results  obtained  by  ourselves  and  other  authors  indicate, 
however,  that  a  fairly  constant  fraction  of  the  total  amino-acid  nitrogen, 
viz.  about  two-thirds,  is  regained  in  the  alcohol  filtrate,  and  that  this 
fraction  is  sufficiently  constant  to  validate  the  conclusions  drau-n  from 
comparative  results  in  phj'siolbgical  experiments  such  as  those  of  Van 
Slyke  and  Meyer  (10),  Folin  (ll),  and  Zunz  (12). 


THE  DETERMINATION  OF  THE  THREE  DISSOCIATION 
CONSTANTS  OF  CITRIC  ACID. 

By  a.   BAIRD  HASTINGS  and  DONALD  D.  VAN  SLYIvE. 
(From  the  Hospital  of  The  Rockefeller  InstUule  for  Medical  Research.) 

(Received  for  publication,  June  26,  1922.) 

Although  the  first  dissociation  constant  of  citric  acid  has  been 
found  by  conductivity  to  be  8.2  X  10~^  by  Walden/  and  8.0 
X  lO-*  by  Walker-  at  25°,  and  by  pH  determinations  7.9  X  10"* 
by  Enklaar'  at  18°,  the  values  of  the  second  and  third  dissociation 
constants  have  not  been  available.  From  the  data  obtained  by 
the  electrometric  titration  of  citric  acid,  and  from  formulas 
developed  by  Van  Slyke  in  a  pre\'ious  paper,^  we  have  calculated 
the  three  dissociation  constants  of  the  acid. 

The  electrometric  titration  of  0.1  m  citric  acid  with  1.0  n  NaOH 
was  carried  out  in  a  titrating  electrode  vessel  recently  described 
by  Hastings.^  To  check  these  determinations  the  pH  values  of 
citric  acid-sodium  citrate  mixtures,  0.1  m  with  respect  to  the  citrate 
radical,  were  also  determined  in  a  Clark  cell.  These  determina- 
tions were  carried  out  at  20  rt  0.1°.  Table  I  and  Fig.  1  show  the 
results. 

The  calculations  were  performed  in  the  following  waj\  The 
equation  for  the  dissociation  of  a  weak  acid  in  the  presence  of  its 
alkali  salt,  at  pH  ranges  less  than  11,  is  No.  31  of  a  previous 
paper;^  viz., 

^^,  ^  [H+]  (B  +  [H-^]) 
^^      C  -  (B  +  [H+])' 

where  B  is  the  amount  of  alkali  added  to  the  acid  Ha,  C  is  the 
concentration  of  the  acid,  7  the  degree  of  dissociation  of  the  salt 

'  Walden,  P.,  Z.  physik.  Chem.,  1S92,  x,  56S. 
2  Walker,  J.,  J.  Chem.  Hoc,  1892,  Ixi,  70S. 
'  Enklaar,  J.  E.,  Z.  physik.  Chem.,  1912,  Ixxx,  617. 
*  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1922,  lii,  525. 
s  Ha.stings,  A.  B.,  J.  Biol.  Chem.,  1921,  xlvi,  463. 
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TABLE  I. 
Eleclromelric  Tilration  of  Citric  Acid  with  NaOH. 

Respect  to  Citrate. 


Solutions  0.1   M  with 


NaOH 

pH' 

[H+1 

NaOH 

pH 

[H+] 

NaOH 

pH 

[H+] 

molt 

mols 

per  liter 

per  liter 

per  liter 

0.0000 

2  or. 

8.70  X  10-' 

0.1578 

4.46 

3.47  X  10-5 

0.2821 

6.17 

6.76  X  10-' 

0.0197 

2  51 

3.09  X  10-' 

0.1775 

4.69 

2.04  X  10-5 

0.2841 

6  25 

5.62  X  10-' 

0.0395 

2  SS 

1.32  X  10-' 

0.1973 

4.94 

1.15  X  10-5 

0.2861 

6.32 

4.78  X  10-' 

0.0592 

3  14 

7.25  X  10-" 

0.2170 

5.18 

6.61  X  10-5 

0.2880 

6.39 

4.07  X  10-' 

0.0790 

3.42 

3.80  X  10-' 

0.2368 

5.42 

3.80  X  10-5 

0.2900 

6.54 

2.88  X  10-' 

0.0987 

3.07 

2.14  X  lO-" 

0.2564 

5.70 

1.995X  10-5 

0.2920 

6.58 

2.63  X  10-' 

0.1183 

3.98  1.05  X  lO-" 

0.2762 

6.06 

8.71  X  10-' 

0.2939 

6.83 

1.48  X  10-' 

0.1381 

4.20  6.31  X  lO-' 

0.2782 

6.07 

8.51  X  10-' 

0.2959 

7.17 

6.76  X  10-» 

0.2802  6.14|7.25  X  10-' 

*  standard  solution  used  for  determining  potential  of  calomel  cell 
0.1  N  HCl.  pH  assumed  =  1.0S5,  20°.  Gas  chain  consisted  of  Pt  -  Hj 
solution  X  -  saturated  KCl  -  HgClo  -  Hg. 

0.30 


0.28 

0.26 

0.24 

So.22 


S.0.20 


0  0,8 

c 
'"0.16 


^0.14 


0.12 


0.10 


0.08 


0.06 


0.04 


■0.02 


■0.00 


E^j  J/]         I 

,  , , 1 


2j0 


3.0 


4.0 


5.0  6.0 

pM 

Fig.  1. 
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7.0 


8.0 


9.0 
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Ba  into  B+  and  a',  and  K'a   = — -'     In  solutions  where  the  con- 

7 
centra tion  of  Ba  is  small,  7  maj^  be  assumed  to  approach  1.0, 
and  K'a  to  approach  Ka  (tliis  condition  will  be  noted  in  Table  III). 

TABLE  II. 
Calculation  of  Ki  from  the  Formula 
^  [H+](B  +  [H+]) 
'      C  -  (B  +  [H+J) 
without  Correction  for  Bi  and  B3. 

c  =  0.1060 


[H+I 

B 

B  +  (H+1 

C-(B  +  (H+]) 

Ki' 

8.7    X  10-3 

0.0000 

0.0087 

0.0913 

8.3  X  10-* 

3.09  X  10-3 

0.0197 

0  0228 

0  0772 

9.1  X  10-* 

1.32  X  10-3 

0.0395 

0.040S 

0,0.592 

9.1  X  10-* 

7.25  X  10-* 

0.0592 

0  0599 

0.0401 

10.8  X  10-* 

3.80  X  10-* 

0.0790 

0  0794 

0,0206 

14.6  X  10-* 

T.\BLE  III. 
Calculation  of  A',  after  the  Correction  of  Bi  for  B,  and  B3  by  the  Formulas 

and  B3  =- 


B2  = 


[H+]  +  K2 

K2  =  4.1  X  10-3 
K3  =  3.2  X  10-» 
C    =  0.1000 


[H-]  +  K; 


[H+1 

1 
Total  B       B- 

B3 

B, 

B,  +  [H+] 

(B.+  lH  +  l) 

k; 

8.7    X  10-3 
3.09  X  10-3 
1.32  X  10-3 
7.25  X  10-* 
3.80  X  10-* 

0,0000 
0,0197 
0.0395 
0.0592 
0.0790 

0,0000 
0.0013 
0  00.30 
0.0054 
0.0098 

0.0000 
0.0001 
0.0002 
0  0004 
0.0008 

0  0000 
0.0183 
0  0363 
0  0534 
0,0684 

0.0087 
0.0214 
0.0376 
0.0541 
0.06S8 

0.0913 
0.0786 
0.0624 
0.0459 
0.0312 

8.3  X  10-** 

8.4  X  10-* 
7.9  X  10-* 

8.5  X  10-* 
8.3  X  10-* 

*  The  value  for  this  first  figure  is  really  Ki  rather  than  Ki,  since  no  salt 
IS  present. 

Average  K;  =  8.3  X  10-* 
pK,'  =  3.08 

The  values  of  K'l,  Iv'o,  and  K'3  were  estimated  by  successive 
approximations.  (We  shall  refer  to  the  K'a  of  the  most  stronglj' 
dissociated  acid  group  as  K'l,  of  the  middle  one  as  K'2,  and  of  the 
least  dissociated  as  K'3.)     From  the  data  towards  the  most  acid 
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and  least  acid  ends  of  the  titration  curve  (Fig.  1),  first  approximar 

tions  of  the  values  of  K'l  and  K'3,  respectively,  were  made  (Tables 

II  and  IV).     From  the  approximate  values  of  K'l  and  K'3  thus 

obtained  the  amounts  of  base,  Bi  and  B3,  bound  by  the  two  end- 

carboxyls  over  the  middle  part  of  the  ciu've,  were  calculated  by 

K'  C 
Equation  10  of  the  pre\'ious  paper;* 


mi 


B  =- 


The 


[H+]+K' 

Bi  and  B3  values  thus  calculated  were  subtracted  from  the  total 
amount  of  NaOH  added  (B)  to  give  B2.  B2  =  B  -  Bi  -  B3. 
From  the  values  of  B2  thus  obtained  K'2  was  calculated. 

TABLE  IV. 

Calculation  of  iv.,  from  the  Formula 
[H^]  [B] 

^'~    C-B 

without  Correction  for  Bi  and  Bi. 
C   =   0.1000 


[H+] 

B 

C-B 

K's 

2  63  X  10-' 

0,0920 

0.0080 

3.0  X  10-" 

2.88  X  10-' 

0  0900 

0.0100 

2.6  X  10-6 

4  07  X  10-' 

0.0880 

0  0120 

3.0  X  10-6 

4. 78  X  10-' 

0.0861 

0.0139 

3.0  X  10-6 

5.62  X  10-' 

0  0841 

0.01.59 

3.0  X  10-6 

6.76  X  10-' 

0  0821 

0.0179 

3.1  X  10-6 

7.25  X  10-' 

0,0802 

0.0198 

2.9  X  10-6 

8.51  X  10-' 

0.0782 

0  0218 

3,0  X  10-6 

8.71  X  10-' 

0,0762 

0.0238 

2.8  X  10-6 

1.995  X  10-6 

0,0.564 

0.0436 

2.6  X  10-6 

3.80  X  10-6 

0.0368 

0.0632 

2.2  X  10-6 

From  this  value  of  K'2  and  the  above  mentioned  first  approxi- 
mations of  K'2  and  K's,  B2  and  B3  were  estimated,  in  order  to 
calculate  the  exact  Bi,  at  the  acid  end  of  the  curve  by  the  equation 
Bi  =  B  —  B2  —  B3.  From  the  Bi  values  thus  obtained,  a  series 
of  consistent  values  for  K'l  was  obtained  (Table  III). 

The  B3  values  at  the  alkaline  end  of  the  curve  were  then  esti- 
mated as  B3  =  B  —  Bi  —  B2,  the  Bi  and  B2  values  being  obtained 
from  the  K'l  and  K'2  values,  found  as  above  described.  The  B3 
values  thus  obtained  yielded  a  series  of  consistent  values  for 
K'3  (Table  V). 
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TABLE  V. 

Calculation  of  K,  after  the  Correction  of  Bi  for  Bi  and  Bi  by  the  Formulas 

„      k;c       ,  „       k:c 

K'  =  8.3  X  10-* 
Kj  =  4.1  X  10-5 
C    =  0.1000 


[H  +  1 

Total  B 

B, 

B, 

Ba 

C-B 

Ki' 

2.63    X  10-^ 

0.2920 

0  1000 

0  0994 

0  0926 

0.0074 

3.3  X  10-' 

2.88    X  10-' 

0.2900 

0  1000 

0  0993 

0.0907 

0.0093 

2.8  X  10-« 

4.07    X  10-' 

0.28S0 

0.1000 

0.0991 

0.0889 

0.0111 

3.3  X  10-« 

4.78    X  10-' 

0.2861 

0.1000 

0.0990 

0  0871 

0.0129 

3.2  X  10-« 

5.62    X  10-' 

0.2841 

0.1000 

0.0988 

0.0853 

0.0147 

3.3  X  10-« 

6.76    X  10-' 

0  2821 

0  1000 

0  0985 

0,0836 

0.0164 

3.4  X  10-« 

7.25    X  10-' 

0.2802 

0.1000 

0  0983 

0.0S19 

0.0181 

3.3  X  10-8 

8.51     X  10-' 

0.2782 

0.1000 

0  0982 

O.OSOO 

0.0200 

3.4  X  10-« 

8.71    X  10-' 

0.2762 

0.1000 

0  0981 

0.0781 

0.0219 

3.1  X  10-« 

1.995  X  10-s 

0.2564 

0.0998 

0.0954 

0.0612 

0.0388 

3.1  X  10-« 

3.80    X  10-« 

0.2368 

0.0996 

0.0917 

0.0455 

0.0545 

3.2  X  10-« 

Average  KJ  =  3.2  X  10-= 
pK;  =  5.49 


TABLE  VI. 

Calculation  of  K„  from  the  Formula 
„,      '[Hi      [Be] 

R-'  =  ~::. — ;; — 
C-Bj 

where  Bi  is  Calculated  from 

B2  =  B  -  [Bi  +  B3] 

K'l  =  8.3  X  10-< 

K's  =  3.2  X  10-« 

C   =  0.1000 


[H  +  ] 

Total  B 

Bi 

B3 

Bj 

C-Bj 

Ki 

3.80  X  10-< 

0.0790 

0.0686 

0.0008 

0  0096 

0.0904 

4.0  X  10-5 

2.14  X  10-" 

0.0987 

0.0798 

0  0015 

0  0174 

0.0826 

4.5  X  10-5 

1.05  X  10-« 

0.1183 

0.0888 

0,0030 

0  0265 

0.0735 

3.8  X  10-5 

6.31  X  10-s 

0.1381 

0.0930 

0.0048 

0  0403 

0.0597 

4.3  X  10-' 

3.47  X  10-6 

0.157S 

0.0961 

0  0084 

0.0533 

0.0467 

4.1  X  10-5 

2.04  X  10-' 

0  1775 

0  0977 

0.0135 

0.0663 

0.0337 

4.0  X  10-5 

Average  Ks  =  4.1  X  lO"' 
pIC;  =  4.39 
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K'2  was  finally  reestimated  by  using  the  accurate  K'l  and  K'3 
values  to  calculate  the  Bi  and  B3  figures  of  the  equation  B2  =  B  —  Bi 
—  B3.  The  B2  values  thus  obtained  yielded  a  series  of  consistent 
values  for  K'2  (Table  VI). 


TABLE  VII. 


Calculation  of  A'j  from  the  Buffer  Value  02- 
pk;   =  3.08 
pKs  =  5.49 


pU 


3.69 
3.95 

3.82 
4.08 

3.95 


4.08 
4.35 

4.22 
4.48 

4.35 
4.59 

4.48 
4.72 

4.59 

4.84 

4.72 
4.97 


ApH 


0.26 


0.26 


0.27 


0.27 


0.26 


0.24 


0.24 


0.25 


0.25 


Mean 
pH 


3.82 


3.95 


4.09 


4.22 


4.35 


4.47 


4.60 


4.72 


4.85 


AB 


0.02 


0.02 


0.02 


0.02 


0.02 


0.02 


0.0; 


0.02 


0.02 


AB 
ApH 


0.0770 


0.0770 


0.0741 


0.0741 


0.0770 


0.0S34 


0.0834 


0.0800 


0.0800 


pH- 
pK, 


0.74 


0.87 


1.01 


1.14 


1.27 


1.39 


1.52 


1.64 


1.77 


pKj 


-1.67 


-1.54 


-1.40 


-1.27 


-1.14 


-lO: 


-0.89 


-0.77 


-0.64 


0.0301 


0.0241 


0.0190 


0.0146 


0.011: 


0.0086 


0.0063 


0.0052 


0.0037 


0.0046 


0.0423 


0.0063 


0.0083 


0.0112 


0.0147 


0.0184 


0.0233 


0.0288 


0.0345 


0.0466 


0.0468 


0.0483 


0.0511 


0.0564 


0.0538 


0.0460 


0.0415 


pH- 
pKj 


-0.49 


-0.40 


-0.39 


-0.37 


-0.30 


-fO.lO 


-1-0.23 


-fo.4'.; 


pKj 


4.31 


4.35 


4.48 


4.59 


4.65 


4.37 


4.37 


4.30 


+0.51    4.34 


K'2  was  also  calculated  from  the  buffer  value 


dB. 
dpH 


The  total 


buffer  value  of  the  solution  at  any  pH  may  be  expressed  as  /3 
=  i3i  +  ft  +  ft-     |S  may  be  evaluated  from  the  titration  curve 
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by  calculating 


AB 


ApH 
K's  by  Equation  35;  viz., 


.    /3i  and  /Ss  may  be  calculated*  from  K'l  and 


0 


_/   K'C[H^] 


+  [H+]  +  [OH 


■') 


the  [OH']  being  negligible  in  the  present  case.     They  may  also 
be  estimated  graphically  by  means  of  Fig.  9  of  the  previous  paper.4 


0.09 


Oj08 


Q.07 


<5.0.06 


3 

-a 

> 


0.05 


3  0.04 


m 


0.03 


0.02 


0.01 


0.00 


/ 

^ 

TotaJ 

ft— 

/ 

\ 

\ 

/ 

^    " 

^^ 

\ 

// 

A 

^f 

^ 

f/' 

\ 

/ 

\ 

1 

\ 

1 

\ 

\ 

^/ 

1 

\ 

\ 

/ 

/ 

\ 

\ 

\ 

/ 

V 

\ 

V 



^ 

/ 

/  "- 

V. 

\ 

^^ 

^ 

V. 

5 
Fio.  2. 


/32  is  then  obtained  by  difference,  and  K'a  calculated  either  from 
Equation  22, 


k;  =  [H+] 


C  -  0.8686  /3„  ±  \/ (0.8686  ^m  -  C)'  -  0.756  <3m  ' 


0.S686  (3a 


or  graphically,  as  described  in  the  previous  paper,  from  Fig.  9. 
That  value  of  K'2  is  the  correct  one  which  is  identical  with  the 
[H+]  when  /3„  =  0.575. 

«  The  equ.ation  numbers  used  in  the  present  paper  refer  to  the  numbered 
equations  in  a  former  paper.'' 
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Values  of  pKo  obtained  by  this  method  are  given  in  Table  VII. 
The  value  at  that  point  where  02  most  nearly  approaches  its 
maximum  of  0.0564,  is  pK'  =  4.37.  Other  values  range  from  4.30 
to  4.65.  The  agreement  with  the  first  method  of  calculation  is, 
we  beUeve,  sufficiently  good. 

The  value  of  the  buffer  effect  of  0.1  m  citrate,  estimated  from 
the  above  three  pK'  values  by  graphic  summation  (as  in^  Fig.  8) 
are  given  in  Fig.  2. 

SUMMARY. 

The  methods  for  the  calculation  of  the  dissociation  constants 
of  weak  polybasic  acids  recently  outlined''  have  been  apphed  to 
citric  acid.  The  values  of  the  three  constants  have  been  found  to 
be  K'l  =  8.3  X  10-^  K'a  =  4.1  x  10"=,  and  K^  =  3.2  x  lO"*. 
The  corresponding  pK'  values  are  3.08, 4.39,  and  5.49,  respectively. 
The  value  of  K'l  agrees  approximately  with  that  of  Ki  found  by 
other  authors.  '■  -■  ^  The  values  of  K'2  and  K'3,  because  of  the 
overlapping  efTects  of  the  carboxyl  groups,  have  not  been  accessible 
by  previous  methods  of  calculation. 
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(Received  for  publication,  June  26,  1922.) 

There  has  been  disagreement  in  the  literature  concerning  the 
effect  of  ether  anesthesia  on  the  acid-base  balance.  Menten 
and  Crile  (1915)  reported  a  fall  in  the  blood  pH  in  rabbits.  Cald- 
well and  Cleveland  (1917)  found  a  consistent  fall  in  the  plasma  bi- 
carbonate as  the  result  of  ether  anesthesia  in  patients.  Carter 
(1920)  found  a  similar  fall  in  etherized  dogs.  If  observations 
by  Caldwell  and  Cleveland  and  Carter  on  blood  bicarbonate 
could  be  linked  with  Menten  and  Crile's  pH  determinations  on 
rabbits,  the  combined  data,  indicating  lowered  [BHCO3]  and 
lowered  pH,  respectively,  could  indicate  nothing  but  an  uncom- 
pensated alkali  deficit. 

However,  Y.  Henderson  and  Haggard  (1918)  in  experiments 
on  dogs  showed  that  the  blood  alkali  reserve,  as  measured  by  the 
CO2  capacity,  could  be  lowered  by  experimental  hyperventila- 
tion. The  latter  lowers  the  free  H2CO3  of  the  blood,  with  the 
result  that  as  shown  by  Milroy  (1914),  an  increased  pH  results. 
The  results  of  Henderson  and  Haggai'd  indicated  that  as  a  second- 
ary effect  there  may  also  be  a  shift  of  alkali  from  blood  to  tissues, 
or  of  acid  in  the  reverse  direction.  Such  an  effect  could  be  ex- 
plained as  an  attempt  to  lessen  the  increased  pH  resulting  from 
abnormal  lowering  of  H2CO,,.  The  result  of  such  a  condition 
is  indeed  a  lowered  bicarbonate,  but,  it  is  primarily  due  to  H2CO3 
deficit,  or  CO2  alkalosis  (exemplified  by  Areas  2  and  3  of  Fig.  1, 
Van  Slyke,  1921,  6),  rather  than  to  alkali  deficit  resulting  from 
entrance  of  non- volatile  acids  (exemplified  by  Areas  6  and  9). 
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Hasselbalch  and  Lundsgaard  (1912)  had  showed  that  merely 
tjang  rabbits  down  may  result  in  a  gradual  fall  in  blood  pH; 
so  there  appeared  to  be  some  reason  for  being  uncertain  that 
Menten  and  Crile's  observed  fall  in  blood  pH  was  due  to  etheriza- 
tion. Henderson  and  Haggard  reported  no  pH  determinations, 
but  their  results  with  ether  seemed  most  readily  interpreted  by 
the  CO2  deficit  explanation. 

It  appeared  that  a  decision  between  the  two  diametrically 
opposed  interpretations  of  the  observed  fall  in  blood  [BHCO3] 
could  be  reached  only  by  observations  in  which  both  [BHCO3] 
and  pH  were  determined.  In  a  preliminary  report  (1920)  the 
present  authors  showed  that  the  pH  falls  (in  agreement  with 
Crile  and  Menten)  whenever  it  undergoes  any  change  during 
ether  anesthesia.     Fall  in  bicarbonate  was  consistently  observed. 

Since  the  appearance  of  the  above  report  ColKp  (1920),  experi- 
menting with  etherized  dogs,  calculated  the  blood  pH  from  the 
CO2  tension  of  the  alveolar  air  and  the  CO2  content  of  the  blood. 
He  found  this  method  not  entirely  satisfactory,  but  indicative 
of  a  fall  in  blood  pH.  Recently  Atkinson  and  Ets  (1922)  have 
again  determined  both  COo  content  and  pH  (the  latter  by  the 
Dale  and  Evans  colorimetric  dialysis  method)  in  the  blood  of 
etherized  dogs,  and  have  found  a  fall  in  both,  with  recovery  after 
discontinuance  of  anesthesia. 

In  the  present  paper  we  report  the  results  of  six  representative 
experiments.  The  pH  changes  in  some  cases  were  determined 
electrometrically,  in  others  colorimetrically,  and  in  others  by 
calculation  from  the  [BHCO3]  :  [H2CO3]  ratio  obtained  by  equili- 
bration with  known  CO2  tensions.  The  bicarbonate  was  deter- 
mined both  gasometrically  and  by  titration. 

The  depth  and  time  of  anesthesia  have  been  varied.  The  re- 
sults concerning  the  acid-base  change  have  been  consistent,  and 
we  have  consequently  felt  justified  in  reporting  in  detail  only  a 
sufficient  number  of  experiments  to  indicate  fairly  the  nature  of 
the  data  obtained. 

Methods. 

Ani7nals.— Large  dogs  (10  to  15  kilos)  were  used  so  that  large 
samples  of  blood  (25  to  50  cc.)  might  be  taken.  The  dogs  were 
fed  as  usual  the  day  preceding  the  experiment  but  received  no 
food  on  the  day  of  the  experiment. 
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Bleeding. — The  blood  was  drawn  from  the  left  ventricle  (un- 
less stated  otherwise)  through  a  4  inch,  16  gauge  lumbar  puncture 
needle  into  a  tube  under  oil.  Wlien  oxalated  blood  was  desired 
the  tube  was  previously  coated  with  neutral  potassium  oxalate  to 
make  0.3  per  cent.  If  defibrinated  blood  was  wanted ,  the  blood 
was  defibrinated  under  oil  by  gentle  stirring.  Since  it  is  usually 
impossible  to  avoid  some  hemolysis  in  oxalated  plasma  of  dog's 
blood,  it  was  decided  in  the  later  experiments  to  utilize  the  true 
serum  of  the  blood  as  drawn,  allowing  coagulation  to  occur  sponta- 
neously while  centrifuging. 

In  centrifuging  for  true  plasma  or  true  serum  the  blood  was 
drawn  chrectl.y  into  a  centrifuge  tube  of  the  proper  size,  containing 
mineral  oil.  The  glass  delivery  tube  was  withdrawn  as  the  blood 
ran  in,  so  that  the  tube  was  completely  filled  with  the  blood  except 
for  a  layer  of  pai-affin  oil  about  1  cm.  deep.  A  1-hole  rubber 
stopper  was  inserted,  with  complete  expulsion  of  the  oil.  The 
hole  was  closed  with  a  glass  plug  and  the  tube  centrifuged  at 
once.  After  centrifuging,  the  glass  plug  was  removed,  and  from 
a  pipette  oil  was  allowed  to  flow  through  the  hole  in  the  stopper 
as  the  stopper  was  removed.  It  is  shown  elsewhere  that  such 
precautions  are  necessary  to  prevent  loss  of  CO2  during  centrifuga- 
tion.  The  plasma  or  serum  was  then  transferred  without  loss  of 
CO2  to  Haldane  sampling  tubes  over  mercury  or  to  tubes  under 
oil. 

Anesthesia.- — The  animal  was  anesthetized  in  all  cases  by  the 
drop  method  with  a  few  laj'ers  of  gauze.  This  method  was  con- 
tinued throughout  the  anesthesia  unless  otherwise  stated. 

Ventilation  Rate. — Ventilation  rate  was  measured  in  the  con- 
trol periods  and  during  the  early  part  of  anesthesia  by  the  use  of 
a  closelj'  fitting,  well  greased  rubber  mask  that  fitted  and  en- 
closed the  entire  muzzle  of  the  dog.  A  Y-tube  close  to  the  mask 
led  to  two  1  inch  aluminum  Siebe  Gorman  valves.  The  expired 
air  was  collected  and  measm-ed  in  a  65  liter  spirometer. 

After  the  animal  was  anesthetized  a  cannula  was  tied  in  the 
trachea  and  connected  to  the  Y-tube  and  valves.  The  intake  of 
air  was  through  a  vessel  containing  gauze  onto  which  ether  could 
be  dropped  to  maintain  the  anesthesia. 

Equilibration  of  Blood  or  Serum  with  CO2. — The  blood  was  in- 
troduced into  a  partially  evacuated  tonometer  which  contained 
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the  required  amount  of  CO2  and  had  an  oxygen  tension  approxi- 
mately atmospheric  at  38°.  The  tonometer  was  then  rotated 
in  a  water  bath  at  38°  until  equilibration  was  complete.  The 
equihbration  was  either  repeated  or  the  CO2  tensions  corrected 
for  the  CO2  taken  up  or  given  off  by  the  blood.  The  blood  was 
then  transferred,  with  precautions  to  prevent  loss  of  CO2,  to 
Haldane  sampling  tubes  over  mercury,  or,  under  oil,  to  centrifuge 
tubes.  The  ccntrifuging  was  carried  out  with  the  precautions 
described  above. 

Hydrogen  Ion  C oncenlration  Measurements. — Eledrometnc. — ■ 
These  determinations  were  made  at  20°  on  whole  blood  with  the 
Clark  cell  using  Hasselbalch's  refilling  technique.  Although  the 
determinations  were  made  with  the  cells  present,  Parsons  (1919- 
20)  has  shown  that  the  pH  determined  is  that  of  the  plasma. 

Colorimetric- — The  colorimetric  pH  measurements  were  made 
at  room  temperature  with  phenol  red  in  the  diluted  plasma  or 
serum  by  the  method  recently  described  by  Cullen  (1922).  The 
correction  used  was  —  0.34,  to  reduce  pH  colorimetrically  deter- 
mined at  20°  to  that  electrometrieally  found  at  38°.  This  correc- 
tion may  subsequently  be  altered,  but  such  alteration  would  not 
affect  the  pH  changes  observed. 

Analytical  Methods. — The  carbon  dioxide  determinations  were 
made  usually  in  duplicate  on  1  cc.  samples  by  Van  Slyke's  method 
with  either  the  fine  bore  constant  pressure  apparatus  (Van  Slyke 
and  Stadie,  1921),  or  the  constant  volume  apparatus  (Van  Slyke, 
1921,  a).  In  Experiment  5,  in  addition  to  the  gasometric  de- 
termination of  the  total  CO2  content,  the  BHCO3  was  determined 
directly  by  the  titration  method  (Van  Slyke,  1922,  b). 

Calculation. 

In  discussion  of  the  calculations  wo  shall  use  the  following 
abbreviations:  mM.  for  millimolar;  [CO2],  [BHCO3],  [H2CO3] 
for  mM.  concentration  of  CO2,  BHCO3,  and  H2CO3,  respectively; 
PCO2  ^^^  CO2  tension  in  millimeters  of  mercury. 

In  these  experiments  we  have  obtained  by  analysis  two  or  more 
of  the  following  data:  [CO2]  of  the  blood,  plasma,  or  serum,  as 
drawn  from  the  left  ventricle  or  femoral  artery;  [CO2]  of  the 
oxygenated  blood,  true  plasma,  or  serum  after  equilibration 
of   the   blood   at  38°  in  tonometers   at   known  p^Q  ;    the    pH 


Van  Slyke,  Austin,  and  CuUen  281 

determined  electrometrically  or  colorimetrically  on  the  plasma 
or  serum  as  drawn,  or  upon  the  true  plasma  or  serum  after  equili- 
bration at  known  Pqo2-  ^^'"  Pt'oWem  has  been  to  determine 
from  these  data  the  changes  that  have  occurred,  in  vivo,  in  the 
alkaline  reserve,  CO2  tension,  and  pH  of  the  blood. 

In  Experiments  1  to  3  we  have  data  on  the  [CO2]  of  blood,  or 
the  plasma  of  blood,  equilibrated  at  various  CO2  tensions,  and  the 
[CO2]  of  the  arterial  blood,  plasma,  or  serum,  as  drawn.  From 
the  [CO2]  and  PQ02  values  determined  in  the  equilibrated  blood 
or  its  true  serum,  we  have  estimated  the  pH  values  of  the  blood 
plasma,  and  plotted  them  as  abscissae  against  the  [CO2]  values 
as  ordinates.  The  resulting  cm-ves  are  ahiiost  exactly  straight 
lines.'  By  interpolating  the  [CO2]  values  observed  in  the  blood 
as  drawn  on  these  lines  we  have  determined  the  pH  of  the  blood 
as  drawn.  From  the  pH  thus  interpolated  and  the  [CO2],  the 
PQO2  2.nd  [BHCO3]  were  calculated. 

In  constructing  our  [CO2],  pH  curves  we  have  in  each  case 
drawn  the  mean  straight  line  through  the  points  determined  on 
the  equilibrated  bloods.  It  appears  that  such  a  line  compensates 
for  errors  in  individual  determinations  and  is  a  more  accurate 
representation  of  the  correct  [CO2],  pH  curves  than  a  broken  line 
drawn  through  the  individual  points.  The  pH  values  corrected 
by  means  of  the  straight  line  graphs  thus  drawn  are  indicated  in 
the  tables  as  "Rectified  pH"  points.     It  will  be  noted  that  the 

1  The  fact  that  when  blood  pH  is  plotted  against  [CO2]  straight  line 
curves  are  obtained  over  the  physiological  range  of  CO2  tensions  was  first 
noted  by  Lewis,  Cotton,  Barcroft,  Milroy,  Duften,  and  Parsons  (1916). 
McLean,  Murray,  and  Henderson  (1920)  found  straight  line  curves  also 
when  they  plotted  pH  values  against  [BHCO3I.  The  approximately  linear 
character  of  these  curves  is  attributable  to  the,  as  one  might  say,  accidental 
fact,  that  the  COOH  groups  of  hemoglobin  are  so  arranged  that  the  buffer 
value  (Van  Slyke,  1922,  a)  of  blood  over  the  physiological  pH  range  is 
practically  constant. 

Both  curves  cannot  be  exactly  linear,  for  the  [H.CO]]  area  which  sepa- 
rates [COj]  from  [BHCO3]  is  curved.  However,  this  area  above  pH  7  is 
relatively  narrow,  so  that  it  does  not  prevent  both  the  [CO2]  and  [BHCOj] 
curves  from  approximating  the  linear  form.  Which  of  the  two  does  so 
most  closely  is  at  present  uncertain,  since  both  appear,  over  the  range 
pH  7  to  7.8  to  vary  from  straight  lines  by  no  more  than  the  experimental 
errors  heretofore  connected  with  pH  and  (COi)  measurements. 
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rectifications  fall  within  the  limit  of  0.02  pH,  which  may  be  taken 
as  the  limit  of  experimental  error. 

Theealculationsof  pH  from  [CO.]  and  pco,  values  obtained  from  equili- 
bration data,  and  of  pcoj  and  (BHCO3I  from  the  determined  [CO2I  in  the 
blood  as  drawn  and  the  pH  found  by  graphic  interpolation,  were  performed 

[BHCO3I 
by  means  of  Hasselbalch's  (1917)  equation,  pH  =  pK'  +  log         ^^^^- 

For  the  above  respective  calculations  the  equation  was  rearranged  into  the 
following  forms  by  steps  given  in  another  place  (Austin,  Cullen,  Hastings, 
McLean,  Peters,  and  Van  Slyke,  1922). 

[CO.]  -  0.0300  pco2 

For  whole  blood,  pH  =  6.20  +  log  , 

0.0300  pcoj 

1  Irn  1  IQP^  ~  ^■'^'' 

'--  =  ^0  X  lOPH-^^l  +  l-  f^«^°''  =  '^^^^  ^  10PH-e..o^,- 

[COJ  -  0.0318  pco2 

For  plasma,  pH  =  6.10  +  log > 

0.0308  PC02 

1  fro  1  lop^  ~  ^■"' 

Pco,  =  — ^  X    „JTi — .  [BHCO3]  =  [co,l  X 


0.0318  ^  lOPH  -  «•'»  +  1'  '  "  "         -   "  lOPH  -6.10  +  1- 

The  values  of  pK',  6.10  for  plasma  and  6.20  for  whole  blood,  are  the 
averages  determined  on  a  number  of  dog  bloods.  They  may  later  be 
corrected  in  the  second  decimal  places  but  such  correction  would  not 
significantly  affect  the  changes  in  pH,  pco,  and  (BHCO3]  calculated  in 
our  experiments. 

q:C02       Pcoj 

In  terms  of  millimolar  concentration,  [H2CO3]  =   — tt '     This 

0.0224  X  760 

value  is  0.0300  pco,  when  aco.,  (the  solubility  coefficient  of  CO2)  is  0.511,  as 
in  whole  blood  (Bohr,  190.5),  while  it  is  0.0318  pco.  when  aco,  is  0.541,  as  in 
serum . 

Changes  in  alkali  reserve  have  been  measured  as  changes  in 
the  bicarbonate  content  of  the  blood  estimated  at  a  given  pH; 
viz.,  the  pH  observed  before  ether  was  administered.  This  pH 
was  interpolated  on  the  pH,  [CO2]  graph  obtained  after  ether, 
and  the  [BHCO3]  was  calculated  for  the  point  thus  located.  At 
constant  pH,  the  change  in  blood  [BHCO3]  expresses  directly  the 
change  in  the  excess  of  total  base  over  acids  other  than  H2CO3 
(Van  Slyke,  1921,  b,  p.  169),  and  because  of  this  advantage  in 
definiteness  of  interpretation,  we  have  chosen  to  measure  bicar- 
bonate changes  at  a  given  pH  rather  than  at  a  given  PC02. 
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The  mode  of  calculation  above  outlined,  and  used  in  Experi- 
ments 1,  2,  and  3,  is  illustrated  by  Fig.  1,  by  data  from  Experi- 
ment 3. 

In  Experiments  4,  5,  and  6  the  data  directly  determined  have 
been  the  pH  and  the  [CO2]  of  the  blood  as  drawn.  From  these 
the  [BHCO3]  and  P^q^  have  been  calculated  by  the  equations 

previously  given. 
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Fig.  1. 

Extrapolation  of  the  [BHCO3]  value  of  the  bloods  drawn  after 
etherization  to  the  values  which  those  bloods  would  have  under 
CO2  tension  such  as  would  restore  pH  to  its  initial  value,  was 
necessary  in  order  to  measure  the  alkali  reserve  change  at  con- 
stant pH.  For  constructing  the  pH,  [BHCO3]  lines  necessary 
for  the  extrapolation  in  these  experuncnts,  there  were  available 
no  graphs  experimentally  determined  from  equilibration  data,  since 
data  on  each  blood  were  determined  only  at  one  point,  with  CO2 
tension  as  it  existed  when  the  Ijlood  was  drawn.     We  have  ac- 
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cordingly  constructed  two  graphs  in  each  case,  usmg  the  two  ex- 

,.    .       ^    ,     d[BHC03] 
treme  hmits  of  the       ~r—rz        slope  as  determined  in  a  number 

of  dog  bloods  from  experiments  of  our  own  and  from  experiments 

•       ,1-  r^,         ,.  dlBHCOs] 

in  the  literature.     These  limits  are  — ttt —    =   —20  to  —28, 

dpH  ' 

[B'HCOs]   being  expressed  in  millimol  units.     The  two  sets  of 

alkali   reserve   changes  estimated   by  extrapolation   with   these 

two  slopes  are  indicated,  for  Experiments  4,  5,  and  6,  in  Fig.  2 

by  two  lines,  with  a  shaded  area  between  them.     The  width  of 

this  area  indicates  the  maximum  error  introduced  by  this  method 

of  extrapolation. 

In  Fig.  2  we  have  plotted  the  results  as  changes  in  alkaline 
reserve,  CO2  tension,  pH,  and  ventilation  rate  from  the  initial 
values  determined  before  anesthesia. 

In  our  tables  we  have  given  the  absolute  values  of  our  data. 

Experiments  and  Results. 

The  details  of  the  six  experiments  are  shown  in  the  protocols 
and  tables  and  the  results  are  given  graphically  in  Fig.  2.  In 
Experiments  1  and  2  the  anesthesia  was  as  deep  as  possible.  In 
Experiments  3  and  4  it  was  as  light  as  possible,  the  animal  making 
spontaneous  movements  from  time  to  time.  In  Experiments  5 
and  6  the  animals  were  given  an  uneven  anesthesia,  being  at 
times  deeply  under  and  at  times  almost  out  of  ether  but  with  the 
anesthesia  becoming  more  evenly  settled  at  about  the  middle  of 
the  second  stage  as  the  experiment  progressed. 

In  Experiments  1  to  4  no  special  precaution  was  taken  to  pre- 
vent fall  in  body  temperature  and  as  indicated  in  the  protocol 
of  Experiment  4  some  cooling  occurred.  In  Experiments  5  and  6 
fall  in  temperature  was  prevented  by  covering  the  animal  with  a 
blanket  throughout  the  experiment.  The  results,  however,  were 
substantially  the  same. 

Ventilation  rate  was  studied  only  in  the  last  two  experiments. 
There  is  continual  fluctuation  in  the  ventilation  rate  but  in  both 
of  these  experiments  there  is  a  tendency  to  its  progressive  increase 
in  spite  of  the  fact  that  in  the  latter  part  of  the  experiment  the 
animals  were  held  in  the  middle  of  the  second  stage  of  anesthesia. 
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SUMMARY. 

In  all  the  experiments  it  will  be  seen  that  the  pH  of  the  blood 
fell  either  at  once  or  in  a  short  time  after  the  anesthesia  was 
begun,  and  in  the  last  three  experiments  it  will  be  seen  that 
although  the  pH  remains  low  or  continues  to  faU,  the  alkaline 
reserve  also  continues  to  fall.  In  no  case  was  any  rise  of  pH  aboye 
the  initial  value  observed.  In  all  but  one  of  the  experiments  the 
CO2  tension  was  increased. 

The  evidence  indicates  that  these  changes  do  not  occur  as  a 
compensatorj'  mechanism  to  balance  an  acapnia.  A  true  acidosis 
occurs  with  increase  of  the  hydrogen  ion  concentration  of  the 
blood  and  fall  of  the  alkaUne  reserve,  due  either  to  introduction 
of  acid  into  the  blood  or  to  withdrawal  of  base  from  it. 


Experiment  1. 

Young  male.  10.12  a.m.  first  bleeding,  left  ventricle;  2.15  p.m.  ether 
started,  drop  method,  deep  anesthesia;  3.15  p.m.  second  bleeding,  left 
ventricle. 

Blood  Equilibrated  at  38°  (Defibrinatcd) . 


Time  drawn. 

CO2  tension. 

Total  ICO:]. 

pH 

Sample. 

Calculated. 

Rectified 
by  graph. 

1 
2 

Before  ether. 

After  60  minutes 
deep  etheriza- 
tion. 

mm. 

18.7 
37.4 
56.2 
74.9 

56.2 
74.8 

mM. 

10.9 
15.2 
18.8 
20.9 

14.2 
16.0 

7.465 
7.300 
7.206 
7.118 

7.069 
6.990 

7.465 
7.315 
7.193 
7.118 

7.063* 
7.002* 

'  Graph  drawn  parallel  to  that  of  blood  before  ether. 
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Blood  as  Drawn. 
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Time  drawn. 

Determined. 

Calculated. 

Sam- 
ple. 

Total 
1C0.1. 

Oi  con- 
tent. 

0:  ca- 
pacity. 

Total 
(C0,1 
oxygen- 
ated at 
same 
pH.' 

pHby 
interpo- 
lation 
of  CO2. 

CO, 
tension. 

[BHCOsl 

As 
drawn. 

At  ini- 
tial pH. 

1 
2 

Before  ether. 
After  ether. 

mM. 

16.4 
15.9 

mM. 

9.70 
8.55 

mM. 
10.15 

11.17 

mM. 

16.2 
14.5 

7.27 
7.05 

mm. 
42 

60 

mM. 
14.9 

12.7 

mM. 
14.9 

9.2t 

*dCO, 


dO. 


=  0.52  at  constant  pH  (unpublished  data) . 


t  From  extrapolated  CO2  (see  Fig.  1). 

Experiment  2. 
Young  male  (same  as  Experiment  1).    9.25  a.m.  first  bleeding,  left  ventri- 
cle;9.49a.m.  ether  started,  drop  method,  deep  anesthesia;  10.51a.m.  sec- 
ond bleeding,  left  ventricle. 

True  Plasma  from  Oxalated  Blood  Equilibrated  at  38°. 


Time  drawn. 

CO;  tension. 

Total  [CO2I. 

pH 

Sample. 

Calculated. 

Rectified 
by  graph 

1 
2 

Before  ether. 

After  62  minutes 
deep  ether. 

mm. 

40 
60 

20 
70 

mM. 
18.2 
21.5 

9.8 
18.5 

7.224 
7.112 

7.2.57 
6.%0 

7.224 
7.112 

7.257 
6.960 

True  Plasma  (Oxalated)  as  Drawn. 


Time  drawn. 

Total 
[C0,1. 

Calculated. 

Sample. 

pH  by  in- 
terpolation 
of  ICO.]. 

CO. 

tension. 

[BHCOj] 

As  drawn. 

At  initial 
pH. 

1 
2 

Before  ether. 

After  62  minutes 
deep  ether. 

mM. 

IS. 2 
17.2 

7.22 
7.00 

mm. 

40 
59 

VIM. 
16.9 

15.3 

mM. 

16.9 
10.0* 

■  From  interpolated  [COj]. 
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Experiment  3. 
Young  male  (same  as  Experiments  1  and  2).  10.45  a.m.  first  bleeding,  left 
ventricle;  11.55  a.m.  ether  started,  lightest  possible  anesthesia,  drop 
method;  12.25  to  12.37  p.m.  breathing  very  violently;  12.37  to  1.00  p.m. 
anesthesia  very  light,  regular  deep  breathing,  33  per  minute;  1.00  p.m. 
second  bleeding,   left  ventricle. 

Oxalaied  Blood  Equilibrated  at  38°. 


pH 

Sample. 

Time  drawn. 

Calculated. 

Rectified 
by  graph. 

mm. 

m.\t. 

1 

Before  ether. 

21.8 

15.1 

7.545 

7.550 

50.8 

21.0 

7.305 

7.230 

72.5 

23. -1 

7.190 

7.195 

2 

After  65  minutes 

21. -1 

10.0 

7.367 

7.360 

light  ether. 

50.8 

15.6 

7.165 

7.180 

72.5 

18.9 

7.086 

7.070 

Blood  as  Draim  (Oxalated). 


Time  drawn. 

Total 
ICO-l. 

pH  by  in- 
terpolation. 

Calculated. 

Sample. 

CO2 
tension. 

[BHCOsl 

As  drawn. 

At  initial 
pH. 

1 

2 

Before  ether. 

After  65  minutes 
light  ether. 

mM. 
18.6 

18.9 

7.40 
7.07 

mm. 

41 
75 

OT.1/. 

17.7 
17.1 

mM. 

17.7 
8.3* 

*  From  [COs]  interpolated  at  pH  7.40. 
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Experimeyil  4- 
Young  male.  1.10  p.m.  first  bleeding,  left  ventricle;  1.2S  p.m.  ether 
started,  drop  method,  light  anesthesia;  1.55  p.m.  second  bleeding,  right 
femoral  artery;  2.18  p.m.  third  bleeding,  right  femoral  artery;  2.42  p.m. 
fourth  bleeding,  left  femoral  artery.  Rectal  temperature:  initial  and 
maximum  39.9;  final  and  minimum  37.3. 

Tnie  Serum  as  Drawn  (Spontaneous  Coagulalion) . 


Time  drawn. 

Determined. 

Calculated. 

c 
.2 

6 

o 

a: 

a 

s 
s 

to 

i 

"a 

"S. 

% 
§ 

O 

6 

c 
o 

1 

6 
o 

E 
o 

So 

09    b^ 

5i 
a 

IBHCO3I  at  initial 
pH. 

Sam- 
ple. 

Cs 

i 

8 

£ 
•0 

-0 

I 

a 
13 

1 

1 

1 
2 

3 

4 

Before  ether. 

After  27  minutes 
light  ether. 

After  50  minutes 
light  ether. 

After  74  minutes 
light  ether. 

mM. 

21.5 
12.8 

12.8 

12.6 

mM. 

23.0 
16.8 

13.8 

13.5 

7.29 
7.29 

7.23 

7.07 

mm. 

54 
40 

37 

51 

mM. 
21.7 

15.9 
12.9 
12.3 

mM. 
21.6 

16.0 

11.7 

6.3 

mAf. 
21.6 

16.0 

11.2 

6.3 
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Experiment  5. 
Young  male.  10.02  a.m.  first  bleeding,  left  ventricle;  10.10  a.m.  ether 
started,  drop  method;  10.27  a.m.  cannula  in  trachea,  anesthesia  kept  in 
middle  of  second  stage;  11.00  a.m.  second  bleeding,  left  femoral  artery; 
11.47  a.m.  third  bleeding,  right  femoral  artery.  Rectal  temperature: 
initial  38.2°;  final  38.3°;  maximum  38.6°;  minimum  38. 2 °C. 


Calculated  foi 

whole  blood. 

[BHCOs]  at 
initial  pH. 

Time  drawn. 

Total 

[CO2I 

oxalated 
blood  as 
drawn. 

Colori- 

metric 

pH. 

True 

serum  as 

drawn. 

c 
.2 

c 

6 

t 

13 

8 

Sample. 

0 

1 
II 

K  0. 

OQ 

1 
II 

8« 

M  -a 

u 

-0 

•a 

mM. 

mm. 

mM. 

mM. 

1 

Before  ether. 

21.70 

7.44 

39 

20.5 

20.5 

20.5 

2 

After  50  minutes 
varied  ether. 

16.78 

7.20 

47 

15.4 

10.6 

8.7 

3 

After  97  minutes 
varied  ether. 

14.03 

7.1s 

45 

12.7 

7.3 

5.2 

Time. 

Ventilation  rate. 

Per  cent  A. 

liters  per  min. 

Day  before. 

5.6 

9.48  a.m. 

3.9 

Mean  before  ether. 

4.8 

±0 

10.35  a.m. 

11.0 

+129 

10.. 52     " 

10.4 

+118 

11.07     " 

4.1 

-  15 

11.17     " 

6.5 

+  35 

11.20     " 

13.6 

+183 

11.43     " 

9.9 

+106 

12.14   p.m. 

10.0 

+108 
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Experiment  6. 
About  4  year  old  male.  10.50  a.m.  first  bleeding,  left  ventricle;  10.56  a.m. 
ether  started,  drop  method,  kept  about  mid-second  stage;  11.15  a.m.  second 
bleeding,  left  femoral  artery;  11.32  a.m.  trachea!  cannula  introduced; 
12.13  p.m.  third  bleeding,  right  femoral  artery.  Rectal  temperature:  initial 
38.2°;  final  38.3°;  maximum 38.5°;  minimum  3S.2°C. 

Separate  Serwiji  Equilibrated  at  38°. 


Time  drawn. 

a 

6 
o 

u 
'C 
o 

a. 

°i 
< 

Serum. 

Calciilated  from  colorimetric  pH. 

Sam- 
ple. 

i 

Ic. 

o 

a) 

s 

O 

6 
o 

o 
o 

w 

o 

8" 

pK' 

mm. 

mM. 

mM. 

mM. 

1 

Before  ether. 

40.4 

25.52 

7.38 

7.39 

1.28 

24.24 

1.277 

6.11 
6.05 

3 

After  77  minutes 
varied  ether. 

39.4 

18.65 

7.19 

7.19 

1.25 

17.40 

1.144 

Mean  6.08 

Trxie  Serum  as  Drawn. 


Time  drawn. 

Total 
[CO^.l 

Colori- 
metric 
pH. 

Calculated  (using pK'  =  6.08). 

d 

IBHCOslat 
initial  pH. 

Sample. 

s 

n 

o 
■§ 

s 

6 
o 

o 
u 

S 

d 

o 

a 
£ 

ft 

o 

e 

p. 

mM. 

mm. 

mM. 

mM. 

mm. 

1 

Before  ether. 

25.32 

7.36 

40 

24.06 

24.1 

24.1 

2 

After  19  minutes    . 
ether. 

22.20 

7.20 

49 

24.64 

17.4 

16.2 

3 

After  77  minutes. 

18.16 

7.28 

34 

17.08 

15.5 

14.8 
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Experiment  6 — Concluded. 


Time. 

Ventilation  rate. 

Per  cent  A- 

liters  per  min. 

Day  before. 

4.4 

10.30  a.m. 

4.6 

Mean  before  ether. 

4.5 

=t=     0 

11.05  a.m. 

5.6' 

+  22 

11.24     " 

4.1 

-    9 

11.35     " 

5.8 

+  29 

11.41     " 

8.4 

+  87 

11.47     " 

7.9 

+  76 

11.55     " 

10.6 

+136 

12,02  p.m. 

9.6 

+113 

12.08     " 

10.2 

+127 
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STUDIES  ON  EXPERIMENTAL  RICKETS. 

XXI    AN  EXPERIMENTAL  DEMONSTRATION  OF  THE  EXISTENCE 
OF  A  VITAMIN  WHICH  PROMOTES  CALCIUM  DEPOSITION. 
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Health,  the  Johns  Hopkins  University,  Baltimore.) 

AND  P.  G.  SHIPLEY. 

(From  the  Department  of  Pediatrics,  the  Johns  Hopkiiis  University,  Baltimore.) 

(Received  for  publication,  June  20,  1922.) 

With  the  discovery  in  1913  that  certain  fats  contain  a  substance 
or  substances  which  are  essential  for  growth,  this  class  of  foodstuffs 
assumed  an  importance  in  nutrition  which  had  not  been  hitherto 
accorded  it.  At  first  the  evidence  of  the  existence  of  the  sub- 
stance which  subsequently  became  known  as  fat-soluble  A,  or 
vitamin  A,  rested  upon  the  failure  of  experimental  animals  to 
grow  when  the  fats  carrying  this  substance  were  lacking  in  the 
food,  and  the  resumption  of  growtn  when  such  fats  were  adminis- 
tered. Later  xerophthalmia  of  a  certain  type  was  recognized  as 
a  pathological  condition  which  invariably  results  from  specific 
starvation  for  fat-soluble  A.  We  have  recently,  however,  con- 
vinced ourselves  that  a  similar  ophthalmia  may  be  the  result  of 
disturbance  of  the  balance  of  inorganic  elements  in  the  diet.  Up 
to  the  present  time  no  definite  evidence  has  been  brought  forward 
to  show  whether  one  or  more  than  one  substance  is  contained  in 
those  fats  which  contain  fat-soluble  A  which  gives  them  their 
unique  biological  value  (1).  The  great  activity  in  several  labora- 
tories in  the  study  of  the  cause  or  causes  of  rickets  and  related 
conditions  has,  during  the  last  3  years,  brought  to  Hght  the  fact 
that  there  is  a  r(Me  played  by  fats  in  the  etiology  of  this  disease. 
This  observation  causes  us  to  appreciate  further  the  importance 
of  the  fat  moiety  of  the  food  supply,  and  emphasizes  the  necessity 
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of  providing  in  the  diet  a  regular  and  abundant  supply  of  such 
fats  as  promote  the  normal  development  of  the  skeletal  tissues. 
Mellanby  (2)  was  the  first  to  associate  the  group  of  fats  which, 
because  of  their  content  of  fat-soluble  A  were  frequently  distin- 
guished as  "growth-promoting"  fats  with  the  prevention  of  rickets. 
His  work  focused  attention  upon  the  problem  as  to  whether  fat- 
soluble  A  is  itself  a  substance  essential  for  the  normal  growth  of 
bone. 

Mellanby  (3)  was  so  impressed  with  the  power  of  butter  fat 
to  protect  puppies  against  the  abnormalities  of  bone  growth 
that  he  stated: 

"These  facts  of  agreement  from  the  point  of  view  of  physiological 
reaction  seem  to  me  strong  evidence  that  the  substance  in  fats  stimulating 
the  calcification  of  bone  is  the  same  as  Fat-soluble  A,  i.e.  the  factor  which 
stimulates  growth  in  rats." 

He  further  says: 

"Rats  as  regards  growth  and  puppies  as  regards  rickets  become  more 
independent  of  the  vitamin  as  they  grow  older.  These  facts  are  in  favor 
of  Fat-soluble  A  being  also  responsible  for  the  anti-rachitic  action  of 
certain  fats." 

All  of  Mellanby's  own  data  cannot  be  brought  into  line  with 
this  reasoning.  For  example,  Dog  187  was  fed  bread,  yeast,  salt, 
orange  juice,  separated  milk,  and  10  cc.  of  cottonseed  oil,  but  no 
meat.  It  developed  rickets.  Dog  305  had  the  same  diet  but 
with  10  gm.  of  meat  The  bones  of  this  animal  are  described  as 
"practically  normal"  (3).  Meat  is  essentially  lacking  in  fat- 
soluble  A.  It  does,  however,  contain  phosphorus,  and  but  httle 
calcium,  and  serves  to  change  the  ratio  between  these  elements 
in  the  diet.  This,  as  has  been  pointed  out,  is  of  great  importance 
in  the  etiology  of  rickets  (4).  '^ 

In  his  experiments  Mellanby  studied  cod  liver  oil,  butter  fat, 
lard,  suet,  bacon  fat,  peanut  oil,  olive  oil,  coconut  oil,  hnseed  oil, 
babassu  oil,  rape  seed  oil,  palm  kernel  oil,  and  hydrogenated  fats. 
He  states  (3) :     ■ 

"Of  the  fats  tested,  cod-liver  oil  is  the  best.  Suet  and  butter'  also  have 
a  potent  influence  on  calcification.  Lard  is  poor  as  compared  with  suet. 
Butter,  heated  and  oxidized  for  four  hours,  loses  some  anti-rachitic  action. 
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Cod  liver  oil  similarly  treated  still  has  a  strong  anti-rachitic  effect.  The 
vegetable  oils  vary  in  their  anti-rachitic  action,  the  order  of  merit  being 
somewhat  as  follows:  pea-nut  and  coco-nut  oils  (best),  rape-seed,  cotton- 
seed, palm-kernel,  olive,  linseed,  and  babassu  oils  (worst).  Hydrogenated 
fats  are  poor." 

It  will  be  seen  from  the  foregoing  quotations  that  the  question 
as  to  whether  fat-soluble  A  exerts  an  antirachitic  effect,  or  whether 
such  action  is  to  be  referred  to  some  other  principle  which  has  in 
many  cases  at  least,  a  similar  distribution  is  still  open. 

In  July,  1921  (5)  we  pointed  out  on  the  basis  of  experimental 
data  that 

"We  have  not  found  it  possible  to  demonstrate  experimentally  a  differ- 
ence between  the  effects  of  cod  liver  oil  and  butter  fat  when  the  content  of 
the  diet  in  calcium  and  phosphorus  is  near  the  optimum,  the  other  elements 
in  the  diet  being  satisfactory." 

We  stated  further  that 

"These  results  suggest  the  possibility  that  a  dietary  essential  distinct 
from  the  anti-ophthalmic  substance  (fat-soluble  A),  may  exist.  If  this  is 
the  case  this  would  appear  to  be  present  in  butter  fat  "in  small  amounts, 
but  to  be  very  abundant  in  cod  liver  oil." 

Again,  in  January,  1922  (6)  we  set  forth  evidence  which  was  all  but 
conclusive  that  there  is  a  specific  calcium-depositing  substance. 
We  stated 

"The  results  of  this  series  of  experiments  were  so  consistent  and  decisive 
that  we  can  deduce  no  other  conclusion  than  that  cod  liver  oil  ccintains  in 
abundance  some  substance  which  is  present  in  butter  fat  in  but  very  slight 
amounts,  and  which  exerts  a  directive  influence  on  bone  development  and 
enables  animals  to  develop  with  an  inadequate  supply  of  calcium  much 
better  than  they  could  otherwise  do.  This  substance  is  apparently  dis- 
tinct from  fat-soluble  A,  which  is  essential  for  growth  and  which  is  asso- 
ciated definitely  with  the  prevention  of  ophthalmia  (keratomalacia) ." 

Our  own  experience  had  convinced  us  that  existing  methods 
were  incapable  of  differentiating  beyond  doubt  between  fat-soluble 
A  and  a  special  calcium-depositing  substance  should  such  exist. 
We  therefore  formulated  a  plan  which  involved  a  comparison  of  a 
selected  Ust  of  fats  in  respect  to  three  kinds  of  effects  in  nutrition. 
First,  we  tested  cod  liver  oil,  shark  liver  oil,  butter  fat,  and  several 
Iregetable  oils  for  potency  in  causing  the  cure  of  xerophthalmia 
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due  to  lack  of  fat-soluble  A.  Secondly,  wc  made  comparative 
tests  of  the  same  fats  to  determine  their  value  in  promoting  growth 
in  yoimg  rats  which  were  restricted  to  a  diet  so  low  in  calcium 
that  satisfactory  growth  was  not  possible  without  the  provision 
of  some  substance  which  would  make  for  a  greater  efficiency  in 
the  utilization  of  calcium  than  that  which  could  be  effected  in  its 
absence.  Thirdly,  we  further  studied  these  same  fats  by  means 
of  our  "line  test"  to  discover  their  relative  values  for  inducing 
the  deposition  of  the  line  of  calcium  salts  in  rachitic  bones.  With 
the  data  which  we  have  secured  from  these  three  distinct  types  of 
tests,  we  are  now  in  a  position  to  interpret  accurately  the  results 
of  much  of  the  experimental  datqk.in  the  literature  which  is  other- 
wise confusing.  " 

EXPERIMENTAL    PROCEDURE. 

/.   Test  for  Fat-Soluble  A. 

The  diet  used  for  testing  the  value  of  different  fats  for  the  cure 
of  xerophthalmia  had  the  following  formula. 

Lot  3392. 

per  cent 

Rolled  oats 40.0 

Casein 5  0 

j^aci :::::;:;:::;;;;;:;;;:;  1:0 

<■«">. 1.5 


Dextrin 52 


0 


This  diet  is  essentially  lacking  in  fat-soluble  A.  If  2  per  cent  of 
but^tei-  fat  or  cod  liver  oil  is  included  in  place  of  an  equivalent 
amount  of  dextrin,  xerophthalmia  never  develops,  and  the  animals 
are  able  to  grow. 

In  making  the  tests  referred  to  in  this  paper  young  rats  of  40 
to  60  gm.  weight  were  restricted  to  Diet  3392  until  the  puffiness 
of  the  eyelids  was  distinctly  evident.  At  this  point  the  eyes  were 
frequently  sealed  shut  while  the  rats  slept,  and  were  opened  with 
difficulty  on  awakening.  The  malnutrition  induced  by  this 
diet  progresses  rapidly  to  a  fatal  termination  unless  a  suitable 
amount  of  fat-soluble  A  is  provided  at  this  stage.  On  the  addition 
of  sufficient  fat  containing  fat-soluble  A,  at  the  time  when  the 
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edema  of  the  eyelids  is  just  becoming  severe  the  swelling  rapidly 
disappears,  and  th6  eyes  return  to  a  normal  appearance  within  a 
few  days.  2  per  cent  of  cod  liver  oil,  3  per  cent  of  shark  liver  oil, 
3  per  cent  of  burbot  liver  oil,i  or  2  per  cent  of  butter  fat,  were 
found  to  effect  the  prompt  cure  of  incipient  xerophthalmia  under 
the  conditions  of  our  tests.  Although  we  have  data  from  other 
experiments  which  indicate  that  certain  of  the  vegetable  oils 
when  fed  liberally  (8  to  20  per  cent)  from  the  beginning  of  the 
experiment  tended  to  defer  the  onset  of  xerophthalmia,  we  have 
never  found  that  such  amounts  of  vegetable  fats  would  cure  the 
eye  condition  after  it  had  once  developed.  It  is,  therefore,  possi- 
ble that  there  are  traces  of  fat-soluble  A  in  some  vegetable  fats. 
It  should  be  specially  noted  here  that  15  per  cent  of  coconut  oil 
did  not  cure  or  prevent  xerophthalmia.  We  are  convinced  that  a 
properly  conducted  curative  test  such  as  we  have  described  is 
much  more  delicate  than  a  preventive  test  can  ever  l^e  made. 

Hopkins  (7)  was  the  first  to  point  out  that  oxidation  destroys 
fat-soluble  A.  He  showed  that  if  oxygen  is  allowed  to  pa-ss 
through  heated  butter  fat  the  fat-soluble  vitamin  is  readily  de- 
stroyed. With  this  destruction  the  butter  fat  loses  its  power  of 
inducing  growth  or  of  curing  ophthalmia  of  dietaiy  origin.  ]Mel- 
lanby  attempted  (.3)  to  make  use  of  this  means  of  destroying  fat- 
soluble  A  in  order  to  determine  whether  there  is  a  distinct  '•anti- 
rachitic substance."  He  found  butter  fat  of  little  value  for 
protecting  against  rickets  after  it  had  been  oxidized,  whereas  cod 
Hver  oil  after  the  same  treatment,  i.e.  heated  to  120°C.  for  4  hour.s 
while  oxygen  was  passing  through  it,  still  protected  his  animals 
against  rickets.     He  states: 

"If  it  should  happen  that  four  hours'  heating  and  oxidation  at  120°C. 
also  leaves  a  large  amount  of  Fat-soluble  A  in  the  cod  liver  oil,  it  will  go  a 
long  way,  especially  when  considered  together  with  the  butter  results,  to 
clinch  completely  the  identity  of  fat-soluble  A  and  the  auti-rachitic  vita- 
mine." 

Mellanl)y  used  no  method  of  testing  for  fat-soluble  A  as  distinct 
from  the  calcium-depositing  substance  since  he  did  not  make 
use  of  the  ophthalmia  test  for  fat-soluble  A. 

1  We  are  indebted  to  Miss  Ethel  Kalmbach  of  Sturgeon  Bay,  Wis.,  who 
kindly  furnished  us  a  large  sample  of  carefully  prepared  oil  from  the  livers 
of  the  burbot. 
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We  have  found  that  cod  liver  oil  treated  with  a  stream  of  air 
bubbles  at  the  temperature  of  boihng  water  for  12  to  20  hours  no 
longer  contains  sufficient  fat-soluble  A  to  relieve  rats  from  xeroph- 
thalmia when  administered  to  the  extent  of  2  per  cent  of  the  diet. 
Cod  Hver  oil  which  had  been  oxidized  4  hours,  when  fed  as  2  per 
cent  of  the  diet,  cures  xerophthalmia.  Untreated  cod  liver  oil 
under  these  conditions  invariably  causes  complete  recovery  within 
5  days.  Likewise,  2  per  cent  of  fresh  butter  fat,  under  exactly 
comparable  experimental  conditions,  effects  the  disappearance  of 
ophthalmia  within  5  to  10  days.  These  results  are  sufficient  to 
serve  as  a  basis  of  comparison  for  our  present  purpose  of  the  rel- 
ative values  of  cod  liver  oil  and  butter  fat  for  the  cure  of  ophthal- 
mia. The  significance  of  these  results  in  connection  with  the  prob- 
lem of  the  existence  of  a  special  calcium-depositing  vitamin 
will  be  discussed  later. 

II.  Tests  of  Fats  for  Their  Protective  Power  against  the  Effects 
of  Deficient  Calcium  Supply. 

In  a  former  paper  (5)  we  have  described  experiments  which 
showed  clearly  that  a  diet  may  be  so  deficient  in  calcium  as  to 
prevent  growth  in  young  rats.  Butter  fat  failed  to  protect  the 
animals  from  the  effects  of  calcium  deficiency,  whereas  the  same 
diet  supplemented  with  cod  liver  oil  may  promote  good  growth. 
We  have  since  refined  the  technique  of  this  type  of  experiment 
for  studying  the  influence  of  fats  on  calcium  metabolism.  For 
this  purpose  we  now  use  the  following  diet. 

Diet  2947. 

per  cent 

Whole  whoat 25.0 

Whole  maize 19.5 

Rice  polished 9.5 

Rolled  oats 9.5 

Whole  milk  powder 6.0 

Peas 9.5 

Navy  beans 9.5 

Casein 10.0 

NaCl 1.0 

Dextrin 1.5 
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The  dietary  properties  of  this  food  mixture  have  been  carefully 
determined.  The  proteins  are  of  very  good  quality  and  are  abund- 
ant (about  23  per  cent).  Its  content  of  water-soluble  B  is  entirely 
adequate.  It  is  somewhat  deficient  in  fat-soluble  A,  but  not 
sufficiently  so  as  to  induce  xerophthalmia  even  if  an  animal  were 
confined  throughout  life  to  it.  Its  inorganic  content  was  such 
as  to  induce  skeletal  deformities.  The  diet  was  low  in  calcium, 
and  not  far  from  the  optimum  in  phosphorus,  and  our  problem 
was  to  see  to  what  extent  if  any  the  different  fats  increase  the 
efficiency  of  the  animals  in  utilizing  the  small  amount  of  calcium 
at  their  disposal. 

This  food  mixture  was  fed  with  the  following  fats:  cod  liver  oil 
1.0  per  cent;  butter  fat  10.0  per  cent;  shark  liver  oil  3.0  per  cent; 
coconut  oil  10.0  per  cent;  cottonseed  oil  10.0  per  cent;  and  olive 
oil  10.0  per  cent. 

An  inspection  of  the  charts  shows  that  on  this  diet  the  animals 
cannot  grow  appreciably  when  the  fat  which  is  supplied  them, 
is  cottonseed  or  oUyejoU.  When  cod  liver  oil,  shark  hver  oil,  or 
butteFTat  is  fed,  growth  proceeds  in  a  fairly  satisfactory  manner. 
Coconut  oil  is  the  only  one  of  the  vegetable  oils  examined  Vhich 
increased  the  efficiency  of  the  animals  in  utilizing  their  very  low 
calcium  supply.  These  data  show  clearly  that  there  is  a  very 
remarkable  property  of  certain  fats  which  makes  them  of  extraor- 
dinary importance  in  relation  to  calcium  metabolism. 

III.  Tests  of  Fats  for   Their  Power  to  Stimulate  Healing 
in  Rickets. 

The  data  presented  above  relative  to  the  values  of  several  fats 
for  relieving  xerophthalmia,  and  for  increasing  the  efficiency  of 
the  tissues  in  utilizing  calcium  when  this  element  is  present  in 
very  inadequate  amounts  in  the  diet,  do  not  constitute  a  safe 
basis  for  deciding  whether  the  effects  in  both  types  of  experiments 
were  due  to  fat-soluble  A,  or  to  two  distinct  substances.  The 
results  of  the  experiments  in  which  coconut  oil  was  studied 
(Chart  4,  Lot  3008)  suggest  strongly  that  this  oil  contains  a 
substance  which  improves  the  utilization  of  calcium.  It  has 
been  pointed  out  above  on  the  basis  of  experimental  tests  that 
coconut  oil  does  not  contain  the  substance,  fat-soluble  A,  which 
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relieves  xerophthalmia,  since  no  improvement  follows  the  inges- 
tion of  liberal  amounts  of  this  fat  even  in  the  incipient  stages 
of  the  eye  disease.  Experiments  directed  toward  preventing 
xerophthalmia  by  feeding  coconut  oil  confirmed  this  view.  We, 
therefore,  supplemented  the  data  obtained  by  the  above  described 
tests,  with  observations  on  the  effects  of  the  several  fats  on  the 
initiation  of  the  healing  process  in  rickets.  For  this  purpose  we 
used  the  technique  which  we  have  called  the  "line  test." 
Diet  No.  3143  employed  in  the  "line  test"  consists  of: 

Diet  3143. 

per  cent 

Whole  wheat  kernel 33. 0 

Whole  maize  kernel 33. 0 

Gelatin 1,5  q 

Wheat  gluten I.5  0 

NaCl 10 

CaCOs '''.''''^^^'.'.''^.'^''.'.  Z.Q 

The  details  concerning  the  properties  of  this  diet  and  its  effects 
on  th^  bones  have  been  given  in  another  publication  (8).  It 
is  only  necessary  to  state  here  that  it  contains  a  very  inadequate 
amount  of  fat-soluble  A,  but  sufficient  to  prevent  xerophthalmia 
during  the  interval  necessary  to  develop  an  exaggerated  rickets 
and  to  observe  the  incipient  healing  of  the  lesion.  Although  the 
diet  contains  an  excesmre  amount  of  calcium,  no  deposition  of 
calcium  salts  takes  place. 

A  few  words  of  explanation  are  necessary  regarding  the  column 
in  Table  I  headed  "Nimiber  of  days  in  preparatory  period."  In 
order  to  carry  out  the  "line  test"  satisfactorily  the  animals  are 
fed  Diet  3143  until  a  pathological  metaphysis  has  developed 
satisfactorily.  This  state  we  have  come  to  recognize  by  certain 
peculiarities  in  the  movements  of  the  young  rats  which  we  use  as 
the  test  animals.  The  gait  is  unsteady  and  the  hind  quarters 
waver  from  side  to  side.  When  they  move  off  rapidly  they  hop, 
usually  favoring  one  hind  leg.  We  have  found  it  safe  to  rely  on 
young  rats  which  exhibit  this  abnormality  of  movement  to  show 
the  histological  picture  which  is  essential  for  the  conduct  of  the 
test. 

We  have  examined  histologically  the  bones  of  a  large  number  of 
rats  which  have  been  kept  on  this  diet  for  varying  periods,  and 
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TABLE  I. 

Kind  of  oil. 
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Results. 

Cod  liver  oil. 

21 

5 

Healing  ricke's. 
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2 

25 

6 

2 
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2 

28 

11 

3 

tt                         n 
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o 
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5 

3 

tt                  it 
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2 

49 

5 

3 

tt                  (( 
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0.2 

70 

5 

1 

Severe  rickets,  a  few  specks 
of  calcium  in  cartilage. 

tt             ft          It 

0.4 

70 

5 

1 

Severe  rickets,  no  healing. 

tt             tt          tt 

0.6 

70 

5 

1 

Beginning  healing  of  rickets. 

Cod  liver  oil  (oxi- 

dized 4  hrs.) 

2 

25 

6 

3 

Healing  rickets. 

Cod  liv^r  oil  (oxi- 

dized 12  l>rs.) 

2 

28 

11 

3 

tt             tt 

Cod  liver  oil  (oxi- 

, 

dized  20  hrs.) 

2 

29 

10 

3 

tt             it 

Butter  fat. 

30 

21 

14 

2 

Beginning  healing. 

tt       It 

30 

32 

11 

4 

it                       a 
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15 

17* 

12 

4 

3   of   these    animals     showed 
occasional  specks  of  calcium 
in  cartilage. 

tt       it 

15 

20 

20 

It 

Beginning  healing  rickets. 

Shark  liver  oil. 

2 

34 

11 

3 

Marked  healing. 

Burbot  liver  oil. 

2 

30 

6 

2 

Healing  well  on. 

tt       tt       tt 

2 

30 

10 

4 

((         it       it 

Coconut  oil. 

20 

24 

15 

5 

Very  slight  evidences  of  heal- 
ing. 

Maize  oil. 

20 

34 

15 

5 

Severe  rickets,  no  healing. 

Olive      " 

20 

34 

15 

5 

It          tt          tt        tt 

Cottonseed  oil. 

20 

29 

14 

5 

tt          tt          tt        it 

Sesame  oil. 

20 

24 

15 

5 

tt                tt                tt            <c 

*  This  preparatory  period  was  too  short.  The  metaphyses  were  narrow 
and  irregular.  It  was  possible  to  mistake  calcified  matrix  which  had 
existed  before  the  onset  of   he  disease  as  evidence  of  healing. 

t  This  animal  was  badly  deformed  and  feeble  after  being  fed  the  butter 
fat  for  20  days.  There  was  no  clinical  evidence  that  the  butter  fat  had  been 
at  all  beneficial. 
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have  found  considerable  difference  in  the  length  of  time  required  to 
prepare  them  for  the  test  for  the  calcium-depositing  vitamin.  We 
have  gained  the  impression  that  it  takes  their  bones  a  decidedly 
longer  time  in  summer  than  in  winter  to  deviate  from  the  normal 
histology  in  the  manner  desired.  Certainly  they  do  not  all 
respond  in  a  certain  number  of  days  so  that  it  is  not  possible  to 
state  accurately  when  they  will  be  ready.  We  can,  however, 
rely  with  certainty  on  the  peculiarities  of  movement  described 
above  as  a  criterion  of  the  time  when  a  substance  to  be  tested 
should  be  administered.  The  age  of  the  animals  is  an  important 
factor  in  the  rate  at  which  they  may  be  prepared  for  the  test. 
Rats  weighing  55  to  60  gm.  are  as  a  rule,  in  fall,  spring,  and  winter, 
ready  in  28  to  35  days. 

We  have  studied  in  this  way  the  fats  already  discussed,  and 
have  included  maize  oil  and  sesame  oil  among  the  vegetable  oils 
examined.  Coconut  oil  was  found  to  be  distinctly  more  effective 
as  a  calcium-depositing  agent  than  any  of  the  other  vegetables 
tested.  It  was,  however,  inferior  to  butter  fat  or  any  of  the  fish 
■oils  tested.  -» 

The  several  oils  studied  are  listed  in  Table  I.  The  amounts 
fed,  the  number  of  days  of  administration,  the  length  of  the  pre- 
liminary period,  the  number  of  animals  tested,  and  the  results 
of  the  tests  are  given.  Since  starvation  causes  the  deposition  of 
calcium  salts  in  the  bones  under  the  conditions  of  this  test,  we 
have  invariably  kept  accurate  records  of  food  consumption  in 
making  these  tests.  The  food  consumption  was  adequate  in  all 
cases  (9). 

An  inspection  of  Table  I  shows  that  codliyer  oil,  shark  liver 
oil,  and  burbot  Hyer^il,  were  highly  effective  in  moderate  doses 
in  causing  the  deposition  of  calcium  in  the  bones  of  rachitic 
animals.  Butter  fat  is  also  effective  when  fed  in  large  amounts 
(15  to  30  per  cent),  but  it  was  necessary  to  extend  the  time  of 
administration  to  14  days  in  order  to  obtain  even  a  faint  calcifi- 
cation of  the  bones.  * 

Coconut  oil,  when  fed  at  20  per  cent  of  the  diet,  caused  in  15 
days  the  deposition  of  small  amounts  of  calcium  salts  in  the  bones 
under  the  conditions  of  our  test.  Maize  oil,  ohve  oil,  cottonseed 
oil,  and  sesame  oil,  were  likewise  fed  at  20  per  cent  of  the  diet  for 
14  to  15  days,  but  in  no  case  was  there  any  tendency  to  the  de- 
position of  calcium  salts. 
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Samples  of  cod  liver  oil  which  had  been  oxidized  for  4,  12,  and 
20  hours,  respectively,  were  tested  for  their  calcium-depositing 
properties.  Those  oxidized  12  and  20  hours  showed  this  potency 
in  a  degree  apparently  comparable  with  similar  amounts  of  un- 
oxidized  samples,  notwithstanding  the  fact  that  they  had  entirely 
lost  their  power  to  cure  xerophthalmia.  The  samples  which  had 
been  oxidized  for  4  hours  still  cured  xerophthalmia  when  2  per 
cent  of  the  diet  consisted  of  the  oil.  They  hkewise  gave  a  positive 
test  for  calcium-depositing  power. 

DISCUSSION    OF    RESULTS. 

We  have  shown  experimentally  that  cod  hver  oil  oxidized  for  12 
to  20  hours  does  not  cure  xerophthalmia  in  rats.  It  does,  however, 
cause  the  deposition  of  calcium  in  the  bones  of  young  rats  which 
are  suffering  from  rickets.  This  shows  that  oxidation  destroys 
fat-soluble  A  without  destroying  another  substance  which  plays 
an  important  role  in  bone  growth. 

Coconut  oil  is  shown  to  be  lacking  in  fat-soluble  A,  since  it  will 
neither  prevent  nor  cure  xerophthalmia.  This  oil,  on  the  other 
hand,  contains  a  substance  which  stimulates  the  deposition  of 
calcium  salts  in  rickets  in  a  manner  similar  to  cod  liver  oil.  It  is, 
like  butter  fat,  far  less  effective  from  a  quantitative  standpoint. 

Cod  Uver  oil,  shark  liver  oil,  and  burbot  liver  oil,  are  highly 
effective  for  curing  xerophthalmia,  for  protecting  the  body  against 
the  effects  of  a  deficiency  of  calcium,  and  for  the  deposition  of 
lime  salts  in  rachitic  bones. 

Certain  vegetable  fats,  among  which  are  cottonseed  oil,  maize 
oil,  sesame  oil,  and  olive  oil,  do  not  possess  the  property  of  curing 
xerophthalmia,  nor  do  they  raise  the  efficiency  of  the  tissues  in 
utilizing  calcium  when  there  is  an  inadequate  provision,  nor  of 
initiating  healing  in  rickets. 

Butter  fat  contains  the  calcium-depositing  factor  but  in  much 
smaller  amounts  than  the  fish  oils  we  have  examined.  It  is  a 
much  better  source  of  fat-soluble  A  than  of  the  substance  which 
regulates  calcium  metabolism. 

Our  results  are  in  harmony  with  those  of  Mellanby  in  that  they 
show  that  coconut  oil  has  an  antirachitic  effect.  They  prove 
conclusively,  however,  that  this  effect  is  not  due  to  the  presence 
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of  fat-soluble  A  in  this  fat.  Mellanby  did  not  appreciate  the 
importance  of  calcium  and  phosphorus  in  his  experimental  diets 
as  a  factor  in  the  causation  of  rickets.  Many  of  his  apparently 
discordant  results  can,  we  believe,  be  accounted  for  on  this  basis 
rather  than  on  the  content  of  his  diets  in  the  calcium-depositing 
vitamin  (3). 

The  question  might  be  raised  as  to  whether  the  efTect  of  the 
substance  which  is  designated  fat-soluble  A  in  protecting  the 
functional  activity  of  the  eyes,  is  not  one,  and  the  calcium-de- 
positing effect  of  certain  oils  which  contain  it,  another  physiologi- 
cal effect  of  one  and  the  same  substance.  A  controversy  involving 
this  principle  has  been  carried  on  for  many  years  over  the  identitj' 
or  non-identity  of  pepsin  and  rennin.  It  may  be  postulated  that 
the  two  properties  which  cod  liver  oil  and  certain  other  fats  can 
be  shown  to  possess,  are  referable  to  two  side  chains  on  the  same 
molecule,  and  that  in  oxidation  we  have  destroyed  one  and  left 
the  other  intact.  It  is,  of  course,  not  possible  at  present  to  prove 
or  disprove  either  of  these  views.  The  only  evidence  which 
bears  on  the  question  is  the  observation  that  coconut  oil  which 
had  received  no  chemical  treatment  whatever,  has  been  shown  to 
possess  demonstrable  calcium-depositing  properties,  whereas  it 
does  not  show  a  comparable  antixerophthalmic  effect.  This 
points  to  the  two  properties  under  discussion  being  due  to  distinct 
substances. 

The  evidence  set  forth  in  this  paper  demonstrates  that  the 
power  of  certain  fats  to  initiate  the  healing  of  rickets  depends  on 
the  presence  in  them  of  a  substance  which  is  distinct  from  fat- 
soluble  A.  These  experiments  clearly  demonstrate  the  existence 
of  a  fourth  vitamin  whose  specific  property,  as  far  as  we  can  tell 
at  present,  is  to  regulate  the  metabolism  of  the  bones. 

Chart  1.  Lots  2765  and  3006  were  fed  diets  which  were  essentially 
identical  in  their  dietary  properties  except  in  so  far  as  these  were  modified 
by  the  .added  fats.  Diet  276.5  contained  1.0  per  cent  of  cod  liver  oil  and 
Diet  .3006  contained  10.0  per  cent  of  a  bleached  cottonseed  oil  (Wesson  oil). 
Tlie  defects  in  these  diets  were  limited,  as  far  as  we  can  definitely  charac- 
terize them  at  present,  to  a  deficiency  in  calcium  which  was  closely  com- 
parable in  the  two  diets,  and  in  such  organic  factors  as  certain  oils  {e.g.  cod 
liver  oil  or  butter  fat)  can  supply. 

The  difference  in  the  well  being  of  these  two  groups  of  rats,  due  entirely 
to  the  qualities  of  the  fats  which  they  were  fed,  w.as  most  remarkable  anil 


305 


306      Studies  on  Experimental  Rickets.     XXI 


\ 

1 

\ 

1 

o 

-.1 

\ 

o 

SH 

I  % 

^ 

.a 
u 

/ 

\ 

\ 

\ 

f 

\ 

1  ^ 

^A 

\ 

'J 
>• 

r  M 

( 

^ 

\ 

^ 

>s 

1 

\ 

1     1 
\ 

\ 

\ 

^ 

^ 

13 

!W    ^ 

V 

(0 

1 

X 

^ 

S 

N 

I 

\ 

s^ 

\ 

1 

Y" 

\ 

OO 

•    • 

ous 

CMiH 

lO    lOO 

•     •  « 
Ok    OkO 

*- 

10.0 

10.0 

1.0 

1 

\ 

V 

40 

\ 

,  > 

L 

N 

Bi 

\ 

■  -1 

V. 

O 

s 

■    t 

'^J 

M  f 

\ 

1 

ii 

o  *» 

\ 

4» 

3 

^^^^^ 

SWTHO             1           1           §           S           S 

W               CM                CM               rt                M 

o 

CO 

s 

McCoUum,  Simmonds,  Becker,  Shipley        307 

are  illustrated  by  the  curves  in  the  chart.  The  group  receiving  the  cod 
liver  oil  grew  well  and  were  fairly  fertile  and  succeeded,  notwithstanding  the 
lack  of  calcium,  in  rearing  most  of  their  young.  The  group  fed  cottonseed 
oil,  although  they  consumed  about  ten  times  as  much  fat,  grew  but  little 
and  failed  early  without  having  any  young. 

Lot  2765  received  a  suitable  amount  of  both  fat-soluble  A  and  of  the 
calcium-depositing  vitamin,  whereas  Lot  3006  was  essentially  deprived  of 
the  calcium-depositing  vitamin  and  secured  but  an  inadequate  amount  of 
fat-soluble  A  in  the  seed  products  and  milk  powder  which  the  diet  con- 
tained. Lot  2765  was  capable,  because  of  the  character  of  their  diet,  of 
utilizing  effectively  the  small  amount  of  calcium  at  their  disposal,  whereas 
Lot  3006  could  not  do  this. 

Chart  2.  Lot  2766  had  a  diet  like  those  described  in  Chart  1,  but  with 
10  per  cent  of  butter  fat  instead  of  cod  liver  oil  or  cottonseed  oil.  These 
animals  grew  fairly  well  but  were  decidedly  inferior  to  those  described  in 
Chart  1,  which  received  1  per  cent  of  cod  liver  oil.  These  records  empha- 
size how  very  important  it  is  to  have  in  the  diet  certain  fats  possessing 
unique  properties,  when  there  is  an  unfavorable  concentration  of  calcium 
in  the  food.  Certain  fats  greatly  protect  the  cells  against  their  faulty 
chemical  environment  and  enable  them  to  utilize  better  than  would  other- 
wise be  possible  their  very  inadequate  calcium  supply.  This,  we  are  now  in 
a  position  to  assert,  is  due  to  the  content  in  such  fats  of  a  special  calcium- 
depositing  vitamin  which  is  often  associated  with  fat-soluble  A,  but  is 
distinct  from  it. 

Ch.\rt  3.  Lots  3012  and  3005  had  the  same  food  mixture  discussed  in 
Charts  1  and  2  except  that  the  former  had  3.0  per  cent  of  shark  liver  oil 
and  the  latter  10  per  cent  of  virgin  olive  oil.  The  contrast  between  the 
value  of  the  fish  oil  on  the  one  hand  and  the  vegetable  oil  on  the  other  in 
protecting  the  animals  against  the  detrimental  effects  of  a  deficiency  of 
calcium  in  the  diet  is  very  striking.  Lot  3012  had  a  sufficient  amount  of 
both  fat-soluble  A  and  of  the  calcium-depositing  vitamin.  Lot  3005  had  a 
suboptinial  amount  of  the  former,  but  very  little  of  the  latter,  derived 
from  the  small  amount  of  milk  in  its  diet.  The  shark  liver  oil  was  not  so 
effective  as  cod  liver  oil  in  raising  the  potential  of  the  body  cells  so  as  to 
make  them  capable  of  utilizing  an  insufficient  calcium  supply,  but  it  was 
distinctly  better  than  butter  fat  for  this  purpose. 

Ch.\rt  4.  This  chart  is  of  special  importance  when  its  two  groups  of 
animals,  Lots  3008  and  2947,  are  compared,  and  also  these  with  Lot  3005, 
Chart  3,  and  Lot  3006,  Chart  1. 

Lot  2947  had  the  experimental  diet  previously  discussed  but  without 
any  added  fats.  On  this  they  were  able  to  grow  but  poorly,  remaining 
undersized  and  infertile,  and  they  deteriorated  at  an  age  when,  on  a  better 
diet,  they  would  still  have  been  in  possession  of  full  vigor. 

Lot  3008  is  of  special  interest  when  compared  with  Lot  2947  which  had 
the  same  diet  without  added  fats  and  Lot  3005  (Chart  3)  which  had  10  per 
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cent  of  olive  oil,  and  Lot  3006,  Chart  1,  which  had  10  per  cent  of  cotton- 
seed oil. 

One  striking  feature  about  this  series  of  curves  is  that  Lot  3005  (Chart  3) 
was  not  quite  so  well  nourished  on  its  diet  containing  olive  oil  as  was 
Lot  2947  which  had  the  same  diet  with  no  fats  added.  This  difference  was 
not  sufficiently  pronounced  to  establish  it  as  significant  further  than  to 
show  that  olive  oil  certainly  does  not  have  the  property  of  increasing  the 
efficiency  of  the  cells  in  functioning  with  an  inadequate  calcium  supply. 

The  diet  consumed  by  Lots  3005  and  2947  was  the  same  as  that  of  Lot 
3006  (Chart  1)  but  modified  in  that  cottonseed  oil  was  included  to  the 
extent  of  10  per  cent.  A  comparison  of  these  groups  shows  that  the  basal 
diet  itself  did  not  raise  the  efficiency  of  the  cells  in  utilizing  their  insufficient 
calcium  supply.  Cottonseed  oil  and  olive  oil  lack,  therefore,  a  property 
which  is  possessed  in  high  degree  by  cod  liver  oil,  shark  liver  oil,  burbot 
liver  oil,  and  to  a  lesser  extent,  by  butter  fat.  These  fats  of  animal  origin 
differ  from  the  two  plant  oils  mentioned  in  that  the  former  exercise  a 
pronounced  protective  action  in  directing  the  functioning  of  the  anatomic 
elements  of  the  osseous  tissues,  whereas  the  latter  do  not. 

Of  special  interest  is  the  record  of  Lot  3008,  whose  diet  was  the  same  as 
those  just  discussed  except  that  it  contained  10  per  cent  of  coconut  oil. 
With  this  diet  there  was  an  observable  protective  effect  due  to  the  coconut 
oil.  There  is,  therefore,  a  slight  difference  between  olive  oil  and  cottonseed 
oil  on  the  one  hand,  and  coconut  oil  on  the  other,  with  respect  to  the  special 
effect  on  the  bone  growth.  The  animals  on  this  diet  containing  coconut  oil 
were  not  so  much  protected  by  that  oil  as  their  growth  curves  would  seem 
to  indicate.  They  were  very  short  bodied  and  stocky  creatures  with  rough 
•  coats  and  presented  rather  a  miserable  appearance  notwithstanding 
the  fact  that  they  grew  at  a  slow  rate  to  about  two-thirds  the  normal 
adult  size. 

If  we  employ  this  diet  without  the  coconut  oil  or  other  added  fat  and 
add  1.5  per  cent  of  calcium  carbonate,  the  animals  thrive  far  better  than 
they  do  with  the  calcium  omitted  and  coconut  oil  included.     See  Chart  5. 

It  should  be  kept  in  mind  in  interpreting  these  records  that  the  diets  are 
not  very  faulty  in  any  respect  other  than  in  a  lack  of  calcium.  The  small 
content  of  milk  powder  containing  some  butter  fat,  and  the  small  amount 
of  fat-soluble  A  furnished  by  wheat  and  maize,  gave  the  animals  nearly 
enough  of  this  principle  to  meet  their  minimal  requirements.  The  butter 
fat  contained  in  the  milk  powder  supplemented  the  very  feeble  protective 
power  of  the  coconut  oil  in  respect  to  its  effects  on  the  bones  due  to  the 
calcium-depositing  vitamin.  Any  fat  possessing  in  considerable  degree  the 
special  property  of  increasing  the  efficiency  of  the  cells  in  utilizing  a  low 
calcium  supply  would  have  exercised  a  much  more  marked  beneficial  effect 
on  the  general  well  being  of  the  animals  than  did  the  coconut  oil. 

Chart  5..  The  records  in  this  chart  illustrate  the  fact  that  animals  can 
undergo  apparently  normal  development  when  furnished  a  very  small 
amount  of  the  calcium-depositing  vitamin,  provided  the  diet  contains 
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somewhere  near  the  optimal  content  of  calcium  and  phosphorus.  The 
adjustment  of  the  calcium  content  of  the.se  diets  at  a  very  low  level  has 
enabled  us  to  demonstrate  the  difference  in  the  quality  of  fats  in  respect  to 
their  content  of  the  calcium-depositing  vitamin  in  a  manner  which  would 
have  been  impossible  if  the  diets  had  contained  a  more  favor.able  concen- 
tration of  calcium  and  phosphorus. 
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ON  A  TYPE  OF  OPHTHALMIA  CAUSED  BY  UNSATISFACTORY 

RELATIONS  IN  THE  INORGANIC  PORTION  OF  THE  DIET. 

AN  OPHTHALMIA  NOT  DUE  TO  STARVATION  FOR 

FAT-SOLUBLE   A,  AND  NOT  CURABLE   BY 

ITS  ADMINISTRATION. 

By  E.  V.  McCOLLLnSI,  NINA  SIMMONDS,  and  J.  ERNESTINE 
BECKER. 

(From  the  Laboratory  of  Chemical  Hygiene,  School  of  Hygiene  and  Public 
Health,  Johns  Hopkins  University,  Baltimore.) 

(Received  for  publication,  June  6,  1922.) 

All  investigators  appear  now  to  be  convinced  that  a  deficiency 
of  fat -soluble  A  in  the  diet  will,  if  pronounced  and  the  deprivation 
continued  over  a  sufficient  interval,  cause  the  development  of  a 
type  of  ophthalmia.  The  ophthalmia  induced  in  the  rat  by  lack 
of  fat-soluble  A  we  know,  from  the  studies  of  Mori  in  this  labora- 
tory, involves  a  xerosis  of  the  conjunctivie,  and  is  accurately 
described  as  xerophthalmia.^  Tliis  disease  is  now  regarded  as  due 
to  specific  starvation  for  fat-soluble  A,  which  is  found  abundantly 
in  certain  fats  of  animal  origin.  As  pointed  out  by  Osborne  and 
IMendel,  fat-soluble  A  is  exceptionally  abundant  in  cod  liver 
oil.=  The  appearance  of  edema  of  the  eyelids,  and  of  a  sticky 
exudate  in  the  eyes,  the  development  of  corneal  ulcers,  and  the 
appearance  of  hypopyon,  followed  by  a  xerosis  of  the  conjunctivae, 
are  now  generally  regarded  as  evidence  of  the  absence  or  paucity 
of  fat-soluble  A  in  the  food  supply. 

During  the  last  few  years  we  have  occasionally  observed  cases 
of  "sore  eyes"  in  rats  which  were  provided  with  an  abundance  of 
fat-soluble  A.  We  were  at  a  loss  to  explain  this  occurrence  except 
through  possible  infection  of  the  eyes  by  bacteria.  We  felt  that 
if  this  condition  had  lieen  due  to  infection  resulting  from  the 

'  Mori,  S.,  The  primary  changes  in  tlie  eyes  of  rats  which  result  from 
deficiency  of  fat-soluble  A  in  the  diet,  J.  Am.  Med.  A.^sn.,  1922,  Ixxix,  197. 

2  Osborne,  T.  B.,  and  Mendel,  L.  B.,  The  influence  of  cxl  liver  oil  and 
some  other  fats  on  growth,  J.  Biol.  Chem.,  1914,  xvii,  401. 
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breaking  down  of  the  natural  barriers  of  defense  it  should  have 
occurred  among  our  enfeebled  animals  irrespective  of  the  nature  of 
the  defects  in  their  diets  which  caused  their  enfeeblement.  This 
has  not  been  the  case.     It  has  been  confined  to  experimental 

TABLE  I. 
Percentage  Composition  of  Diets. 


^ 

Salt 
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No. 

4) 

1 

3 

o 

C 
'u 

D 

a 
< 

6 

•z 

5 
< 

8 

o 

o 

03 

z 

o 

PL, 

a 

o 

K 

A 

gm. 

gm. 

gm. 

gm. 
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0.64 

3408 
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0.5 
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70. 5t 
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2 

it 
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2946 

4 
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59.3 

2 

10 
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3.0 

3003 

4 

18.0 

63.9 

2 

10 

XI 

2,1 

*  Wheat  germ  extracted  with  ether  and  then  with  chloroform. 

t  Wheat  gluten  purified.     See  text. 

X  Dextrin  made  from  specially  purified  starch. 

§  Egg  albumin  purified.     See  text. 

1]  This  diet  contained:  polished  rice,  75.0  gm.;  Salt  Mixture  IX,  5.2  gm.; 
butter  fat,  3.0  gm.;  dextrin,  16.8  gm.  The  latter  carried  the  alcoholic 
extract  of  10  gm.  of  wheat  germ. 

groups  employed  in  studying  the  effects  of  salt  mixtures  differing 
widely  in  composition.  It  may  develop  in  animals  which  are 
growing  fairly  rapidly  and  present  a  moderately  well  nourished 
appearance.  As  soon  as  the  ej'e  disease  appears  the  rats,  as  a 
rule,  fail  rapidly  unless  a  suitable  change  is  made  in  the  diet. 
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TABLE  III. 

Composition  of  Sail  Mixtures  in  Terms  of  Elements. 


No.  of 

salt 
mixture. 


185 

IX 

XX 

XII 

XXI 

XIII 

XI 


Per- 
centage 
of  salts 
in  diet. 


per  cent 

3.7 

5.2 
4.1 
0.8 
3.9 
1  6 
2.1 


Na 


0  1258 

0.7870 
0  3890 


0.4280 

0.262 

0.524 

0  3530  0  0660 

0  524 

0  564 

0.253 


Ca 


0  2742 

0  5490 

0  600 

0  010 

0-3890J0.600 

0  097   0  071 

0.126   0  000 


gm.  ym.  ym.  am.  gm 

0 .  0532  0  1003  0  1049  0 .  3803  0 .  02f29 


Jig 


CI 


Fe 


0  300 
0  120 
0  035 
0  000 
0  073 
0.053 


0  023 
0  023 
0  137 
0  023 
0  137 
0  071 


1  4400:0.2700  0  040 
0.7790|0  0000  0.040 
0.115  0,153  0  000 
0  7790,0.0000  0  040 


0.2410  0  153 
0.194   0.641 


0  000 
0.023 


Em- 
ployed 
in  Diet 

No. 


3399 
2074 
3369 
3015 
3407 
3018 
3003 


TABLE  IV. 
Inorganic  Elements  in  Entire  Rations  per  100  Gm. 


Ration  No. 

K 

Na 

Ca 

Mg 

s 

gin. 

CI 

p 

gm. 

Remarks. 

gin. 

(/Trt. 

gm. 

gm. 

gin. 
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Sore  eves. 
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li       it 
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0.143 
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0  920 

0  463 

Very  sore  eves. 
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0.428 

0.126 

0.274 

0  233 

0.237 

0  105 

0  533 

Ea-bs  normal. 

3400 

1 .  142 

0.522 

0.620 

0  023 

0.167 

0.920 

0  463 

Sore  eyes. 
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0.533 
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3402 

1.021 

0.411 

0.602 

0  010 

0.223 

0.781 

0.633 

it       t( 

3417 

0.271 

0  416 

1.202 

0  010 

0.246 

0.846 

0.298 

a           it 

3370 

1.021 

0  411 

0  602 

0  130 

0.223 

0.781 

0  633 

it           it 

3366 

0.877 

0  411 

0  602 

0.730 

0  153 

0.781 

0.345 

it           It 

2074 

0.289 

0.809 

0.555 

0  319 

0  076 

1.477 

0.340 

it           it 

3015 

0  353 

0  066 

0  010 

0.035 

0  137 

0.155 

0.153 

Eyes  normal. 

3369-A 

0  559 

0.259 

0.294 

0.076 

0.244 

0.246 

0.456 

Recovery  from  sore 
eves. 

3402-A 

0.925 

0.148 

0.276 

0.063 

0.300 

0.107 

1.013 

Recovery  from  sore 

3305-A 

0.440 

0  155 

0.277 

0.066 

0.250 

0.108 

0.576 

eyes. 
Eyes  remain  normal. 

Rats  recover  from 

ophthalmia  on  this 

diet. 
Sore  eves. 

3418 

0.271 

0  558 

0  039 

0  010 

0.236 

0.846 

0.477 

3442 

0.271 

0.416 

1.202 

0,010  0.162J0, 846 

0  203 

it        it 

2946 

0  440 

0  155 

1.477 

0.066  0,250  0. 1080, 576 

Eyes  normal. 

3003 

0.265 

0.155 

0  003 

0.066  0.084  0.197J0. 837 

it          tt 
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From  a,  study  of  our  data  involving  the  observation  of  rats  on 
numerous  types  of  diets  we  liave  come  to  the  conckision  that  there 
is  a  second  type  of  oplithahnia  produced  by  faulty  diet.  This 
condition  may  or  may  not  be  identical  in  its  finer  details  with  that 
which  results  from  vitamin  A  starvation.     The  second  type  of 

TABLE  V. 

Showing  Types  of  Sail  Supply  ^Vhich  Induce  Ophlhalmia  and  Others  on 
Which  Recovery  Occurs. 


lation  No. 

K 

grn. 

Na 

Ca 

Mg 

gm. 

s 

qm. 

Cl 

P 

gm. 

Remarks. 

gm. 

um. 

gm. 

3369 

1.142 

0.523 

0.620 

0.143 

0.167 

0.920 

0.463 

Eyes  very  sore  in  60 
to  75  days. 

3369-A 

0.559 

0  259 

0.294 

0  076 

0.244 

0  246 

0.456 

Animals  which  de- 
veloped ophthalmia 
on    Diet  3369  re- 
covered promptly  on 
Diet  3369-A. 

3402 

1.021 

0.411 

0.602 

0.010 

0.223 

0.781 

0.633 

Eyes  sore  in  60  to  70 
daj's. 

3402-A 

0  925 

0.148 

0.276 

0.063 

0.300 

0.107 

1.013 

Animals   which   de- 
veloped ophthalmia 
on  Diet  3402,  recover 
on  Diet  3402-A. 

3305-A 

0  440 

0.155 

0.277 

0.066 

0.250 

O.IOS 

0.576 

Recovery  takes  place 
on  this  diet. 

3399 

0.428 

0.126 

0.274 

0.233 

0.237 

0  105 

0.533 

Notwithstanding  the 
high     magnesium 
content  of  this  diet 
the    eyes    remain 
normal.* 

2946 

0.440 

0.155 

1.477 

0.066 

0.250 

0.108 

0.576 

Eyes  normal,  notwith- 
standing the  high 
calcimn  content. 

'  In  our  studies  of  the  nutritive  properties  of  certain  plant  seeds,  we 
have  added  as  much  as  1  per  cent  of  magnesium  oxide  to  the  diet  without 
any  eye  symptoms  or  other  pronounced  ill  effects  appearing  over  periods 
covering  7  to  8  months. 

ophthalmia  we  believe  to  be  caused  1j>-  an  unfavorable  relationship 
between  certain  inorganic  elements  in  the  food  of  the  animals. 
As  far  as  one  can  tell  by  an  inspection  of  the  external  appearance 
of  the  eyes  of  rats  which  aie  suffering  from  the  ophthalmia  duo 
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to  an  excessive  or  an  unfavorable  supply  of  mineral  elements,  the 
condition  is  indistinguishable  from  the  ophthalmia  res\ilting  from 
lack  of  fat-soluble  A. 

Although  we  have  accumulated  experimental  data  which  are 
very  convincing,  we  do  not  regard  the  etiology  of  this  form  of 
ophthalmia  as  completely  elucidated.  Considerable  time  must 
elapse  before  the  completion  of  our  study  of  this  problem.  Since 
there  is  now  great  activity  in  a  number  of  laboratories  in  the  study 
of  the ';  distribution  and  properties  of  fat-soluble  A,  we  report  our 
more  significant  results  because  of  the  danger  that  confusion  may 
result  from  the  feeding  of  diets  containing  even  liberal  amounts 
of  fat-soluble  A,  but  otherwise  so  constituted  as  to  lead  to  the 
development  of  the  ophthalmia  which  we  are  now  discussing,  which 
has  no  connection  with  vitamin  A  deficiency. 

DISCUSSION    OF   T.\BLES. 

In  Table  IV  the  compositions  of  nineteen  diets  are  shown.  Some 
of  these,  as  will  be  seen  in  the  colmnn  under  "Remarks,"  induced 
ophthalmia,  whereas  others  did  not.  Certain  of  the  diets  were 
composed  of  liighlj'  purified  food  substances,  whereas  some  con- 
tained wheat  gluten  and  egg  albmnin  which  had  not  been  treated 
so  as  to  remove  their  non-protein  constituents.  The  salt  mixtures 
employed  in  these  diets  differed  widely  in  composition.  All 
diets  contained  fat-soluble  A,  the  amount  varying  from  the 
minimum  on  which  good  growth  can  be  obtained  to  very  liberal 
quantities  of  this  vitamin.  The  butter  fat  was  found  in  control 
experiments  to  contain  apparently  the  usual  content  of 
fat-soluble  A. 

In  Table  II  the  compositions  of  the  salt  mixtures  employed  are 
given  in  amounts  of  the  salts  used  in  their  preparation. 

In  Table  III  the  compositions  of  the  salt  mixtures  are  given  in 
tenns  of  their  content  of  the  elements  of  physiological  significance. 

Table  IV  shows  the  amounts  of  mineral  elements  in  certain 
diets  on  which  rats  develop  ophthalmia  notwithstanding  the 
presence  of  such  amounts  of  fats  carrying  fat-soluble  A  as  will 
not  only  prevent  xerophthalmia  of  the  vitamm  deficiency  type, 
but  will  promote  growth  and  well  being  over  a  long  period.  The 
salt  composition  of  certain  diets  is  shown  on  which  the  eyes  of 
animals  remain  indefinitely  in  a  nomial.  condition.-    Others  are 


McCoUum,  Simmonds,  and  Becker  319 

tabulated  on  which  ophthahnia  developed,  and  still  others  to 
which  the  rats  were  transferred,  which  led  to  prompt  recovery. 

Whenever  the  new  type  of  ophthalmia  developed  the  ammals 
were  receiving  what  may  be  regarded  as  somewhat  excessive 
amounts  of  total  mineral  nutrients.'    As  will  be  seen  from  Table  1\ 
the  one  element  which  was  constantly  present  m  high  concentra- 
tion was  chlorine.     We  have  not  yet  tested  diets  which  fulfiU  this 
condition,  but  which  were  low  in  their  sodium  content.     We  may 
contrast  on  the  one  hand  Lots  3407,  3408,  3369,  3400,  3401,  3402, 
3417  3370  3366,  2074,  3418,  and  3442,  all  of  which  developed  the 
eye  condition,  with  Lots  3399,  3015,  3369-A,  3402-A,  3305-A 
2946    and  3003,  which  did  not.    At  first  thought  those  which 
received  Salt  Mixture  185  (Lots  3399,  3369-A,  3402-A,  3305-A, 
and  2946)  may  appear  to  form  exceptions  to  this  statement 
An  inspection  of  Table  II  wiU  show,  however,  that  the  3.7  gm.  of 
this  salt  mixture  which  was  contained  in  each  100  gm.  of  food, 
contained  1.30  gm.  of  calcium  lactate,  a  salt  containmg  5  mole- 
cules of  water  and  but  14.48  per  cent  of  calcium.     If  the  calcium 
in  this  mixture  had  been  added  in  the  fonn  of  carbonate  the  total 
amount  of  the  salt  mixture  in  100  gm.  of  the  food  would  have 
amounted  to  but  2.87  per  cent  of  the  diet.     Salt  Mixture  ISa 
does  not  induce  ophthahnia  even  when  fed  supplemented  with 
3  0  per  cent  of  calciiun  carbonate  (Diet  2946),  or  with  potassium 
phosphate  1.7  per  cent  (Diet  3402-A),  or  with  magnesimn  oxide 
0.3  per  cent  (Diet  3399).     These  experhnents  suggest,  therefore, 
that  excessive  calcium,  potassium,  or  magnesium  is  not  the  cause 
of  this  ophthahnia. 

The  most  significant  data  presented  in  the  tables  are  brought 
together  in  Table  V.  Diet  3369  was  very  high  in  potassimn,  and 
contained  somewhat  over  what  we  have  regarded  as  a  satisfactory 
amount  of  sodium,  and  about  the  optimal  calcium  and  phosphorus 
contents,  but  was  very  high  in  chlorine.  This  diet  has  in  our 
experience  invariably  induced  ophthahnia  in  60  to  75  days.  The 
same  may  be  said  regarding  Diet  3402. 

3  When  young  rats  are  restricted  to  a  salt-free  diet  they  also  develop 
an  ophthalmia  which  is  apparently  similar  to  that  described  here  as  the 
result  of  excessive  chlorine  ingestion  (Na?).  The  phenomenon  is,  there- 
fore not  entirely  specific,  but  involves  certain  disturbances  m  the  content 
of  certain  inorganic  ions  in  the  body  fluids.  This  problem  is  receiving 
further  study. 
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Animals  whk-h  had  developed  the  eye  disease  on  Diet  3369 
recovered  promptly  when  Salt  Mixture  XX,  together  with  1.7 
per  cent  of  KH2PO4  was  replaced  by  3.7  per  cent  of  Salt  Mixture 
185.  This  change  reduced  the  content  of  the  diet  in  all  elements 
other  than  sulfur,  which  was  increased  somewhat,  and  phosphorus, 
which  remained  essentially  unchanged.  Animals  fed  Diet  3402 
de\-eloped  ophthalmia  and  recovered  promptly  when  changed  to 
Diet  3402-A,  wliich  differed  only  in  the  salt  mixture  added.  The 
cure  resulted,  although  the  potassium  content  of  the  diet  was 
nearly  doubled.  The  sodium,  calcium,  and  chlorine  were  reduced 
significantly. 

Rats  which  had  developed  ophthalmia  were  also  cured  bj'  trans- 
ferring them  to  Diet  3305-A,  which  contained  only  3.7  per  cent  of 
Salt  iMixture  185.  In  this  case  we  brought  about  a  general 
reduction  of  mineral  elements  in  the  diet. 

Diet  3399  contained  3.7  per  cent  of  Salt  Mixture  185,  together 
with  0.3  per  cent  of  magnesium  oxide.  The  eyes  remained  entirely 
normal.  In  other  experiments  we  have  fed  1.0  per  cent  of  mag- 
nesium oxide  without  causing  ophthalmia.'' 

Diet  2946  contained  3.7  per  cent  of  Salt  Mixture  185,  together 
with  3.0  per  cent  of  calciimi  carbonate.  The  diet  contained  an 
excessive  amount  of  calcium.  The  eyes  of  the  animals  on  this 
diet  remained  normal. 

We  have  repeatedly  observed  that  rats  fed  diets  which  are 
optimal  in  composition  with  respect  to  all  factors  other  than 
fat-soluble  A,  which  is  either  lacking  or  nearly  so,  do  not  all  develop 
xerophthalmia  in  the  same  length  of  time.  It  has  been  our 
experience  that  a  deficiency  of  fat-solulile  A  does  not  cause  xero- 
phthalmia so  cjuickly  when  the  diet  is  optimal  in  respect  to  all 
other  factors  as  it  does  when  one  or  another  factor  other  than 
vitamin  A  is  of  poor  quality.  In  certain  cases  we  have  found  the 
protein  in  the  diet  to  exert  a  protective  action  in  this  respect. 
It  may,  therefore,  be  found  in  further  work  that  a  similar  pro- 
tective action  will  be  exerted  Ijy  other  dietary  factors  in  connection 
with  the  .salt  type  of  ophthalmia. 

CONCLUSIOXS. 

Fi-om  the  data  which  we  have  discussed  it  is  evident  that  the 
one  constant  factor  which  operated  in  the  experiments  in  which 

*  McCollum,  E.  v.,  and  Simmonds,  N.,  Unpublished  data. 
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ophthalmia  was  induced  was  a  high  content  of  chlorine.  It  is 
possible,  however,  that  a  high  sodium  content  in  the  diet  may 
contribute  to  cause  this  pathological  condition.  We  suggest 
provisionally,  therefore,  that  these  are  the  etiological  factors  in- 
volved in  inducing  an  eye  condition  which  may  be  easily  confused 
with  the  xerophthalmia  due  to  lack  of  fat-soluble  A.  It  may,  of 
course,  be  found  that  the  provision  of  e.xcessive  amounts  of  certain 
other  inorganic  elements  may  intensify  the  effect  of  chlorine,  or 
sodium,  or  both,  in  hastening  the  onset  of  the  eye  disease.  The 
whole  question  of  the  interrelation  of  salt  effects  in  mammalian 
nutrition  is  still  little  understood. 

Melhnd  of  Purification  of  Egg  Albumin. 
1  pound  of  commercial  powdered  egg  albumin  (Merck)  was  placed  in 
10  liters  of  distilled  water,  and  stirred  occasionally  until  solution  was  com- 
plete. It  was  then  heated  over  asbestos,  and  when  the  temperature  had 
reached  80°C.  acetic  acid  was  added  in  amount  sufficient  to  cause  com- 
plete coagulation.  After  standing  until  the  solution  had  cooled,  the  water 
was  drained  off  on  cheese-cloth,  the  coagulum  returned  to  the  vessel,  and 
again  brought  to  a  boil  with  water  acidulated  with  acetic  acid.  This 
process  was  repeated  four  times.  Finally  the  albumin  was  drained  on 
cheese-cloth,  and  dried  in  a  current  of  warm  air.  It  was  then  ground  to  a 
powder.  This  treatment  is  sufficient  to  remove  practically  all  of  the 
phosphorus,  chlorine,  and  all  the  basic  elements,  from  egg  albumin. 

Wheal  Gluten. 
500  gm.  of  commercial  wheat  gluten  were  treated  with  .5  liters  of  water 
to  which  acetic  acid  had  been  added  to  make  a  solution  0.2  of  1  per  cent. 
The  gluten  was  kept  in  the  water  and  stirred  at  frequent  intervals.  At 
the  end  of  the  laboratory  day  the  gluten  was  allowed  to  settle,  the  superna- 
tant liquid  removed,  and  replaced  with  a  fresh  solution.  The  treatment 
tvas  continued  during  6  days.  The  gluten  was  finally  strained  off  on 
muslin  iind  dried  in  a  current  of  air.  Wheat  gluten  treated  in  this  way  is 
almost  free  from  phosphorus. 

Purification  of  Slarch. 

5  pounds  of  commercial  corn-starch  were  treated  with  7  liters  of  0.1  per 
cent  hydrochloric  acid.  The  starch  was  st irred  at  frequent  intervals  during 
the  working  day.  The  washing  of  the  starch  with  0.1  per  cent  hydrochloric 
acid  was  continued  during  6  days.  The  starch  was  then  washed  with 
water,  and  the  wet  material  acidified  with  citric  acid  and  placed  in  a  porce- 
lain dish  in  an  .autoclave  and  heated  at  IS  pounds  pressure  for  1  hour  to 
dextrinize  it.     The  dextrin  was  then  dried  with  a  current  of  air. 


CREATININE  AND  CREATINE  IN  MUSCLE  EXTRACTS. 

Ill    CONCERNING  THE  PRESENCE  OF  ENZYMES  IN  MUSCLE 

TISSUE  WHICH  HAVE  CREATINE  AND   CREATININE 

AS  THEIR  SUBSTRATES. 

By  FREDERICK  S.  HAMMETT. 
(Froyn  The  Wistar  Institute  of  Anatomy  and  Biology,  Philadelphia.) 

(Received  for  publication,  June  7,  1922.) 

The  determination  of  the  presence  or  absence  in  muscle  tissue 
of  enzymes  which  affect  the  formation  or  destruction  of  creatine 
and  creatinine  and  the  transformation  of  creatine  to  creatinine  is 
obviously  of  importance  in  connection  with  the  problem  of  urinary 
creatinine. 

GottUeb  and  Stangassinger  (1)  reported  results  which  they 
considered  justified  the  belief  of  the  presence  of  such  enzymes  in 
muscle  tissue.  Their  findings  were  confirmed  by  other  workers. 
Yet  the  negative  results  of  Voegtlin  and  Towles  (2)  and  others 
and  the  fact  that  the  earlier  methods  of  analysis  were  unrehable, 
seemed  to  justify  a  reexamination  of  the  question. 

Both  Myers  and  Fine  (3)  and  Hammett  (4),  using  more  exact 
methods  of  analysis,  observed  that  when  muscle  extracts  are 
aseptically  incubated  at  body  temperature  there  takes  place  in 
them  an  increase  in  creatinine  at  the  expense  of  the  creatine.  Tliis 
would  seem  to  show  that  the  process  is  enz>Tnatic,  were  it  not 
for  the  fact  that  the  same  change  occurs  in  pure  solutions  of 
creatine  in  water,  although  at  a  slower  rate. 

In  the  experiments  to  be  recorded  in  this  paper  the  extracts 
which  were  used  were  made  from  the  striated  muscles  of  mature 
albino  rats  of  both  sexes.  The  muscle  tissue  was  ground  up  in  a 
meat  chopper,  macerated  with  fine  sand  and  an  equal  weight  of 
'  Tyrode's  solution,  and  10  cc.  of  toluene  were  added.  The  juice 
was  then  squeezed  from  the  mixture  by  a  filter  press.  The 
resultant  extract  was  then  diluted  with  an  equal  volume  of 
Tyrode's  solution,  unless  otherwise  noted,  and  5  cc.  portions  were 
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invariablj'  used  for  the  analyses.  The  methods  of  analysis  were 
the  sanie  as  those  previously  described  (4,  5).  The  temperature 
of  the  incubator  was  maintained  at  38°.  The  extracts  were  pro- 
tected from  microorganisms  by  toluene.  All  the  reported  values 
for  creatinine  and  total  creatinine  are  averages  of  duplicate  deter- 
minations. Those  for  creatinine  represent  the  so  called  "pre- 
formed creatinine;"  those  for  total  creatinine,  the  preformed 
creatinine  plus  the  creatine  as  creatinine. 

An  attempt  was  first  made  to  separate  the  accelerating  agent 
from  the  muscle  extracts  by  dialysis.  Samples  of  extract  were 
dialyzed  for  24  hours  in  the  incubator,  either  in  parchment  or 
collodion  thimbles,  against  an  equal  volume  of  Tyrode's  solution. 
An  equal  amount  of  phosphate  buffer  mixture  was  added  to 
each.  This  gave  a  pH  between  6.9  and  7.0,  determined  colori- 
metrically.  After  the  preliminary  period  of  dialysis,  the  dialy- 
sate  and  the  dialyzed  extract  were  separated  and  aliquots  incu- 
bated for  a  second  24  hours.  Table  I  gives  the  results  of  the 
analyses  made  at  the  various  periods. 

It  is  seen  that  the  amount  of  creatinine  formed  in  the  extract 
is  the  same  whether  the  extract  is  diluted  1 : 1  before  incubation 
or  whether  it  is  dialyzed  against  an  equal  volume  of  the  diluent 
during  incubation.  The  almost  uniform  appearance  of  equal 
concentrations  of  creatinine  and  total  creatinine  in  the  dialyzed 
extract  and  the  dialysate  after  24  hours  incubation  shows  the 
easy  diffusibility  of  these  compounds.  The  results  of  the  second 
24  hour  period  of  incubation  are  therefore  strictly  comparable. 

It  appears  from  this  series  of  experiments  as  if  the  muscle  ex- 
tract as  such  provides  a  more  favorable  milieu  for  the  transforma- 
tion of  creatine  to  creatinine  than  does  its  dialysate.  But  since 
the  creatinine  increase  in  the  former  is  only  13.7  per  cent  greater 
than  in  the  latter,  the  evidence  for  an  enzyme  participation  is 
rather  weak;  unless  it  be  believed  that  the  enzyme,  if  present,  is 
dialyzable. 

Since  no  change  in  total  creatinine  occurred  in  these  experi- 
ments or  those  to  follow,  it  is  evident  that  the  increase  in  creatinine 
is  at  the  expense  of  the  creatine. 

These  differences  in  creatinine  might  be  due  to  differences  in 
hydrion  concentration  between  extract  and  dialysate  which  Loeb 
(6)  has  shown  to  exist  in  similar  experiments,  and  from  the  fact 
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that  I  have  shown  such  differences  result  in  differences  in  rate 
of  creatinine  formation  (4). 

During  experiments  which  were  made  in  the  study  of  the  course 
of  the  reaction,  creatine-creatinine,  it  was  noted  that  the  degree 
of  dispersion  of  the  material  in  the  collpid  state'  decreased  with 
time.  Advantage  was  taken  of  this  fact  to  effect  a  partial  separa- 
tion of  the  colloids  from  the  extract  l^y  centrifugation  after  4 
hours  incubation.  The  centrifuged  extracts  were  then  incubated 
further,  and  the  rate  of  creatinine  formation  in  them  compared 
with  uncentrifuged  extracts.  The  results  of  this  series  are  given 
in  Table  II.  The  values  indicate  that  the  partial  removal  of 
colloids  has  slightly  retarded  creatinine  formation.  This  confirms 
the  findings  of  the  dialysis  experiments.  The  degree  of  difference 
is  too  slight  to  allow  the  conclusion  that  enzyme  has  been  pulled 
out  of  the  extract  by  adsorption. 

Attempts  were  next  made  to  destroy  any  enzjaiie  which  might 
be  present  by  NaF,  HgClj,  and  KCN.  The  first  of  these  did  not 
influence  the  reaction  at  all.  The  others  interfered  with  the 
colorimetric  procedm-e  and  were  consequently  useless. 

Studies  were  now  made  of  the  rate  of  creatinine  formation. 
5  cc.  lots  of  muscle  extract  were  placed  in  test-tubes  and  put  in 
the  incubator.  Creatinine  and  total  creatinine  were  determined 
in  the  fresh  extract  and  the  incubated  samples  at  2  hour  intervals 
for  the  ensuing  24  to  30  hours.  The  results  of  two  such  series  are 
plotted  on  Chart  1.  They  show  that  the  rate  of  creatinine  for- 
mation is  more  or  less  periodic.  Phases  of  acceleration,  simulating 
the  course  of  an  autocatalyzed  reaction  are  abruptly  cut  short, 
and  then  the  process  is  relocated.  Similar  periodic  changes  in 
rate  of  reaction  have  been  observed  by  Bredig  and  WeinmajT  (7) 
and  Bray  (8). 

It  was  noticed  during  the  first  of  these  exixBriments  that  marked 
changes  were  taking  place  in  the  degree  of  dispersion  of  the  col- 
loids in  the  muscle  extracts.  There  is  first  a  gel  stage,  and  then 
flocculation  sets  in.  These  changes  occur  gradually.  Similar 
changes  in  colloid  equilibrium  with  time  have  been  noted  by 
du  Noiiy  (9)  in  blood  serum  and  by  Davis,  Oakes,  and  Browne  (10) 

1  From  now  on  the  term  "colloids"  will  be  used  for  the  sake  of  brevity 
instead  of  "materials  in  the  colloid  state." 


T.\BLE  II. 


Effect  of  Partial  Removal  of  Colloid  Material  from  Muscle  Extracts  by  Centri- 

fugation  mi  the  Formation  of  Creatinine  from  Creatine  during  Incuha- 

tion  at  SS'C. 


Series .... 

1 

11 

III 

IV 

A/B 

A/B 

mg. 
0.074 

0.130 
0.117 

A/B 

per 
cent 

11.1 

A/B 

Initial  creatinine. 

mg. 

0.201 

per 
cent 

mff. 

0.059 

0.103 
0.094 

per 
cent 

9.6 

mg. 
0.067 

per 
cent 

Creatinine  after  2  hrs. 

Untreated  extract  A 

Centrifuged  extract  B 

0.107 
0.095 

4.78 

12.6 

Total  creatinine,  initial 

4.89 

4.S0 

4.47 
4.47 

0.187 
0.176 

0.0 
6.3 

6.13 

6.03 
6.13 

-1.6 

Total  creatinine,  2  hrs. 
Untreated  extract  A 

0.304 
0.295 

4.91 
4.96 

3.1 

4.76 
4.78 

Centrifuged  extract  B 

-0.4 

Creatinine  after  24  hrs. 

Untreated  extract  A 

Centrifuged  extract  B 

0.306 
0.295 

3.7 

0.218 
0.193 

4.76 

13.0 

Total  creatinine,  24  hrs. 

Untreated  extract  A 

Centrifuged  extract  B 

-1.0 

4.50 
4.47 

-0.7 

6.03 
6.08 

-0.8 

Creatinine  after  48  hrs. 
Untreated  extract  A 

0.411 
0.408 

0.7 

0.374 
0.338 

10.7 

0.331 
0.336 

4.76 
4.76 

Centrifuged  extract  B 

-1.5 

Total  creatinine,  48  hrs. 
Untreated  extract  A 

4.89 
4.91 

-0.4 

4.47 
4.47 

0.0 

Centrifuged  extract  B 

0.0 

Creatinine  after  72  hrs. 
Untreated  extract  A 

0.515 
0.490 

5.1 

0.485 
0.484 

Centrifuged  extract  B 

0.2 

Total  creatinine,  72  hrs. 
Untreated  extract  A 

4.47 
4.50 

0.7 

4.80 

Centrifuged  e.xtract  B 

Creatinine  after  100  hrs. 
Untreated  extract  A 

0.617 
0.620 

-0.5 

Centrifuged  extract  B 

Total  creatinine,  100  hrs. 
Untreated  extract  A 

4.47 

Centrifuged  extract  B 

328 


Hours 


Chart  1.  Showing  periodicity  in  rate  of  creatinine  formation  during 
incubation  under  toluene  at  38°  at  2  hour  intervals  for  24  and  30  hours. 
Changes  in  total  creatinine  are  also  given. 
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in  gelatin  solutions.     They  are  significant  of  fundamental  phenom- 
ena of  colloid-containing  solutions. 

This  observation  raised  the  suspicion  that  the  changes  in  rate 
of  creatinine  formation  might  be  due  to  the  changes  in  the  colloid 
state  of  the  extract.  A  study  of  the  amount  of  material  precipi- 
tated by  uniform  centrifugation  at  2  hour  intervals  during  incu- 

TABLE  III. 

Showing  Changes  in  Degree  of  Dispersion  of  the  Colloid  System  in  Muscle 
Extracts  during  Incubation  at  38°C.  as  Determined  by  Centrifugation. 


Time  in  hours. 

I 

II 

III 

IV 

V 

cc. 

cc. 

cc. 

CC. 

cc. 

Fresh. 

0.07 

0.03 

0.02 

0.04 

0.02 

1 

0.08 

0.07 

0.08 

0.04 

0.02 

2 

0.21 

0  16 

0.19 

0.07 

0.07 

4 

0.40 

0.45 

0.30 

0.35 

0.30 

6 

0.40 

0.40 

0.30 

0.31 

8 

0.37 

0.42 

0.30 

0.35 

0.40 

ID 

0.41 

0.40 

0.34 

0.39 

12 

0.41 

0.39 

0.30 

0.40 

0.39 

14 

0.37 

0.49 

0.30 

0.39 

16 

0.40 

0..50 

18 

0.4.3 

0.50 

0.30 

20 

0.43 

0.50 

0.33 

22 

0.41 

0.52 

0.37 

0.39 

24 

0.50 

0.52 

0.31 

0.41 

26 

0.33 

28 

0.31 

30 

0,48 

48 

0..52 

0.50 

0.33 

0.49 

72 

0.68 

0.47 

0.49 

96 

0.68 

0.53 

0.33 

120 

0.71 

0.3S 

168 

0.70 

0.63 

bation  was  made,  using  5  cc.  lots  of  extract.  The  results  are 
given  in  Table  III.  They  show  that  changes  take  place  in  the 
amount  of  prccipitable  matter  of  muscle  extracts  during  incuba- 
tion. It  is  evident  that  in  the  first  24  hour  period  the  number  and 
extent  of  these  changes  are  greater  than  in  later  periods.  The 
equilibrium  which  are  established  after  each  change  tends  to  be 
fairly  stable  for  increasing  periods.     These  facts  can  be  correlated 
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with  the  changes  in  rate  of  creatinine  formation  since  the  perio- 
dicity is  only  observed  during  the  first  24  hours.  Usually  by  30 
hours  the  course  of  the  curve  becomes  regular.  Moreover,  it 
can  be  seen  from  Chart  1  that  the  early  changes  in  rate  of  creati- 
nine formation  are  in  short  periods,  and  that  the  periods  tend  to 
lengthen  with  time.  A  third  correlation  which  is  suggestive, 
is  that  in  general  the  points  where  the  changes  in  amounts  of  pre- 
cipitable  material  occur  are  associated  with  the  points  where 
abrupt  changes  are  taking  place  in  rate  of  creatinine  formation. 
Further  proof  that  the  hypothesis  expressed  above  is  well  founded 
was  obtained  when  the  muscle  extracts  were  deproteinized  and 
then  incubated. 

Attempts  at  deproteinization  with  animal  charcoal  were  un- 
satisfactory because  of  adsorption  of  creatinine  and  creatine. 
The  writer,  therefore,  decided  to  attempt  removal  of  the  colloids 
from  the  extract  by  boiling,  because  it  was  hoped  that  a  study 
of  the  creatinine  formation  in  boiled  exiract  would  also  show 
-whether  the  reaction  is  catalyzed  by  an  enzyme  or  not. 

400  cc.  of  undiluted  extract  were  prepared  and  divided  into  two 
lots  of  200  cc.  each.  To  one  lot  there  were  added  200  cc.  of 
Tyrode's  solution  and  16  cc.  of  the  buffer  mixture.  The  second 
lot  was  delivered  in  a  thin  stream  from  a  pipette  into  150  cc.  of 
boiling  Tyrode's  solution,  which  was  maintained  at  the  boiling 
point  throughout  the  addition  of  the  extract  and  boiled  for  1 
minute  after  all  the  extract  had  been  added.  The  whole  was  then 
rapidly  cooled  in  ice-cold  water,  transferred  to  a  graduated  cyl- 
inder, made  to  400  cc.  with  Tyi'ode's  solution  and  16  cc.  of  buffer 
mixture  were  added.  The  solution  was  then  mixed  by  shaking 
and  filtered  through  glass-wool.  When  5  cc.  lots  of  the  boiled 
and  unboiled  extract  were  incubated  it  was  found  that  the  rate 
of  creatinine  formation  during  24  hours  as  determined  at  2  hour 
intervals,  was  slightly  greater  in  the  former  than  in  the  latter. 
Moreover,  the  boiled  extract  did  not  show  the  periodic  changes 
in  rate  of  creatinine  formation  shown  in  the  unboiled  extract.  The 
total  creatinine  content  of  the  two  sets  of  extract  was  the  same. 
The  creatinine  was  slightly  increased  by  boiling. 

However,  it  seemed  possible  that  there  might  be  produced 
catalyzing  agents  in  the  boiled  Tyrode's  solution  from  the  well 
known  destructive  action  of  alkalies  on  glucose.     Consequently  a 


Chart  2.  Comparison  of  the  creatinine  in  boiled  and  unboiled  muscle 
extracts  when  incubated  under  toluene  for  12  hours  at  38".  Analyses  were 
made  every  2  hours.  Also  record  of  the  precipitate  obtained  by  centrifu- 
gation  of  5  cc.  samples  of  unboiled  extract. 
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lot  of  400  cc.  of  extract  was  prepared  using,  this  time,  distilled 
water  instead  of  Tyrode's  solution  as  the  diluent  for  the  macerated 
tissue.  The  procedure  described  in  the  preceding  experiment  was 
followed,  save  that  the  diluent  for  the  unboiled  extract  and  the 
extract  which  was  boiled  was  0.1  per  cent  Na2C03.  After  the 
boiled  sample  had  been  cooled  and  made  to  the  desired  volume, 
there  were  added  to  both  the  boiled  and  the  unboiled  extracts 
the  amounts  of  salts  equivalent  to  those  present  in  an  equivalent 
volume  of  Tyrode's  solution.     After  buffering,  5  cc.  lots  of  each 

TABLE  IV. 

Effect  of  Boiling  on  the  Formation  of  Creatinine  from  Creatine  in  Muscle 
Extracts  Incubated  at  38°C. 


I 

II 

Hours. 

Creatinine. 

Total 
creatinine. 

Creatinine. 

Total 
creatinine. 

■2 

1 

•6 
'o 

X! 

C 

O 

d 

1 

a 

'5 

m 

•d 

JO 

1 

C 

3 

S 

c 

1 

a 

■a 

1 

•d 

.S 
■3 

a 
D 

mg. 

mg. 

per  cent 

mg. 

mg. 

mg. 

mg. 

per  cent 

mg. 

mg. 

Fresh. 

0.042 

0.031 

35.6 

4.39 

4.37 

0.045 

0.034 

32.4 

4.67 

4.63 

12 

0.164 

0.124 

32.4 

4.39 

4.37 

0.156 

0.135 

15.5 

4.57 

4.63 

24 

0.226 

0.233 

-  5.3 

4.41 

4.37 

0.232 

0.241 

-  6.4 

4.65 

4.65 

48 

0.371 

0.365 

2.6 

4.37 

4.41 

72 

0.473 

0.480 

-   1.4 

4.35 

4.41 

96 

0.58S 

0.5&4 

-  0.8 

4.35 

4.41 

0.746* 

0.744* 

1.1 

4.63 

4.63 

120 

0.738 

0.728 

1.4 

4.41 

4.41 

*  Temperature  rose  to  39°C. 


were  incubated  as  usual.  The  results  of  the  creatinine  deter- 
minations are  plotted  on  Chart  2.  There  were  no  changes  in 
total  creatinine. 

It  is  quite  evident  that  the  removal  of  the  coUoids  has  done 
away  with  the  abrupt  changes  in  the  rate  of  creatinine  formation. 
It  is  also  evident  that  the  rate  of  creatinine  formation  in  the 
boiled  extract  runs  along  with  that  of  the  unboiled  extract  and  at 
times  is  slightly  greater.  The  course  of  the  reaction  in  both 
extracts  is  practically  the  same  for  days  thereafter  as  shown  in 
Table  IV. 
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This  scrios  of  experiments  gave  rise  to  the  idea  that  possibly 
the  cause  of  the  abrupt  changes  in  rate  of  creatinine  formation 
in  the  muscle  extract  might  be  an  adsorption  of  the  creatinine 
by  the  colloids. 

Therefore,  a  large  amount  of  extract  was  prepared.  1.5  cc. 
lots  were  put  into  a  series  of  test-tubes  and  5  cc.  lots  into  another. 
After  incubation  for  4  or  6  hours  the  1.5  cc.  lots  were  centrifuged 
and  creatinine  and  total  creatinine  determined  in  5  cc.  lots  of  the 
supernatant  liquid,  the  5  cc.  of  precipitated  material,  and  the 
uncentrifuged  extracts.     The  results  are  given  in  Table  V. 

T.\BLE  V. 

Absorption  of  Creatinine  by  the  Colloids  Precipitated  on  Centrif  ligation  of  the 

Muscle  Extracts. 


Fresh  extract. 

Centrifugation  after  4  hours  incubation  at  38°C. 

Series. 

Creati- 
nine. 

Total 
creati- 
nine. 

Creatinine. 

Total  creatinine. 

A 

In  pre- 
cipi- 
tate. 

B 
In 

super- 
natant 
fluid. 

Differ- 
ence be- 
tween 
A  and 
B. 

C 

.Vot 
centri- 
fuged. 

nig. 

0.081 
0.083 

Differ- 
ence be- 
tween 
A  and 
C. 

In  pre- 
cipi- 
tate. 

In 

super- 
natant 
fluid. 

Not 
centri- 
fuged. 

I 

II 

III 

0.036 
0.C38 
0.039 

4.23 
4.04 

mg. 
0.087 

0.093 
0.105 

mg. 

0.081 
0.080 
0.085 

percent 

7.4 
16.2 
23.5 

peT  cent 

14.8 
26.5 

mg. 

4.25 
4.00 

mg. 

4.27 
4.02 

mg. 

4.30 
4.02 

Centrifugation  after  6  hours  incubation  at  38°C. 


IV 
V 

0.0.38 
0.039 

4.23 
4.04 

0.122 
0.156 

0.105 
0.131 

16.1 
19.1 

0.105 
0.125 

16.1 

24.8 

4.28 
4.04 

4.30 
4.05 

4.27 
4.04 

It  is  seen  that  there  is  definite  adsorption  of  creatinine  but  not 
of  creatine.  The  absolute  amount  adsorbed  is  too  small  to  be 
detected  in  the  values  for  total  creatinine  since  the  clelicacj^  of 
this  method  is  not  of  the  same  order  as  is  that  for  creatinine. 

The  results  of  the  foregoing  experiments  demonstrate  that  the 
periodicity  in  rate  of  creatinine  formation  during  the  first  24 
hours  of  incubation  is  due  to  changes  in  the  state  of  the  colloids 
in  the  muscle  extracts  and  that  adsorption  of  creatinine  may 
play  a  significant  role.  They  are  suggestive  in  their  general 
physiological  relationships.  For  not  only  is  it  true  that  changes 
in  chemical  composition  of  a  colloid-containing  solution  influence 
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the  state  of  the  colloids  therein,  but  it  is  also  here  demonstrated 
that  changes  in  the  state  of  colloids  influence  the  rate  of  chemical 

reaction.  . 

The  creatinine  formation  during  a  period  of  264  hours  autolysis 
was  studied.  The  contents  of  the  tubes  were  kept  constant  at 
.5  cc.  Ijy  the  addition  of  a  few  drops  of  distilled  water  when  neces- 
sary. Daily  additions  of  0.5  cc.  of  toluene  were  made.  No 
changes  in  total  creatinine  occurred.  Thus  there  is  no  evidence 
of  there  being  present  in  muscle  extract  any  enzyme  which  de- 

TABLE  VI. 

Velocity  Co7islanls  (fc  =  -  log  e  — )   of  the  Formation    of  Creatinine  from 

Creatine  in  Muscle  Extracts  during  Incubation  under  Toluene  at  S8°C. 


.A 

B 

Creatine,  mg,. . . 

a  — 

5  48 

a  =6  78 

Time  ((). 

Creatinine  (i). 

Constant  (fc). 

Time  (I). 

Creatinine  (x). 

Constant  (*). 

hrs. 

Trig. 

hrs. 

mg. 

3-t 

0.218 

0.00163 

24 

0.264 

0.00163 

48 

0.331 

0.00129 

48 

0.418 

0.00137 

72 

0.485 

0.00138 

75 

0.550 

0.00119 

100 

0.649 

0.00137 

96 

0.643 

0.00110 

120 

0.743 

0.00133 

120 

0.746 

0.00106 

144 

0.808 

0.00123 

144 

0.831 

0.00099 

168 

0.920 

0.00122 

168 

0.944 

0.00098 

192 

1.000 

0.00119 

192 

1.020 

0.00094 

216 

1.090 

0.00116 

216 

1.110 

0.00093 

240 

1.180 

0.00115 

243 

1.230 

0.00093 

264 

1.300 

0.00117 

264 

1.338 

0.00095 

stroys  or  forms  creatine  or  destroys  creatinine.  The  velocity 
constants  of  the  reaction,  creatine-creatinine,  are  given  in  Table 
VI,  together  with  the  data  from  which  they  were  calculated  by 
the  formula  for  monomolecular  reactions.  While  k  is  originally 
high  it  decreases  to  an  approximately  uniform  value.  It  is  plain 
that  the  reaction,  in  its  later  stages  at  least,  is  monomolcculai-. 
It  is  my  belief  that  the  changes  in  the  value  of  k  are  due  to  the 
disturbing  influence  of  the  colloids  of  the  extract. 

The  writer,  therefore,  concludes  that  there  are  no  enzymes  pres- 
ent in  or  produced  by  muscle  tissue  as  such,  which  form  or  destroy 
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creaiine  or  creatinine  or  affect  the  transformation  of  creatine  to 
creatinine. 

The  formation  of  creatinine  from  creatine  is,  however,  a  cata- 
lyzed reaction.  It  is  a  type  of  catalysis  that  I  will  call  "bio- 
catalysis."  This  differentiation  is  justified  by  the  fact  that  it  is 
neither  enzymatic  catalysis,  nor  catalysis  as  usually  understood, 
in  that  the  active  agent  is  not  an  added  foreign  substance  but  is 
the  milieu  of  the  living  tissue. 

Biocatalj'sis  is  the  non-enzymatic  catalysis  of  a  reaction  by 
the  milieu  afforded  by  living  tissue,  in  which  the  soluble  organic 
and  inorganic  constituents  and  the  state  of  the  colloid  material 
play  the  significant  role.  It  is  possible  that  some  of  what  has 
been  hitherto  designated  as  enzyme  activity  may  be  found  on 
closer  analysis  to  be  biocatalysis. 

With  regard  to  the  origin  of  the  urinary  creatinine  it  is  quite 
clear  that  although  no  enzjine  activity  is  concerned,  muscle  tissue 
may  afford  a  milieu  in  which  the  transformation  of  creatine  to 
creatinine  occurs  by  ^'irtue  of  the  biocatalytic  properties  of  its 
constituents.  Hence  the  probability  that  this  change  occurs  in 
the  organism  and  gives  rise  to  the  urinary  creatinine  is  further 
supported. 

CONCLUSIONS. 

1.  Creatinine  and  creatine  are  easily  dialyzable  substances. 

2.  The  transformation  of  creatine  to  creatinine  in  muscle 
extracts  is  a  reaction  of  the  first  order  which  is  masked  in  its  early 
stages  by  changes  taking  place  in  the  state  of  the  colloids  of  the 
extracts. 

3.  From  the  fact  that  the  amount  of  creatinine  formed  in  dia- 
lyzed  extracts  is  but  slightly  greater  than  that  fonned  in  the 
dialysates  of  such  extracts,  and  from  the  fact  that  the  increased 
creatimne  formation  in  non-centrifuged  extracts  as  compared 
with  centrifuged  extracts  on  incubation  is  also  small,  and  from  the 
fact  that  the  rate  of  creatinine  formation  in  boiled  extracts  is  no 
less  than  that  of  unboiled  extracts  it  is  concluded  that  no  enzjTue 
participates  in  the  transformation  of  creatine  to  creatinine  in 
muscles. 

4.  As  no  changes  occur  in  the  total  creatinine  content  of  muscle 
extracts  in  an}-  of  the  procedures  described  it  is  concluded  that 
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there  is  no  enzyme  in  muscle  tissue  which  destroys  or  forms  crea- 
tine or  creatinine. 

5.  From  the  fact  that  the  rate  of  transformation  of  creatme  to 
creatinine  in  muscle  extract  is  some  three  or  four  times  as  great 
as  that  taking  place  in  water  solutions  of  the  pure  compound,  and 
from  the  results  of  the  expermients  detailed  in  this  paper,  it  is 
clear  that  muscle  tissue  provides  a  milieu  particularly  favorable 
for  this  change.  It  is  suggested  that  such  types  of  acceleration 
be  designated  as  biocatalytic  in  distinction  from  those  brought 
about  by  enzymes  and  those  induced  by  the  addition  of  substance 
foreign  to  the  organism. 
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AN  ANALYSIS  OF  CAMEL'S  COLOSTRUM. 

By  HELEN  L.  FALES. 

(From  the  Laboralories  of  The  Rockefeller  Institute  for  Medical  Research  and 
ike  Babies'  Hospital,  New  York.) 

(Received  for  publication,  June  8,  1922.) 

Through  the  courtesy  of  Doctor  W.  T.  Hornaday  of  the  New 
York  Zoological  Society  we  were  able  to  obtain  for  analysis  a  sample 
of  the  colostrum  of  a  Bactrian  camel,  2  days  after  parturition. 
Since  reports  of  analyses  of  milks,  other  than  those  of  the  cow  and 
goat,  are  none  too  plentiful  it  seems  of  possible  value  to  have  a 
published  recortl  of  this  analysis. 

Colostrum  from  Bactrian  Camel— 2nd  Day  after  Parturition. 

Volume  of  sample 165  cc. 

Appearance Thick  and  rich,  not  yellow  but  creamy  white. 

Taste Bland,  less  taste  than  cow's  milk.     Absolutely  no 

unpleasant  odor. 
Reaction Slightly  amphoteric  to  litmus,  acid  reaction  more 

marked. 

Specific  gravity 1038 

Yii,i  7.4     per  cent 

„      4  •>       '•      " 

Sugar *■- 

Protem °-* 

Casein ^-^ 

Albumin O-^ 

Globulins,  etc OS 

Ash 0.893 

CaO 0.272 

MgO 0.025 

P.0, 0.318 

K,0 0.164 

Na,0 0.082 

CI : 0.128 
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EFFECTS  OF  ETHER  ANESTHESIA  ALONE  OR  PRECEDED 

BY  MORPHINE  UPON  THE  ALKALI  METABOLISM 

OF  THE  DOG.* 

By  R.  L.  STEHLE,  W.  BOURNE,  and  H.  G.  BARBOUR. 

{From    the   Department    of   Pharmacology,    McGill    University,    Montreal, 

Canada.) 

(Received  for  publication,  June  14,  1922.) 

The  purpose  of  the  experiments  to  be  described  was  to  obtain 
further  Hght  upon  the  interrelations  between  the  alkali  reserve 
and  hydrogen  ion  concentration  of  the  blood  and  the  sodium  and 
potassium  content  of  the  urine  during  tlie  anesthesia  produced 
by  ether  alone,  as  well  as  by  ether  and  morphine  together.  Con- 
cerning the  alkaU  reserve  of  the  blood  during  ether  anesthesia,  in 
view  of  data  already  avaUable,  no  doubt  exists  that  the  bicarbonate 
becomes  lowered  in  this  condition.  Furthermore,  evidence^  is 
accumulating  (1)  that  ether  anesthesia  increases  the  hydrogen  ion 
concentration  of  the  blood. 

The  rate  of  sodium  and  potassiimi  excretion  by  the  kidneys  m 
the  normal  and  anesthetized  animal  is  interesting  in  connection 
with  some  of  the  explanations  which  have  been  given  to  account 
for  the  low  alkali  reserve  of  anesthesia.  If  the  duninution  is  due 
to  the  neutralization  of  the  bicarbonate  by  organic  acids  resulting 
from  incomplete  oxidation,  some  increase  in  the  sodium  and  potas- 
sium content  of  the  urine  might  be  expected.  If,  on  the  other 
hand,  the  alkali  during  anesthesia  merely  leaves  the  blood  for  the 
tissues  in  a  compensatory  fashion,  to  maintain  a  constant  COj: 
NaHCOs  ratio,  then  one  would  expect  no  change  in  the  rate  of 
alkali  excretion. 

Methods. 

Dogs  weighing  10  to  15  kilos  were  employed.     In  some  cases 
they  were  maintained  upon  a  uniform  diet  consisting  of  ground 

♦  The  expenses  of  these  investigations  were  defrayed  chiefly  from  the 

James  Cooper  Endowment. 
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beef  heart,  crackers,  and  agar-agar;  in  other  experiments  the 
animals  were  kept  fasting.  After  two  24  hour  control  periods 
blood  was  drawn  and  the  animal  was  then  anesthetized  by  placing 
it  in  a  glass  box  which  could  be  closed  tightly.  Air  saturated 
with  ether  vapor  was  blown  through  the  box.  In  this  manner 
the  animal  succumbed  so  easily  (in  4  to  6  minutes)  that  there  was 
practically  no  struggling.  As  soon  as  anesthesia  was  complete 
the  animal  was  placed  upon  an  operating  table,  and  by  intra- 
pharyngeal  administration  of  ether  kept  in  the  first  stratum  of 
the  third  stage  of  anesthesia.  Blood  was  again  drawn  immediately 
and  later  at  the  times  mentioned.  The  minimum  period  of  ether 
administration  was  3  hours.  The  modifications  of  the  procedure 
in  the  morphine-ether  experiments  may  readily  be  understood 
from  the  tables. 

Blood  CO2  capacity  was  determined  by  the  method  of  Van 
Sl.yke;  hydrogen  ion  concentration  colorimetrically  by  the  method 
of  Dale  and  Evans  (2). 

Sodium  and  potassium  in  the  urine  were  weighed  as  the  combined  sul- 
fates and  potassium  was  then  determined  in  the  mixture  by  the  cobaltic 
nitrite  method  described  by  Drushel  (3).  To  obtain  the  mixed  sulfates 
the  urine  was  ashed  by  adding  it  dropwise  to  boiling  sulfuric  acid  in  a 
Pyrex  Kjeldahl  flask.  The  sulfuric  acid  was  then  transferred  to  a  6  inch 
evaporating  dish,  and  after  evaporating  the  water  on  a  water  bath  the 
excess  sulfuric  acid  was  driven  off  with  a  free  flame.  The  residue  was  taken 
up  with  water  and  saturated  barium  hydroxide  solution  was  added  until 
there  was  no  further  precipitation.  The  volume  was  then  made  up  to 
100  cc,  centrifuged,  and  a  suitable  portion  taken  for  continuing  the  anal- 
ysis. To  this  portion  sulfuric  acid  was  added  to  remove  the  barium,  and 
after  concentrating  it  on  a  hot-plate  the  barium  sulfate  was  filtered  off  with 
a  Gooch  crucible.  The  filtrate  was  concentrated,  evaporated  in  platinum, 
and  ignited. 

Ether  Experiments. 

The  results  of  anesthesia  with  ether  alone  are  presented  in 
Tables  I  and  II  (fed  dogs)  and  III  and  IV  (fasted  dogs). 

H  ion  C oncejitmtion  of  the  Blood. — In  Experiments  1,  6,  and  8 
the  hydrogen  ion  concentration  was  increased  after  2  hours  of 
ether  anesthesia;  in  Experiment  2  no  decided  increase  occurred 
but  there  was  a  tendency  in  that  direction.  The  changes  noted 
are  considerably  smaller  than  those  reported  bj-  Atkinson  and 
Ets  (1).  It  is  worth  noting  that  the  induction  of  the  anesthesia 
itself  produced  no  change  in  reaction. 
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T.\BLE  i. 
Experiment  1. 


Urine.' 

Blood. 

Period. 

Conditinn. 

z 

Jan.  18 

2 

8 

a.m. 

1 

Normal. 

3.65 

2.05 

1.60 

11.45 

Blood. 

7.50 

59 

2 

« 

3.41 

1.85 

1.56 

12.14 

Ether  begun. 

3a 

Ether. 

0.138 

0.068 

0.07 

12.30 

Blood. 

7,50 

45 

3a 

Calculated  to 

0.662 

0.326 

0.336 

2.35 

(( 

7.30 

41 

3b 

24  hr.  basis. 
Part,  of  urine 

3.25 

H 

7.37 

3a  +  3b 

lo.st. 

3.50 

"         Ether 
discon- 
tinued. 

32 

4 

Normal. 

3.24 

1.67 

1.57 

'  Animal  catheterized  at  11.00  a.m.,  daily. 

TABLE  II. 

Experiment  S. 


Urine." 

Blood. 

Period. 

Condition. 

1 

a: 

z 

o 
\2 

Jan. 25 

"S. 

o 

o 

a.m. 

1 

Normal. 

3.12 

1.86 

1.26 

11.35 

Blood. 

7.38 

47 

2 

IC 

2.93 

1.45 

1.48 

12.14 

Ether  begun. 

3a 

Ether. 

0.392 

0.210 

0,182 

12.34 

Blood. 

7.44 

42 

3a 

Calculated  to 
24  hr.  basis. 

2.00 

1.06 

0.920 

2.36 

H 

7.35 

3b 

Remainder  of 

3.23 

1.66 

1.57 

2.41 

it 

32 

3a -f  3b 

day. 
Total  anes- 
thesia day. 

3.62 

1.87 

1.75 

3.35 

Ether 
discon- 
tinued. 

7.32 

29 

■    4 

Normal. 

2.93 

1.51 

1.42 

'  Animal  catheterized  aMl.OO  a.m.,  daily. 
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TABLE  II 

. 

Experiment  6. 

Urine.* 

Blood. 

Period. 

^ 

^ 

Condition. 

'S+i^ 

m 

o 

Apr.  1 

P, 

Z     l£ 

Z 

X 

a 

o 

a.m. 

1 

Normal. 

1.50 

0.12 

1.38 

11.00 

Blood. 

7.50 

47 

2 

tt 

0.90 

0.07 

0.83 

11.55 

Ether  begun. 

3a 

Ether. 

0.078 

0.041 

0.037 

12.15 

Blood. 

7.57 

36 

3a 

Calculated  to 
24  hr.  basis. 

0.546 

0.283 

0.255 

2.00 

a 

7.34 

22 

3b 

Remainder  of 
day. 

1.53 

0  45 

1.08 

3.05 

Ether 
discon- 

7.28 

19 

3a  +  3b 

Total  anes- 
thesia day. 

1.608 

0.491 

1.117 

tinued. 

4 

0.568 

0.00 

0.568 

*  Animal  catheterized  at  11.30  a.m.,  daily. 

T.\BLE  IV. 

Experiment  8. 

Urine.' 

Blood. 

Period. 

, 

^ 

Condition. 

CO   <  O 

cn 

^ 

May  19 

„ 

z     « 

& 

^ 

a.m. 

Q. 

o 
o 

1 

Normal. 

1.14 

0.545 

0.595 

11.40 

Blood. 

7.42 

2 

it 

1.50 

0.646 

0.854 

12.23 

Ether  begun. 

3a 

Ether. 

0.032 

0.000 

0.032 

12.45 

Blood. 

7.37 

30 

3a 

Calculated  to 
24  hr.  basis. 

0.154 

0.000 

0.154 

2.25 

(( 

7.29 

24 

3b 

Remainder  of 
day. 

1.90 

0.51 

1.39 

3.30 

Ether 
discon- 
tinued. 

7.26 

17 

3a  +  3b 

Total  anes- 
thesia day. 

2.05 

0.51 

1.54 

4 

Normal. 

0.598 

0.242 

0.356 

'  Animal  catheterized  at  11.30  a.m.,  daily. 
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Alkali  Reserve  of  the  Blood.— Thin  was  lowered  in  all  four  ether 
experiments.  The  decline  appears  to  begin  soon  after  the  induc- 
tion of  anesthesia  and  in  advance  of  the  increase  in  hydrogen  ion 
concentration.  The  CO2  decrease  occurred  earlier  than  in  Carter's 
(4)  experiments. 

Sodium  and  Potassium  of  the  LVme.— During  ether  anesthesia 
the  rate  of  sodium  and  potassium  excretion  was  greatly  decreased. 
The  most  plausible  explanation  for  this  appears  to  be  the  anuria 
which  accompanies  ether  anesthesia  (5). 

In  the  postanesthetic  period  the  rate  of  sodium  and  potassium 
excretion  was,  however,  increased,  and  to  such  an  extent  that  the 
total  excretion  of  these  alkalies  for  the  experimental  day  was 
abnomially  high.  The  latter  fact  is  most  apparent  in  the  fasting 
experunents  (Experiments  6  and  8).  In  these  the  alkaU  loss 
suffered  is  reflected  in  the  low  figures  for  the  4th  day  (normal). 
This  may  be  due  to  the  greater  physiological  necessity  for  conserving 
these  two  ions  than  exists  in  the  experiments  in  which  the  anunals 
were  fed  a  diet  providing  an  abundance  of  sodiimi  and  potassium. 
Experiment  6  was  performed  upon  a  pregnant  animal,  near  term, 
and  Experiment  8  upon  the  same  animal  about  3  weeks  after 
dehvery.  The  tenacity  with  which  sodimn  is  conserved  is  well 
shown,  in  the  first  instance  especially. 

A  possible  explanation  for  the  postanesthetic  increase  in  sodium 
and  potassium  excretion  is  that  during  the  period  of  anesthesia 
acid  substances  are  fomied  and  retained  in  the  body  as  salts 
until  the  discontinuance  of  the  ether.  The  present  experiments 
afford  no  light  on  the  nature  of  these  acids,  or  even  upon  their 
existence. 

Morphine-Ether  Experiments. 

The  results  of  anesthesia  with  ether  preceded  by  morphine  are 
presented  in  Tables  V  and  VI  (fed  dogs)  and  Yll  and  VIII  (fasted 
dogs). 

Alkali  Reserve  of  the  Blood.— Whereas  when  morphine  is  admm- 
istered  alone  the  alkali  reserve  actually  increases  (6),  this  result 
of  our  experiments  was  influenced  by  the  concomitant  and  opposite 
action  of  ether,  so  that  practically  no  change  occurred.  Experi- 
ment 7  was  an  exception,  a  decided  diminution  in  the  alkali 
reserve  being  noted. 
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T.ABLE  V. 
Experiment  3. 


Urine.' 

Blood. 

Period. 

k 

Condition. 

o 

CO 

o 

Feb.  2 

Sii 

ca 

X 

o 

•z 

z 

a 

c 

o 

a.m. 

1 

Normal. 

3  04 

1.06 

1.98 

10  30 

Blood. 

7.50 

59 

o 

" 

2.21 

1.36 

0.85 

11.10 

Morphine. 

3a 

Ether. 

1.80 

1.40 

0.396 

11.55 

Blood. 

7.40 

54 

3a 

Calculated  to 
24  hr.  basis. 

9.54 

7.42 

2.10 

12.20 

Ether  begun. 

3b 

Remainder  of 
day. 

3.07 

1.04 

2.03 

12.35 

Blood. 

7.40 

57 

3a  +  3b 

Total  anes- 
thesia day. 

4.87 

2.44 

2.426 

2.20 

3.30 
3.42 

it, 
It 

Ether 
discon- 
tinued. 

7.35 
7.45 

69 

58 

*  Animal  catheterized  at  11.30  a.m.,  daily. 

TABLE  VI. 
Experiment  4. 


Urine.' 

Blood. 

Period. 

Condition. 

+  . 

o 

1 
z 

§ 
w 

Mar.  17 

a 

d 

a.m. 

1 

Normal. 

3.53 

1.90 

1.63 

10.00 

Blood. 

7.50 

50 

2 

" 

3.62 

2.30 

1.32 

10.55 

p.  m. 

Morphine. 

3a 
3a 

Ether  begun. 
Calculated  to 

1.29 
7.74 

0.76 
4.56 

0.53 
3.18 

12.10 
12.12 

Blood. 
Ether"  begun. 

7.34 

53 

24  hr.  basis. 

12.30 
1.50 
2.30 
3.30 

Blood. 

Ether 
discon- 
tinued-. 

7.23 
7.33 
7.20 
7.25 

61 

47 
50 

*  Animal  catheterized  at  11.30  a.  m.,  daily. 
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T.XBLE  VII. 

Experiment  5. 

Urine 

' 

Blood. 

Period. 

Condition. 

+  , 

i, 

z 

o 

Mar.23 

X 

a. 

d 



a.m. 

1 
2 

Normal. 
It 

0  83 
0.83 

0.22 
0.14 

3  61 
3.69 

10.00 
10  55 

Morphine. 

47 

3a 
3a 

Ether. 
Calculated  to 

1  10 
6  60 

0.38 

2.28 

0.72 
4.32 

12.15 
12.18 

Blood. 
Ether  begun. 

41 

3b 

24  hr.  basis. 
Remainder  of 

1.73 

0.15 

1.58 

12.30 

Blood. 

7.32 

40 

3a  +  3b 

4 

day. 

Total    anes- 
thesia day. 

Normal. 

2.83 
0.23 

0.53 
0.10 

2.30 
0.13 

2.30 
3.30 

Ether 
discon- 
tinued. 

7.32 
7.34 

46 
42 

*  Animal  catheterized 

It  11.30  a.m.,  daily. 

T.\BLE  VIII. 

Experiment  7. 

Crir 

.e.' 

Blood. 

Period. 

Condition.          ^ 

4 

S 
z 

o 

.\pr.  6 
a.m. 

'ft 

p 

1 

2 

3a 

3a 

Normal. 

Ether. 

Calculated  to 
24  hr.  basis. 

)..523 
3.706 
1.22 
7.32 

0.078 
0.071 
0,398 
2.388 

0.445 
0.635 
0.822 
4.932 

10. 0( 
10. 3( 
11. 5( 
11.5 

p.m 

)   Blood. 
)   Morphine. 

3 

3  Ether  begun. 

7.39 
7.37 

42 
40 

3b 

Remainder  of 

2.10 

0.30 

1.80 

12.1 

0   Blood. 

7.4( 

)   43 

3a  +  31 

day. 
)    Total  anes- 

3.32 

0.69S 

5  2.622 

2.1 

tt 

0 

7.3( 

5   28 

thesia  day. 

3.2 

0       "        Ether 
discontin- 
ued. 

7.3, 

5   30 

*  Animal  catheterized  at  11.30  a.m.,  daily. 


348  Alkali  Metabolism  of  the  Dog 

H  Ion  Concentration  of  the  Blood.  —The  tendency  for  the  hydro- 
gen ion  concentration  to  increase  was  less  marked  than  when  ether 
alone  was  administered;  though  in  Experiment  4,  with  no  diminu- 
tion of  the  alkali  reserve,  there  was  a  lowering  of  the  pH  value. 

Sodium  and  Potassium  of  the  Urine. — The  increase  in  the  rate  of 
sodium  and  potassium  excretion  is  striking.  The  explanation  of 
this  reversal  of  the  usual  effect  of  ether  is  not  obvious.  Con- 
ceivably, the  high  CO2  content  of  the  blood,  consequent  to  de- 
pressed respiration  might  result  in  drawing  alkali  from  the  tissues, 
and  if  the  kidney  threshold  for  alkali  was  exceeded,  sodium  and 
potassium  would  pass  into  the  urine.  The  blood  alkali  is  not 
increased,  however,  so  that  this  explanation  is  not  a  likely  one. 
In  this  connection  the  protective  effect  of  alkalies  against  ether 
anuria,  described  by  MacNider  (5),  is  of  interest,  but  it  is 
impossible  to  state  at  present  whether  or  not  the  antidiuretic 
action  of  ether  can  be  prevented  by  morphine. 

BIBLIOGRAPHY. 

1.  Atkinson,  H.  V.,  and  Ets,  H.  N.,  J.  Biol.  Chem.,  1922,  Hi,  5. 

2.  Dale,  H.  H.,  and  Evans,  C.  L.,  /.  Physiol.,  1920-21,  liv,  167. 

3.  Drushel,  W.  A.,  Am.  J.  Sc,  1908,  xxvi,  555. 

4.  Carter,  W.  S.,Arc.h.  Int.  Med.,  1920,  xxvi,  319. 

5.  MacNider,  W.  deB.,  /.  Pharmacol,  and  E.rp.  Therap.,  1920,  xv,  249. 

6.  Hjort,  A.  M.,  and  Taylor,  F.  A.,  J.  Phinnacol.  and  E.xp.  Therap.,  1919, 

xiii,  407. 


THE  METABOLISM  OF  SULFUR. 
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The  ease  with  which  cysteine  is  oxidized  to  cystine  has  resulted 
in  some  confusion  as  to  which  of  these  two  sulfur-containing 
amino-acids  is  present  in  the  protein  molecule  and  is  an  active 
constituent  of  tissues.  Cystine  is  the  form  wMch  is  isolated  from 
proteins  on  hydrolysis.  However,  Heffter  ( 1)  and  later  Arnold  (2) 
showed  that  practically  all  tissues  gave  a  positive  reaction  with 
sodium  nitroprusside  and  ammonia,  a  test  wliich  seemed  to  be 
specific  for  the  mercapto  group,  -SH.  Inasmuch  as  he  found  this 
reaction  positive  with  tissue  extracts  free  from  protein,  Arnold  (3) 
suggested  that  cysteine  was  the  substance  present  in  all  tissues, 
which  was  responsible  for  the  nitroprusside  reaction. 

In  consequence  of  these  facts  and  others,  the  belief  that  cysteine 
was  an  active  constituent  of  tissues  gained  credence.^  Direct 
proof  of  its  existence  in  the  organism,  however,  was  lacking  until 
Hopkins  (4)  in  1921  isolated  a  dipeptide  of  glutaminic  acid  and 
cysteine  from  tissues,  to  which  he  gave  the  name  "glutathione." 
He  considered  that  this  substance  was  important  in  tissue  oxida- 
tion and  reduction  and  that  the  mechanism  of  its  reaction  con- 
sisted in  a  shifting  of  the  equilibrimn  between  cysteine  and  cystine 
according  to  the  activities  of  the  ceU.  He  beUeved  it  probable 
that  the  significance  of  the  occurrence  of  cysteine  as  a  constituent 
of  a  i^eptide  lay  in  the  fact  that  it  was  thereby  protected  from 
catabolic  changes. 

*  Aided  by  a  grant  from  the  Research  Fund  of  the  Graduate  School  of 

the  University  of  Illinois. 
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Another  line  of  e%ndencc  which  indicates  that  cysteine  is  an 
active  substance  in  nietahohsni  is  also  available.  Jaffe  (5)  and 
Bauniann  and  Preusse  (6)  as  well  as  others  have  shown  that 
when  monohalogen  derivatives  of  benzene,  notable  bromobenzene, 
are  administered  to  a  dog,  there  is  excreted  bromophenyl-mercap- 
tiuic  acid,  a  derivative  of  cj'steine.  However,  in  the  absence  of 
protein  in  the  diet,  this  synthesis  does  not  take  place  (7) .  Further 
work  (8)  showed  that  if  cystine  be  injected  subcutaneously  into 
dogs  on  a  protein-free  diet,  administration  of  bromobenzene  gives 
rise  to  mercapturie  acid.  These  results  were  interpreted  to  mean 
that  in  animals  whose  diets  were  deficient  in  protein  content,  the 
cj'stine  of  endogenous  origin  does  not  pass  thi'ough  the  same  path 
in  cata holism. 

It  must  be  borne  in  mind,  however,  in  considering  these  results, 
that  the  cysteine  is  produced  as  the  result  of  a  demand  for  a  de- 
toxieating  substance  and  that  its  formation  may  be  due  to  a  devia- 
tion from  the  normal  path  of  catabolism  in  response  to  abnormal 
conditions;  i.e.,  the  introduction  of  a  toxic  benzene  derivative 
into  the  system.  A  similar  question  is  raised  as  to  the  glycuronic 
acid  used  for  the  detoxication  of  many  foreign  organic  compoimds. 
It  is  still  debatable  whether  glycuronic  acid,  if  formed  from  glu- 
cose, is  a  normal  decomposition  product  or  a  substance  originating 
in  a  specialized  metabolic  process  for  detoxication. 

The  purpose  of  the  present  communication  is  to  report  the 
occurrence  of  a  cysteine  derivative  in  the  urine  after  the  adminis- 
tration of  a  non-toxic  derivative  of  cystine  in  wliich  complete 
oxidation  of  the  molecule  was  prevented  by  "protecting"  the 
amino  group  by  substitution.  The  results  support  the  work  of 
other  investigators  and  indicate  that  cysteine  is  a  normal  stage 
in  the  catabolism  of  cj'stine  in  the  animal  body. 

In  a  previous  paper  (9),  it  was  shown  that  if  the  amino  group 
of  cystine  was  protected  from  dcamination  by  conjugation  with 
phenylisocyanate,  the  resulting  phenyluraminocystine  was  not 
oxidized  normally  and  the  greater  part  of  the  sulfur  of  the  complex 
was  recovered  in  the  urine  as  unoxidized  sulfur.  Cystine  under 
similar  conditions  was  completely  oxidized  and  the  sulfur  appeared 
in  the  urine  as  sulfates. 

During  the  anaJj'ses  of  the  urines  for  total  sulfur,  it  was  ob- 
served that,  on  the  days  of  administration  of  the  phenyluramino- 
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cystine,  the  addition  of  the  copper  reagent  of  BenecUct  to  the 
urine  resulted  in  the  formation  of  a  grey-blaclv  precipitate.  Al- 
though the  color  was  slightly  different,  the  substance  was  con- 
sidered to  be  copper  sulfide.  No  such  phenomena  were  observed 
in  norma!  urines.  After  the  completion  of  the  analj-ses,  we  re- 
turned to  the  study  of  this  precipitate  and  found  that  after  a 
period  of  2  weeks  to  a  month,  the  precipitate  with  the  copper 
reagent  was  obtained  in  small  amounts  or  was  completely  lacking. 
This  suggested  that  we  might  he  concerned  with  a  derivative  of 
cysteine  which  had  been  oxidized  to  cystine  on  standing.  A 
systematic  study  of  the  substance  was  then  made. 
"  Tiie  phenylui-aminocystine,  usually  in  amounts  of  1.0  gm.,  was 
administered  to  rabbits  either  prr  os  or  subcutaneously  in  water 
susiJension  or  as  the  sodium  salt.  The  urine  was  collected  for 
24  hom-s  after  the  administration  of  the  phenyluraminocystine. 

It  was  observed  that  the  experimental  urines  gave  an  intense 
purple  color  with  sodium  nitroprusside  and  ammonia  (1,  2),  a 
reaction  not  shown  by  the  normal  urines,  and  that  it  was  possible 
to  remove  all  the  material  which  gave  this  reaction  by  extraction 
with  ether.i  The  urine  was  acidified  and  filtered  or  centnfuged 
to  remove  any  precipitate  (of  unchanged  phenyluraminocystine?) 
which  might  be  formed.  This  precipitate  did  not  react  with 
nitroprusside  and  ammonia.  The  liquid  was  then  extracted  three 
times  with  ether  (2  volumes  of  ether  to  1  voliune  of  urine).  Oc- 
casionally some  difficulty  was  experienced  because  of  emulsions, 
but  when  these  occurred,  they  were  readily  broken  by  centrifu- 
gation.  The  extracted  urine  gave  no  reaction  with  nitroprusside 
and  ammonia  although  the  test  for  creatinine  in  which  sodium 

'  Quantitative  evidence  as  to  the  removal  of  the  organic  sulfur  com- 
pound by  ether  was  obtained  by  analysis  of  the  urine  of  a  rabbit  followmg 
administration  of  phenvluraminocystine.  Before  extraction  with  ether 
the  urine  contained  0.146  gm.  of  total  sulfur,  and  0.088  gm.  of  unoxid.zed 
sulfur  (by  difference);  after  extraction,  the  total  sulfur  was  reduced  to 
0  085  gm."  and  the  unoxidized  sulfur  to  0.027  gm.  Before  extraction  the 
unoxidized  sulfur  comprised  slightly  over  60  per  cent  of  the  tola  sulfur, 
while  after  treatment  with  ether  only  31  per  cent  of  the  total  sulfur  was 
present  as  unoxidized  sulfur,  a  figure  which  is  only  slightly  higher  than  tlie 
normal  for  a  rabbit  on  the  type  of  diet  fed.  This  demonstrates  that  by 
far  the  greater  part  of  the  "extra"  unoxidized  sulfur  present  was  in  the 
form  of  an  ether-soluble  compound. 
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hydroxide  is  substituted  for  ammonia  was  still  positive.     Creati- 
nine does  not  react  with  sodium  nitroprusside  and  ammonia. 

After  the  evaporation  of  the  combined  ether  extracts  at  low 
heat,  an  oily  residue  remained  which  did  not  crystallize  readily. 
This  oily  material  gave  a  strong  nitroprusside  test,  a  fleeting  blue 
color  with  dilute  ferric  chloride,  and  a  grey-black  precipitate  with 
copper  sulfate.  The  oil  dissolved  readily  in  hot  water,  and  on 
cooling  formed  an  emulsion  from  which  a  gunmiy  light  brown 
mass  graduall}^  separated  on  standing  in  the  ice  box.  When 
this  solution  was  allowed  to  evaporate  spontaneously  in  air,  after 
some  time,  white  crystals  separated,  and  neither  crystals  nor 
solution  gave  a  positive  nitroprusside  reaction.  These  crystals, 
although  obviously  impure,  were  probably  phenyluraminocystine 

TABLE  I. 


Experiment  No. 

Melting  point. 

Sulfur. 

°C. 

per  cent 

6 

162 

12.8 

63 

159 

13.9 

64 

159 

12.8 

7 

159 

10.4 

72 

158 

12.7 

62 

163 

5 

155 

Phenyluraminocystine. 

159 

13.38 

since  the  melting  points  were  similar.  Melting  points  and  analy- 
ses for  sulfur  of  several  of  these  impure  preparations  are  given 
in  Table  I.  It  seemed  probable  that  we  were  dealing  with  phenyl- 
uraminocysteine  which  had  slowlj'  been  converted  into  phenjdur- 
aminocystine  on  standing  in  air. 

Since  direct  isolation  and  purification  of  the  unknown  sub- 
stance were  unsuccessful,  a  study  was  made  of  the  insoluble 
copper  salt.  This  could  be  obtained  as  a  grey-black  precipitate 
from  the  neutral  or  faintl}'  alkaline  urine  by  cautious  addition  of 
a  3  per  cent  solution  of  copper  sulfate.  However,  an  account  of 
the  probability  of  inclusion  of  other  substances  in  the  precipitate, 
direct  precipitation  of  the  copper  salt  from  the  urine  was  con- 
sidered inadvisable.  Accordingly,  the  urine  was  extracted  with 
ether  as  previously  described  and  the  ether  extract  was  shaken 
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with  a  dilute  (1  per  cent)  solution  of  copper  sulfate.^  The  grey- 
black  precipitate  of  the  copper  salt  which  separated  in  the  aqueous 
layer  was  chawn  off  from  the  ether  in  a  separatory  funnel,  filtered, 
carefully  washed  with  cold  water,  alcohol,  and  ether,  and  dried 
at  80°.'  Some  difficulty  was  experienced  in  removing  the  last 
traces  of  copper  salts  from  the  precipitate.  The  light  grey  powder 
obtained  decomposed  on  heating  at  170-171°  (uncorrected)  and 
left  a  small  amount  of  a  black  residue  in  the  melting  point  tube. 

For  the  analysis  of  the  copper  salt  the  material  was  carefully 
ashed  in  a  platinum  crucible,  the  residue  dissolved  in  nitric  acid, 
and  the  copper  determined  iodometrically  in  the  usual  manner. 
SuKur  was  determined  either  by  oxidation  with  Benedict's  reagent, 
as  used  in  urine  analysis  or  by  oxidation  in  a  Parr  bomb.  The 
results  of  analysis  are  given  in  Table  II. 

Four  copper  salts  of  phenyluraminocysteine  are  possible. 

(I)  (") 

CH,-S  CH^-SH  CH^-SH 

j  ^\  (in  -  CO  -  O  -  Cu  -  O  -  CO  -  CH 

"^X  NH  NH 

Cu       1  I 

I  /        to  CO 

CT-CO-O  H  /H 

CO 
l/H 

^CeHs 

(III)  (IV) 

CHj  -  S  -  Cu  -  S  -  CHs  CHj  -  S  -  Cu  -  S  -  CHj 

I  \  CH-COOH  djH-COOH 

!  \  NH  J^H 

CH  -  CO  -  0  -  Cu  -  0  -  CO  -  CH  i  I 

I  1  CO  CO 

NH  NH  ^    H  ;/H 

CO  /CO         \C,^6  ^sH. 

1   /H  / 

N<  /H 

\CJl6 


s  Other  salts  of  copper,  notably  the  acetate,  were  also  used  for  the 
precipitation  of  the  copper  complex,  but  the  character  and  composition  of 
the  washed  precipitate  did  not  differ  from  those  obtained  with  copper 
sulfate. 
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Of  these  Formulas  I  and  III  and  Formulas  II  and  IV  have  the 
same  percentage  composition.  Formula  III  is  considered  improb- 
able on  account  of  the  size  of  the  ring  wliich  would  be  formed. 
As  will  be  seen  from  the  table  it  should  be  easy  to  distinguish 
between  the  two  types  of  salts  by  the  differences  in  the  percentage 
of  copper  and  in  the  ratio  of  copper  to  sulfur.  The  difference  in 
the  percentage  of  sulfur  is  not  great.  The  figures  obtained  on 
analysis  indicate  that  the  copper  salt  probablj^  has  the  structure 
assigned  by  Formula  I.  While  the  analytical  figures  are  not 
theoretical,  they  may  be  considered  satisfactory  in  view  of  the 
difficulty  in  washing  the  bulky  precipitate. 

TABLE  II. 
Analysis  of  the  Copper  Salt  of  Phenyluraminocysteine. 


Found 

Theory  for 

CmHioOjNaSCu 

C-oHiiOeNiSzCu 

per  cent 

per  cent 

per  cent 

Cu 

20.49  1 
20.40  1 

^  20.45 

21.09 

11.64 

s 

9.74  1 
9.66  J 

>    9.70 

10.61 

11.82 

Cu:  S 

2.108 

1.988 

1.015 

Evidence  as  to  the  nature  of  the  derivative  present  in  the  urine 
after  the  administration  of  phenjiuraminocystine  was  obtained 
in  another  way.  The  urine  was  treated  with  dilute  copper  sulfate 
directly  and  the  precipitated  copper  salt  filtered  off  and  washed. 
The  salt  was  suspended  in  water,  the  copper  removed  by  hydrogen 
sulfide,  and  the  copper-free  filtrate  concentrated  in  vacuo.  The 
liquid  remaining  in  the  flask  \\as  extracted  with  ether  and  the 
ether  evaporated  at  low  temiDerature.  An  oily  liquid  which 
gave  a  strong  nitroprusside  reaction  remained.  Tliis  was  dis- 
solved in  water,  allowed  to  stand  at  room  temperature  for  24 
hours,  hydrochloric  acid  added  to  give  a  concentration  of  10  per 
cent,  and  the  solution  boiled  vigorously  for  1  hom-.  If  the  oily 
residue  contained  phenyluraminoc,ysteine,  tliis  treatment  should 
have  converted  it  to  the  hydantoin  of  phenj-luraminocystine. 
The  solution  was  cooled  and  allowed  to  stand  in  the  air.  Beauti- 
ful white  needle  crystals,  resembling  those  of  tyrosine  although 
somewhat  larger,  separated.     Neither  crystals  nor  mother  liquor 
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gave  a  positive  nitroprusside  tost.  The  product  was  twice  re- 
crystallized  from  50  per  cent  alcohol.  Positive  tests  for  nitrogen 
and  sulfur  were  obtained  with  the  crystals.  The  crystals  melted 
at  117°  (uncorrected),  and  when  mixed  with  a  pure  sample  of  the 
hydantoin  of  phenvluraminocystine  which  melted  at  116.5-117°, 
gave  a  mixed  melting  point  of  115.5-116°.  Inasmuch  as  phenyl- 
uraminocystine  itself  is  not  precipitated  by  copper  sulfate,  this 
expei-iment,  which  has  been  repeated  with  results  similar  to  those 
reported  above,  furnishes  additional  evidence  that  phenyluramino- 
cystine  is  first  broken  down  to  phenyluraminocysteine  in  the 
organism  of  the  rabbit  and  that  tliis  latter  substance  is  then  ex- 
creted in  the  urine,  since  further  oxidation  is  prevented  by  con- 
jugation of  the  amino  group. 

4  gm.  of  phenyluraminocystine  were  fed  to  a  dog  of  12  kilos 
weight.  No  increase  in  the  total  or  unoxidized  sulfur  of  the  urine 
was  observed  either  on  the  experimental  or  succeeding  days,  nor 
was  there  present  in  the  urine  any  substance  which  reacted  with 
copper  sulfate  to  give  a  black  precipitate.  0.5  gm.  of  phenylur- 
aminocystine was  fed  to  a  man  and  the  urine  secreted  in  the  next 
12  hours  examined.  After  extraction  with  ether  as  already  de- 
scribed, and  evaporation  of  the  ether  extract,  the  residual  oily 
material  gave  a  positive  nitroprusside  test,  a  black  precipitate 
with  copper  sulfate,  and  a  blue  color  with  dilute  ferric  chloride 
solution.  We  have  never  failed  to  obtain  evidence  of  the  presence 
of  phenyluraminocysteine  in  the  urine  of  the  rabbit  aft<>r  adminis- 
tration of  phenyluraminocystine,  regardless  of  the  manner  of 
administration. 

Attempts  have  been  made  to  prepare  phenyluraminocysteine 
by  the  reduction  of  phenyluraminocystine  with  tin  and  hydro- 
chloric acid.  The  insolubility  of  the  latter  and  the  ease  with 
which  it  is  converted  to  the  hydantoin  in  the  presence  of  acid  are 
factors  which  interfere  with  the  reduction.  As  yet  we  have  not 
succeeded  in  carrjang  out  the  reduction  satisfactorily.  The  work 
is  being  continued  along  these  and  related  lines. 

SUMMARY. 

In  the  urine  of  rabbits  to  which  phenyluraminocystine,  a  non- 
toxic substance,  has  been  fed,  there  is  present  a  substance  which 
has  been  identified  as  phenylm-aminocysteine.     Tliis  furnishes 
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evidence  that  the  first  stage  in  the  catabohsm  of  cystine  is  con- 
version to  cysteine,  with  subsequent  deamination  and  oxidation 
of  the  latter.  In  the  case  of  the  phenyluraminocysteine,  deamina- 
tion has  been  prevented  by  conjugation  and  the  cysteine  deriva- 
tive is  probably  excreted  as  such  in  the  urine. 

BIBLIOGRAPHY. 

1.  Heffter,  A.,  Med.  naturwiss.  Arch.,  1908,  i,  81. 

2.  Arnold,  V.,  Z.  physiol.  Che)n.,  1910-11,  Ixx,  300. 

3.  Arnold,  V.,  Z.  physiol.  Chem.,  1910-11,  Ixx,  314. 

4.  Hopkins,  F.  G.,  Biochem.  J.,  1921,  xv,  286. 

5.  Jaffe,  M.,  Ber.  chem.  Ges.,  1879,  xii,  1092. 

6.  Baumann,  E.,  and  Preusse,  C,  Ber.  chem.  Ges.,  1879,  xii,  806. 

7.  Thomas,  K.,  and  Straczewski,  H.,  Arch.  Physiol.,  1919,  249. 

8.  Kapfhammer,  J.,  Z.  physiol.  Chem.,  1921,  c.wi,  302. 

9.  Lewis,  H.  B.,  and  Root,  L.  E.,  J.  Biol.  Chem.,  1922, 1,  303. 


THE     ADAPTATION     OF     THE     PENTABROMOACETONE 

METHOD  TO  THE  QUANTITATIVE  DETERMINATION 

OF  CITRIC  ACID  IN  THE  URINE.* 

By  WILLLUI  B.  McCLURE. 

(From  The  Olho  S.  A .  Sprague  Memorial  Institute  Laboratory  of  the  Children's 

Memorial  Hospital,  Chicago.) 

(Received  for  publication,  June  15,  1922.) 

The  determination  of  citric  acid  by  the  pentabromoacetone 
method'  depends  upon  the  formation  of  water-insoluble  penta- 
bromoacetone, when  citric  acid  is  oxidized  by  potassium  per- 
manganate in  the  presence  of  bromine.  The  quantitative  results 
would,  of  course,  be  vitiated  by  any  impmity  of  the  pentabromo- 
acetone. 

When  McClure  and  Sauer^  employed  in  urine  Kunz's'  modifi- 
cation of  the  pentabromoacetone  method  for  citric  acid  determina- 
tion, they,  at  times,  found  a  considerable  residue  upon  treating 
the  pentabromoacetone  precipitate  with  acetone,  whereas  pure 
pentabromoacetone  is  readily  dissolved  in  that  solvent.  They 
also  found  a  considerable  difference,  in  many  cases,  between 
results  obtained  by  the  pentabromoacetone  method  and  those 
obtained  by  the  Salant  and  Wise*  method.  These  findings  pointed 
out  the  desirabiUty  of  further  study  of  the  pentabromoacetone 
method  as  appUed  to  urine,  to  ascertain  factors  interfering  'R'ith 
its  accuracy. 

*  The  early  part  of  the  work  was  done  in  conjunction  with  Dr.  Hugh 
Macdonald. 

1  Stahre,    L.,  Eine  Citronensiiurereaktion,   Kord.  farm.   Tidskr.,   1S95, 

ii.  141. 

2  McClure,  W.  B.,  and  Sauer,  L.  W.,  Comparison  of  pentabromoacetone 
method  and  Salant  and  Wise's  method  for  citric  acid  determination  in 
urine,  Am.  J.  Physiol.,   1922,   in  press. 

3Kunz,  R.,  Ueber  das  Vorkommen  und  die  Bestimmung  von  Zitronen- 
siiure  im  Weine  und  den  Nachweis  der  Zitronensiiure  in  Milch,  Marmeladen 
und  Frucht-sirupen,  Arch.  Chem.  m.  Mikrosk.,  1914,  vii,  285. 

*  Salant,  W.,  and  Wise,  L.  E.,  Tlie  action  of  sodiuin  citrate  and  its 
decomposition  in  the  body,  /.  Biol.  Chem.,  1916-17,  xxviii,  27. 
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The  following  experiment  suggested  a  possible  source  of  error: 
Urine  was  treated  with  sulfuric  acid  and  an  excess  of  bromine, 
shaken,  and  allowed  to  stand.  This  produced  a  precipitate, 
containing  bromine,  which  was  only  partially  soluble  in  alcohol, 
ether,  or  acetone.  The  alcohol,  ether,  and  acetone  solutions  of 
this  bromine  precipitate  were  red-brown  in  color  and  became 
turbid  upon  addition  of  water. 

Since,  during  the  test  for  citric  acid  in  the  urine  by  the  penta- 
bromoacetone method,  bromine  is  liberated  and  suKuric  acid 
has  been  added  pi'eviously,  the  conditions  are  present  for  the 
formation  of  the  bromine  precipitate  which  was  described  in  the 
preceding  paragraph.  Should  tliis  precipitate  be  produced,  at 
least  a  part  of  it  would  be  present  as  an  impurity  in  the  penta- 
bromoacetone precipitate  and  would  to  that  extent  vitiate  the 
results  of  the  citric  acid  determination. 

In  order  to  free  the  pentabromoacetone  method,  as  applied  to 
urine,  from  an  error  which  might  be  due  to  the  appearance  of  this 
bromine  precipitate,  the  following  procedures  were  tried:  (1) 
Separation  of  the  pentabromoacetone  from  the  bromine  precipi- 
tate; (2)  reduction  of  the  amount  of  bromine  precipitate  formed; 
and  (3)  a  combination  of  these  two  procedures. 

Separation  of  the  Pentabromoacetone  from  the  Bromine  Precipitate. 

(a)  Numerous  trials  failed  to  disclose  a  solvent  which  would 
serve  to  separate  the  bromine  precipitate  in  its  entirety  from  the 
pentabromoacetone  precipitate,  (b)  Pentabromoacetone  is  readily 
volatilized  by  heat.  The  effect  on  bromine  precipitate  of  a  degree 
of  heat  sufficient  to  volatilize  actively  pentabromoacetone  was 
tested  out.  To  accomplish  tliis,  known  quantities  of  bromine 
precipitate  and  pentabromoacetone,  each  in  a  porcelain  crucible, 
were  heated  simultaneously  in  the  electric  oven  at  temperatures 
approximately  100-105°C.  and  the  loss  was  determined  in  each 
case.  Table  I  shows  the  results  of  four  such  experiments,  each 
substance  was  charted  separately.  The  heating  was  prolonged  in 
Experiment  4  for  the  purpose  of  more  rigorously  testing  the  resist- 
ance of  the  bromine  precipitate  to  this  degree  of  heat. 

It  is  seen  from  Table  I  that  less  than  18  per  cent  of  the  bromine 
precipitate  was  lost  when  the  temperature  was  maintained  at 
approximately   100-105°C.,    while    the   pentabromoacetone   was 
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practically  all  driven  off  under  similar  conditions.  However,  in 
one  experiment,  which  is  not  incUided  in  Table  I,  10.1  mg.  of 
bromine  precipitate,  mthout  a  pentabromoacetonc  control,  were 
heated  at  approximately  100°C.  for  24  hours  with  a  loss  of  2.5  mg. 


TABLE  I. 

Results    of   Healing   Simultaneously    Bromine   Predyilale   and   Penta- 
bromoacetonc. 


Experiment 
No. 


Bromine 

precipitate 

used. 


Heated. 


Temperature 
(approxi- 
mately). 


Loss. 


Results  of  heating  bromine  precipitate. 


Percentage 
lost. 


hrs. 

°C. 

mg. 

per  cent 

4i 

100 

9.5 

10.5 

5^ 

105 

9.1 

12.3 

8i 

100 

10.9 

12.6 

39* 

105 

2.9 

17.3 

Results  of  heating  pentabromoacetone. 

1 

88.6 

^ 

100 

88.2 

99.5 

9 

69.0 

51 

105 

68.9 

99.9 

3 

70.6 

H 

100 

70.6 

100.0 

4 

163.2 

39i 

105 

162.9 

99.8 

TABLE  II. 
Results  of  Heating  Mixtures  of  Bromine  Precipitate  and  Pentabromoacetone. 


Mixtures. 


Pentabromoacetone. 
Bromine  precipitate 
Pentabromoacetone. 
Bromine  precipitate 


Used. 


mg. 

52.0 

1.1 

50.3 

10.2 


Heated. 


hrs. 

9J 
24 


Tempera- 
ture (ap- 
proxi- 
mately). 


100 
100 


mg. 

51.9 
51.8 


Re- 
main- 
ing. 


mg. 

1.2 
8.7 


or  24.8  per  cent.     This  percentage  of  loss  was  unusually  high  and 
was  encountered  only  in  this  one  experiment. 

Next,  mixtures  of  small  quanrities  of  bromine  precipitate  and 
relatively  large  quantities  of  pentabromoacetone  were  heated. 
Table  II  shows  the  results  of  two  such  experiments. 
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These  results  are  such  as  would  be  expected  after  consideration 
of  the  findings  presented  in  Table  I.  In  the  first  experiment  the 
loss  upon  heating  the  mixtures  was  about  equal  to  the  quantity 
of  pentabromoacetone  employed.  In  the  second  experiment, 
where  a  larger  quantity  of  bromine  precipitate  was  used  and  longer 
heating  was  carried  out,  the  loss  was  somewhat  greater  than  the 
amount  of  pentabromoacetone.  This  latter  finding  is  readily 
explainable  on  the  basis  of  a  partial  volatilization  of  the  bromine 
precipitate. 

Also  determinations  of  pentabromoacetone  were  made  in  dup- 
hcate,  in  two  specimens  of  native  urine  with  heating  used  as  an 
additional  step  to  the  pentabromoacetone  method.  Table  III 
gives  the  results  of  these  determinations. 

TABLE  III. 

Pentabromoacetone  Obtained  from  Urine,  Using  Heat  as  an  Additional  Step 
in  the  Pentahromoaceione  Method. 


Normal  urine,  50  cc. 

Penta- 
bromoace- 
tone found. 

Residue 

after 
heating. 

Heated. 

Tempera- 
ture. 

Mixed  specimen  from  adults. 

mg. 

12,3 
12.6 

mff. 

2.9 
2.9 

hrs. 

22- 

100-105 

Mixed  specimen  from  children. 

30.5 
29.7 

6.4 

7.8 

18i 

100-106 

Reduction  of  the  Amount  of  Bromine  Precipitate. 

It  was  found  that  a  preliminary  treatment  of  the  urine  with 
charcoaP  causes  a  marked  diminution  of  the  quantity  of  the 
bromine  precipitate  which  is  produced  when  urine  is  treated  with 
sulfuric  acid  and  an  excess  of  bromine.  This  was  true,  whether 
the  urine  was  boiled  with  sulfuric  acid  and  charcoal,  or  whether 
the  unheated  urine  was  rendered  alkaline  by  sodium  hydroxide 
and  only  shaken  with  charcoal.  This  was  demonstrated  in  the 
following  way:  From  150  cc.  quantities  of  a  specimen  of  urine, 
45  mg.  of  bromine  precipitate  were  obtained  when  charcoal  was 
not  used,  and  3.9  mg.  of  bromine  precipitate  when  the  urine  had 
been  previously  treated  by  boiling  with  sulfuric  acid  and  charcoal 

'  Blutkohle,  Kahlbaum,  was  used  in  all  the  experiments. 
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and  filtered.  A  different  specimen  of  urine  yielded  31.3  mg.  of 
bromine  precipitate  per  150  cc.  without  charcoal  treatment,  and 
only  0.1  mg.  of  bromine  precipitate  after  being  rendered  alkaline 
with  sodium  hydroxide  and  shaken,  unheated  with  charcoal. 

Anibcrg  and  McClure«  had  found  that  to  boil  urine  with  sulfuric 
acid  and  charcoal  may  cause  a  considerable  loss  of  citric  acid— as 
much  as  27  per  cent  in  a  solution  containing  the  equivalent  of  30 
mg.  of  citric  acid,  in  the  form  of  its  sodium  salt,  in  50  cc.  of  water. 
It  was  therefore  evident  that  this  method  of  using  chai'coal  was 
unavailable  for  our  purpose. 

However,  it  was  found  in  tliis  study  that  the  use  of  charcoal  in  an 
unheated  alkaline  solution  caused  little  or  no  loss  of  citric  acid. 
For  example,  by  using  50  cc.  quantities  in  dupKcate,  from  an 
aqueous  solution  of  socUum  citrate  containing  the  equivalent  of 
50  mg.  of  citric  acid  in  each  50  cc,  51.3  and  51.0  mg.  of  citric  acid,' 
respectively,  were  determined.  This  method  of  employing  char- 
coal, therefore,  serves  the  purpose  quite  satisfactorily. 

Combination  of  Reduction  in  the  Formation  of  Bromine  Precipitate 

and  Separation  of  Pentahromoacetone  from  the  Bromine 

Precipitate. 

In  view  of  the  results  reported  above,  it  seemed  that  a  combinar 
tion  of  a  preliminary  treatment  of  the  urine  by  rendering  it  alka- 
line, and  shaking  with  charcoal  without  heating,  and  of  separation 
of  the  pentahromoacetone  from  impmities  by  volatilization  might 
be  advantageous.  To  test  this  out,  the  pentahromoacetone 
method  for  citric  acid  determination  with  these  two  steps  added^ 

«Amberg,  S.,  and  McClure,  W.  B.,  The  occurrence  of  citric  acid  in 
urine,  Am.  J.  P/ij/sioL,  1917,  xliv,  453. 

'Throughout  this  work  in  computing  the  amount  of  citric  acid,  5  mg. 
were  added  for  each  50  cc.  of  solution  tested,  because  of  an  undetermined 
rest  which  Amberg  and  McClure'  had  found  to  exist. 

8  The  pentahromoacetone  method  for  citric  acid  in  urine,  as  modified, 
is:  Approximately  200  cc.  of  urine  rendered  alkaline  to  litmus  with  5  per 
cent  NaOH  are  filtered.  To  150  cc.  of  filtrate  3  gm.  of  charcoal  are  added 
and  the  mixture  is  shaken  vigorously  unheated  for  1  minute  and  filtered. 
Duplicate  specimens  of  50  cc.  of  the  filtrate  are  taken  and  to  each,  1  cc.  of 
dilute  H0SO4  is  added.  Bromine  vapor  is  poured  in.  If  the  solution  re- 
mains clear,  10  cc.  of  1 :1  H0SO4  and  3  cc.  of  37.5  per  cent  KBr  are  added  and 
the  solution  is  heated  in  a  water  bath  at  50-55°C.  for  5  minutes.     20  cc.  of  5 
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was  applied  to  specmens  of  urine  to  which  known  quantities  of 
sodium  citrate  had  been  added.  Table  IV  gives  the  results  of 
these  experiments. 

TABLE  IV. 

Results  of  Duplicate  Determinations  oj  Citric.  Acid*  in  Urine  by  the  Penta- 
bromoacetone Method,  Using  Preliminary  Charcoal  Treatment  and  Separa- 
tion of  the  Pentabromoacetone  from  Impurities  in  the  Final  Precipitate 

by  Heat. 


Experiment 
No. 

Citric  acid. 

Added. 

Recovered. 

In  native 

urine  (same 

method). 

Net  recovered. 

Recovered. 

mg. 

mg. 

mg. 

mg. 

par  cent 

1 

10.0 
10.0 

21.6 
21.4 

10.3 
11.2 

Average  10.7 

107.0 

2 

20.0 
20.0 

30.1 

30.6 

10.4 
11.2 

Average  19.6 

98.0 

3 

30.0 
30.0 

43.3 
44.3 

13.8 
14.0 

Average  29.9 

99.7 

4 

40.0 

50.0 

12.6 

37.4 

93.5 

40.0 

50.7 

10.7 

40.0 

100.0 

5 

40.0 
40.0 

53.3 

51.1 

13.2 
13.3 

Average  38.95 

97.0 

6 

40.0 

54.9 

17.0 

37.9 

94.8 

40  0 

56.3 

17.0 

39.3 

98.0 

7 

50  0 
50.0 

63.3 
62.4 

13.8 
14.1 

Average  48  9 

97.8 

*  Throughout  the  experiments  50  cc.  quantities  of  the  solutions  being 
tested  for  citric  acid,  were  used  for  each  determination  and  bromine  vapor 
was  added  instead  of  bromine  water,  following  the  suggestion  of  Amberg 
and  McClure.' 


per  cent  ICMn04  solution  are  added  drop  by  drop  with  vigorous  shak- 
ing. Concentrated  FeS04,  acidified  with  H2SO4.  is  added,  slowl.v  with 
shaking,  in  amoimt  sufficient  to  remove  the  undissolved  MnOj-HjO  and 
excess  of  bromine.  The  precipitate  is  weighed  in  a  Gooch  crucible,  after 
drying  24  hours  in  a  desiccator.  The  crucible  and  contents  are  now  heated 
over  night  in  the  electric  oven  at  lOO-lOo'C.  (A  much  shorter  period  of 
heating  is  usually  sufficient  but  necessitates  reheating  and  an  additional 
weighing  to  determine  whether  all  the  pentabromoacetone  has  been  vola- 
tilized off.)  After  cooling  the  crucible  is  again  weighed  and  the  loss  of 
weight  due  to  heating  is  taken  as  equivalent  to  the  quantity  of  penta- 
bromoacetone. From  the  pentabromoacetone,  the  quantity  of  citric  acid 
+  IH2O  is  calculated  by  multiplying  by  0.464  and  adding  5  mg.,  because 
of  an  undeterminable  fraction. 
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CONCLrSIONS. 


The  pentabromoacetone  method  may  be  used  for  the  quantita- 
tive determination  of  citric  acid  in  normal  urine  with  satisfactory 
results,  if  the  unheated  urine  has  been  rendered  alkaline,  pre- 
viously, by  sodiimi  hydroxide,  and  shaken  with  charcoal  and 
filtered;  and  if  the  final  precipitate  is  heated  as  a  means  of 
separating  pentabromoacetone  from  impurities. 

This  work  was  undertaken  at  the  suggestion  of  Dr.  Samuel 
Amberg  to  whom  I  am  indebted  for  much  helpful  ad\dce. 


AN  ELECTROCHEMICAL  STUDY  OF  THE  CONDITION  OF 
SEVERAL  ELECTROLYTES  IN  THE  BLOOD. 

By  B.  S.  NEUHAUSEN  and  E.  K.  MARSH.\LL,  Jb. 

{From  the  Laboratory  of  Phijsiology,  the  Johns  Hopkins  University, 
Baltimore.) 

(Received  for  publication,  June  15,  1922.) 

Whether  the  salts  present  in  the  blood  have  the  same  degree  of 
ionization  as  in  aqueous  solution  and  whether  the  various  ions  are 
free  or  bound  by  the  proteins  have  been  two  of  the  questions  that 
have  attracted  the  attention  of  physiologists  and  biological 
chemists.  Answers  to  these  questions  have  been  sought  prin- 
cipally by  two  methods— by  ultrafiltration  of  senun  with  pressure 
or  by  compensatory  dialysis. 

Much  of  the  early  work,  in  which  the  filtration  was  performed 
under  a  pressure  of  a  nmnber  of  atmospheres,  is  open  to  the  criti- 
cism voiced  by  Burian  (1)  that  any  labile  compounds  between  the 
proteins  and  inorganic  ions  may  have  been  decomposed  by  the 
excessive  pressures. '     Only  recently  has  this  difficulty  been  ob- 
viated by  Cushny  (2)  and  Richter-Quittner  (3)  who  filtered  serum 
free  from  the  protein  at  pressures  of  150  mm.  and  lower.     Cona- 
pensatory  dialysis  wliile  it  has  a  great  many  advantages  is  still 
open  to  the  objection  that  it  is  really  impossible  to  include  aU  the 
other  constituents  but  the  one  under  consideration  in  exactly  the 
same  concentrations  inside  and  outside  of  the  dialyzing  sac,  which 
fact  might  well  cause  a  disturbance  of  equilibria  of  the  system. 
It  seemed  advisable,  therefore,  to  attempt  to  answer  the  afore- 
mentioned question  by  a  totally  different  method— the  electrome- 
tric  determination  of  the  concentration  of  the  ions.     In  this  in- 

iBridgman  (Bridgman,  P.  W.,  J.  Biol.  Chem..  1914,  xix,  511)  obtained 
only  a  stiffening  of  egg  white  with  a  pressure  of  5,000  atmospheres  and 
complete  coagulation  at  7,000  atmospheres.  Lower  pressures  for  extended 
periods  of  time  would  also  be  effective,  particularly  if  the  disniption  of 
these  labile  compounds  is  attended  with  an  appreciable  decrease  in  volume. 
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vestigation,  determinations  were  made  of  the  concentrations  of 
sodium,  chlorine,  and  calcium  ions. 

Apparatus  and  Methods. — The  sodiiuu  ion  concentrations  were 
determined  by  means  of  a  sodium  amalgam  electrode  which  is  a 
reversible  electrode  with  respect  to  sodium  ions.     In  a  detailed 
study  of  the  reliability  of  the  sodium  amalgam  electrode  for  de- 
termining sodium  ions  both  when  sodium  salts  are  present  alone 
and  when  admixed  with  salts  of  other  cations,  it  was  shown  by 
Neuhausen  (4)  that  in  the  range  of  concentrations  of  sodium 
present  in  the  blood,  the  sodium  amalgam  electrode  is  reliable 
and  that,  furthermore,  potassimn  and  calcium  ions  in  concentra- 
tions such  as  are  present  in  the  blood  do  not  interfere.     The 
sodium  amalgam  was  prepared  by  the  electrolysis  of  a  sodium 
chloride  solution.     It  contained  about  0.2  per  cent  sodimn  by 
weight,  and  was  contained  in  a  dropping  electrode  modified  some- 
what from  the  design  of  Lewis  and  Kraus  (5).     This  is  represented 
in  Fig.  1.     The  sodimn  amalgam  electrode  was  connected  to  a 
generator  of  hydrogen  and  thus  there  was  always  an  atmosphere 
of  dry  hydrogen  at  a  pressure  somewhat  greater  than  atmospheric. 
The  amalgam  came  in  contact  with  the  solution  at  the  tip  F.     By 
opening  the  stop-cock  C  amalgam  could  be  run  out  and  the  sur- 
face renewed  at  will.     A  platinum  wire  sealed  in  the  glass  at  P, 
served  as  electrical  contact  between  the  amalgam  contained  in 
the  electrode  and  the  mercury  in  the  side  arm  which  was  con- 
nected to  the  potentiometer.     The  rest  of  the  cell  arrangement 
was  similar  to  that  of  a  hj^drogen  electrode  outfit,  saturated  KCl 
being  used  in  the  bridge  and  mercury  and  calomel  in  saturated 
potassium    chloride   being   the   second   half   cell.     A   Leeds   and 
Nortlirup  type  K  potentiometer  and  a  certified  Weston  cell  were 
used. 

Before  making  a  measurement  on  blood,  the  e.m.f.  of  the  Na 
amalgam  electrode  against  a  0.123  NNaCl  solution  was  deter- 
mined. From  the  difference  in  voltage  obtained  when  the  Na 
amalgam  electrode  was  measured  against  the  NaCl  solution  and 
against  serum  or  defibrinated  blood,  the  concentration  of  the  Na 
ion  could  be  calculated  from  the  formula 

0.1026 
E  =  0.059  log 
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in  which  E  is  the  difference  in  voltages,  0.1026  is  the  concentration 
expressed  in  mols  per  liter  of  Na  ion  in  0.123  n  NaCl,  and  c  i3 
the  unknown  concentration  of  Na  ion  in  the  solution.  Since 
sodium  bicarbonate  in  the  concentration  present  in  the  blood  has 


/  s 


Fig.  1. 


a  degree  of  dissociation  of  about  83  per  cent  according  to  Walker 
and  Comiack  (6)  which  is  equal  to  that  of  0.12  n  sodium  chloride, 
when  c  is  divided  by  0.83  the  concentration  of  ionized  and  union- 
ized sodium  figured  as  NaCl  (and  NaHCOs)  is  obtained. 
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The  chlorine  concentration  was  determined  by  means  of  a 
silver-silver  chloride  electrode.  A  silver  rod  coated  with  silver 
chloride  is  put  into  the  solution  in  which  it  is  desired  to  determine 
the  CI  ion  concentration.  This  type  of  an  electrode  had  been 
used  in  the  determination  of  the  solubility  product  of  silver  chlo- 
ride and  more  recently  by  Brown  and  Hill  (7)  in  a  study  of  chlorine 
concentrations  in  serum.  The  electrode  and  solution  constitute 
the  positive  half  cell,  while  the  rest  of  the  cell  was  made  up  of  a 
bridge  of  saturated  potassium  chloride,  and  a  calomel  half  cell 
containing  saturated  potassium  chloride,  as  in  the  case  of  the 
determination  of  the  concentration  of  Na  ions.  The  e.m.f.  of 
this  electrode  in  0.123  N  sodium  chloride  was  determined.  From 
the  difference  in  voltage  obtained  when  the  electrode  was  measured 
against  0.123  n  sodium  chloride  and  against  serimi  or  defibrinated 
blood  the  concentration  of  the  CI  ion  can  be  calculated  from  the 
formula 

E  =  0.059  log 


0.1026 


in  which  c  signifies  the  unknown  CI  concentration  and  the  other 
terms  have  the  same  significance  as  in  the  formula  for  the  com- 
putation of  the  Na  ion  concentrations.  By  dividing  c  by  0.83  the 
concentration  of  ionized  and  unionized  chlorine  is  obtained. 

In  determining  the  concentration  of  the  Ca  ion  a  nimiber  of 
difhculties  were  encountered.  Since  the  calcimn  amalgam  is 
very  reactive,  it  had  to  be  prepared  in  a  special  way  as  explained 
by  Neuhausen  (8)  elsewhere.  The  amalgam  of  about  0.005  per 
cent  Ca  was  kept  in  the  electrode  under  an  atmosphere  of  CO2, 
and  during  the  deteniiination  of  an  e.m.f.  the  amalgam  was  al- 
lowed to  flow  continuously  from  the  electrode.  Otherwise,  the 
arrangement  was  the  same  as  in  the  case  of  the  sodium  amalgam. 

Another  difficulty,  however,  did  not  prove  quite  as  surmount- 
able as  the  reactivity  of  calcium  amalgam.  When  as  in  the  case 
of  a  solution  such  as  sermn  there  are  present  other  alkali  cations 
besides  the  one  for  which  the  amalgam  is  a  reversible  electrode, 
there  is  a  tendency  for  these  cations  to  replace  the  particular 
alkali  or  alkaline  earth  in  the  amalgam,  so  that  a  mixed  electrode 
is  obtained,  which  is  of  no  use  in  detennining  concentrations. 
The  effect  is  especially  marked  in  the  case  of  serimi  since  the 
concentration  of  the  sodium  is  about  100  times  as  great  as  that 
of  the  calcium. 
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To  obviate  this  difficulty,  solutions  ^ve.•e  prepared  ^'^ich  con- 
tained 0  123  N  NaCl,  0.03  n  NaHCO,,  0.0025  m  CaCl,  and  0.0015 
M  MgCl  Such  a  solution  approximates  as  far  as  disturbing 
effects  are  concerned  the  composition  of  dog's  blood,  the  effect 
of  potassium  being  included  in  the  sodium.  The  e.m.f.  was 
determined  when  the  Ca  amalgam  was  dropping  into  this  solu- 
tion The  E  M.  F.  was  then  determined  when  the  amalgam  was 
dropping  into  serum.  From  the  difference  in  voltage  obtained 
in  the  two  cases  the  concentration  of  the  Ca  ion  can  be  calculated 
from  the  formula 


0.0025 
E  =  0.0295  log 


in  which  c  is  the  unknown  concentration  of  the  calcium  ion,  and 
the  other  terms  have  the  same  significance  as  in  the  formula 

used  above.  ,         ,  . 

It  should  be  noted  that  the  calculation  of  the  calcium  concen- 
tration is  valid  only  if  it  is  certain  that  the  calciimi  electrode  in 
the  solution  approximated  in  every  way  the  action  o  the  calcium 
amalgam  in  sermn.  This  cannot  be  claimed  absolutelj-,  so  tliat  an 
error  as  large  as  25  per  cent  may  be  inherent  in  this  method.  Other 
methods  are  being  worked  out  which  may  do  away  with  the  use 
of  a  calcium  amalgam  electrode  for  determining  the  calcium  ion. 
The  sample  of  blood  or  serum  was  obtained  from  dogs  in  some 
cases  (6  7  8)  without  the  use  of  anethesia  and  in  others  with  the 
aid  of  par'aldehyde  or  ether.  No  difference  was  noticed  in  the 
ionic  concentration  in  either  case. 

Remits  -The  results  obtained  in  this  investigation  on  serum  are 
given  in  Table  I,  under  headings  which  are  self-explanatory.  The 
quantitative  analysis  of  the  sodium,  calcium,  and  chlorine  were 
made  bv  the  Department  of  Pediatrics  of  this  Univei-sity  through 
the  com-tesy  of  Professor  Howland  and  Doctor  Kramer,  whose 
kindness  is  hereby  acknowledged. 

On  examination  of  Table  I  it  is  apparent  that  all  the  sodium  and 
clJorine  found  in  the  blood  can  be  accounted  for  within  experi- 
mental error  on  the  assumption  that  the  sodium  and  chlorine  in 
the  serum  are  present  as  sodimn  cWoride  and  sodium  bicarbonate 
This  fact  is  in  agreement  with  the  finding  of  Neuhausen  (9)  that 
on  the  assumption  of  a  simnar  degree  of  dissociation  for  salts  in 
the  serum  as  for  aqueous  solutions  of  equal  concentration  the 
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observed  and  calcukitcd  lowering  in  vapor  pressure  and  lowering 
in  freezing  point  of  the  serum  are  in  good  agi-eement.  These 
observations  in  themselves  do  not  rule  out  the  possibility  of  the 
presence  of  Na-protein  compounds  in  the  blood,  for  it  could  be 
maintained  that  the  Na-proteinates  have  the  same  degi-ee  of  ion- 
ization as  the  bicarbonate.  In  fact  Rona  and  Gyorgy  (10)  claimed 
to  have  confirmed  by  dialysis  Hamburger's  (11)  contention  that 
about  15  per  cent  of  the  total  sodium  was  in  an  indiffusible  form. 
Against  the  conclusion  of  these  authors  may  be  cited  the  results 
obtained  by  Cushny  who  by  filtering  ox  serum  free  from  colloids 
at  a  pressure  of  only  150  mm.  of  mercury  found  that  all  the  non- 
colloid  constituents  of  the  serum  except  Ca  and  Mg  are  in  simple 


TABLE  I. 


Sam- 
ple 
No. 


Difference 
in  E.  M.  F. 

of 
Ag-.\gCl 
electrode 
in  sample 
and  0  123 
N  NaCl. 


-0.0027 
-0.0029 
-0.002 
-0.0029 
-0.002 
-0  003 
-0  0029 
+0.001* 


Total 

Total 

chlor- 

CI nor- 

ine 

malit,\ 

normtil- 

found 

itv 

by 

calcu- 

analy- 

lated. 

sis. 

0.1112 
0.1103 
0.1142 
0,1103 
0  1142 
0.1100 
0  1103 
0.1227 


0.1117 
0.1127 
0.1140 
0.1117 
0  1145 
0,1071 
0  1093 
0.1081 


Difference 

in  E.  M.  F. 

of  Na 

electrode 
in  sample 
andO  123 

M  NaCl. 


-0.0066 
-0.0070 
-0  1169 
-0  0070 
-0.0065 
-0  0060 
-0,0055to 

-o.ooeolo 


Total 
Na  nor- 
mality 
calcu- 
lated. 


1609 
1624 
1617 
1624 
1592 
1562 
1533 
1562 


Total 
Na  nor- 
mality 
found 

by 
analy- 


0.1495 
0.1586 
0.1582 
0.1586 
0  1494 
0  1.556 
0.1491 
0.1521 


Difference 
in  E.  M.  F. 

of  Ca 
electrode 
in  sample 
and  0  002 
M  CaCh. 


+0.020 

+0,0193 
+0.019 


Total  Ca 
molarity 
calcu- 
lated. 


0.000524 

0  000554 
0.00056 


Total 

Ca 

molarity 

found 

by 
analysis. 


0.0025 

0  00245 
0.00252 


•  Some  potassium  chloride  from  the  bridge  flowed  over. 

solution  in  the  blood.  Richter-Quittner  (3)  found  that  all  the 
sodimn  could  be  filtered  from  serum  at  low  pressures.  These 
facts  indicate  that  it  is  unlikely  that  there  is  any  appreciable 
quantity  of  bound  sodium  in  the  serum.  Evans  (12)  has  shown 
by  a  careful  calculation  that  at  a  pressure  of  40  mm.  CO2  there  is 
no  margin  left  from  the  total  cations  present  to  combine  with  the 
proteins.  In  this  work  it  was  found  that  the  concentration  of 
sodium  ions  does  not  change  more  than  1  to  2  per  cent  when  the 
pressure  of  CO2  is  varied  from  0  to  40  mm.  The  sodiimi  ap- 
parently is  not  bound  to  any  appreciable  extent. 

Most  investigators  agree  at  present  that  only  a  small  portion, 
if  any,  of  the  chlorine  in  the  serum  is  in  a  bound  or  non-diffusible 
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form.     Tliis  binding  observed  in  diffusion  is  dependent  on  the  pH 
of  the  solution  and  can  be  accounted  for  on  the  basis  of  a  Donnan 
membrane  equilibrium  existing  on  the  two  sides  of  the  filter. 
Because  of  the  greater  quantity  of  chlorine  found  in  plasma  when 
the  ashing  method  is  used  than  when  the  precipitation  of  the  pro- 
teins is  used,  Falta  and  Richtcr-Quittner   (13)   postulated  the 
existence  of  a  compound  of  fibrinogen  and  chlorine.    No  such 
difference  appears  in  the  use  of  the  two  methods  in  the  analysis 
of  serum.     These  observed  differences  in  plasma  have  been  partly 
explained,  on  the  difference  of  colloidal  condition,  so  that  these 
authors  have  recently  declared  (14)  that  the  existence  of  the 
fibrinogen-cliloride  compound  is  an  open  question.     Van  Creveld 
(15),  however,  has  proved  by  analysis  of  the  aqueous  humour, 
which  may  be  considered  as  a  dialysate  of  l3lood,  that  there  is 
actually  more  total  chlorine  in  the  aqueous  humour  obtained  on 
the  first  puncture  which  is  practically  protein-free  than  in  the 
liquid  of  the  second  puncture  wliich  contains  2  to  5  per  cent  pro- 
tein.    Van  Creveld  concludes,  therefore,  that  no  appreciable  quan- 
tity of  clJorine  is  bound.     Rona  (16)  by  compensatory  dialysis 
and  Asher  and  Rosenfeld  (17)  by  diffusion  of  serum  against  water 
concluded  that  all  of  the  chlorine  is  present  in  a  cUffusible  form. 
Cushnv  and  Richter-Quittner  have  both  found,  moreover,  that  all 
of  the 'chlorine  can  be  completely  filtered  at  low  pressures.     The 
results  in  Table  I  bear  out  the  contention  of  those  who  have 
claimed  that  no  appreciable  quantity  of  the  chlorine  is  bound. 
It  was  found,  moreover,  that  the  pressure  of  CO,  had  no  mfluence 
on  the  cWorine  concentration  in  sermn.     In  defibrinated  blood 
slight  variations  were  observed  with  varying  CO2  pressure.     As 
both  scrum  and  whole  blood  can  be  used  with  the  sodiimi  amalgam 
and  silver  chloride  electrodes,  these  methods  are  feasible  for  clinical 
investigations.^ 

From  the  results  in  Table  I  it  appears  that  about  80  ±  5  per 
cent  of  the  calcium  is  present  in  some  unionized  form.     All  in- 

2  When  defibrinated  blood  is  used,  it  should  be  remembered  that  the 
concentration  of  the  sodium  ion  in  the  serum  is  determme.1.  .Since  there 
is  less  sodium  in  the  corpuscles  than  in  plasma,  results  by  quantitative 
analysis  would  be  lower  than  those  calculated  from  the  electrometnc 
determination.  Incidentally  a  combination  of  the  electrometnc  determi- 
nation and  quantitative  analysis  would  indicate  any  abnormal  distribution 
of  sodium  between  corpuscles  and  serum. 
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vestigators  have  agreed  that  only  a  portion  of  the  calcium  is 
free.  Rona  and  Takahasi  (18)  found  by  dialysis  that  75  per  cent 
of  the  Ca  is  diffusible.  Cushny  found  that  60  to  70  per  cent  of 
the  Ca  is  filterable,  while  Richter-Quittner  (3)  who  filtered  at  even 
lower  pressures  found  only  5  to  7  per  cent  of  the  total  calcium  was 
filtered.  The  results  in  the  table  are  apparently  midway  between 
the  results  of  Cushny  and  Richter-Quittner.  From  the  results  of 
the  table  it  is  apparent  that  there  are  no  grounds  for  assimiing 
the  existence  of  any  ion-protein  combination  for  sodium  or 
chlorine,  but  that  a  calciiun-protein  compound  is  very  probable. 

SUMMARY. 

The  sodium,  chloride,  and  calcium  ion  concentrations  in  blood 
have -been  detemiined  by  suitable  electrodes.  A  comparison  of 
the  ionic  concentrations  found  -^-ith  the  total  concentrations  as 
detennined  by  ordinary  analytical  methods  indicate  that  the 
sodium  and  chloride  are  present  as  in  an  aqueous  solution  of  sodium 
chloride  (and  sodivmi  bicarbonate)  of  the  same  concentration, 
while  only  about  10  per  cent  of  the  total  calciimi  is  present  in 
ionic  form. 
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A  NOTE  ON  THE  DETERMINATION  OF  URIC  ACID. 

By  henry  JACKSOX,  Jr.,  and  WALTER  W.  PALMER. 
{From  The  Deparimenl  of  Medicine  of  The  College  of  Physicians  and  Sur- 
geons, Columbia  University,  and  the  Presbyterian  Hospital,  New  York.) 

(Received  for  publication,  June  8,  1922.) 

In  a  recent  paper'  we  described  a  reagent  which  under  given 
conditions  would  give,  with  uric  acid  a  far  greater  color  than  was 
developed  by  the  older  Folin  reagent.  The  preparation  of  this 
reagent  was  time-consuniing  and  somewhat  complicated. 

We  have  found  a  very  simple  method  by  which  the  same  result 
can  be  obtained.  The  "B"  salt  is  prepared  as  described  in  the 
previous  paper.  This  dry  solid  is  dissolved  in  95  per  cent  alcohol 
(about  250  cc.  of  alcohol  for  each  100  gm.  of  solid).  A  residue  of 
simple  phosphates  remains  undissolved.  The  solution  is  filtered, 
(more  alcohol  may  be  added  if  the  solution  does  not  filter  readily), 
and  evaporated  to  dryness  in  a  water  bath,  with  frequent 
decolorizations  with  bromine  water.  The  dry  product  is  dissolved 
in  a  little  hot  water,  decolorized  again,  and  evaporated  once  more 
to  dryness. 

A  20  per  cent  solution  is  now  made  of  tliis  purified  "B"  solid- 
accurate  to  about  1  per  cent.  To  each  100  cc.  of  this  solution 
are  added  34  cc.  of  an  exactly  2.5  per  cent  water  solution  of 
primary  calcium  phosphate  (Baker  analyzed  c.  p.). 

This  final  solution  may  now  be  used  in  the  same  manner  as  the 
more  comphcated  reagent  previously  described. 

The  same  turbidity  will  develop  in  the  final  colored  solution 
and  will  clear  up  in  the  course  of  a  few  minutes,  after  which  the 
solution  will  remain  clear  for  several  hours.  If  the  flocculent 
precipitate  does  not  entirely  disappear,  a  little  more  20  per  cent 
phosphotungstate  "B,"  as  prepared  above,  may  be  added. 
If  the  crystalline  precipitate  should  develop— in  our  experience 
it  has  not — more  calciimi  phosphate  should  be  added. 

The  rest  of  the  procedure  is  as  before  described. 

>  Jackson,  H.,  Jr.,  and  Palmer,  W.  W.,  J.  Biol.  Chem.,  1922,  1,  89. 
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CALCIUM  AND  PHOSPHORUS  METABOLISM  IN 
CHILDHOOD.* 

By  H.  C.  SHERMAN  and  EDITH  HAWLEY. 

{From  the  Department  of  Chemistry,  Columhia  University,  Nexo  York.) 

(Received  for  publication,  June  7,  1922.) 

Previous  publications  from  this  laboratory  (1,  2)  have  reviewed 
the  literature  dealing  with  the  calcium  requirement  of  the  adult 
and  have  offered  what  appears  to  be  a  satisfactory-  estunate  of 
the  average  amount  of  this  element  required  for  the  maintenance 
of  equilibrium  in  the  nomial  man  or  woman;  viz.,  0.45  gm.  per  day 
per  70  kilos  of  body  weight. 

The  present  paper  describes  experiments  designed  to  detennine 
the  rate  of  storage  of  calcium  in  normal  children  of  different  ages 
and  the  nature  and  amount  of  the  intake  required  to  support 
optimum  calcium  storage  in  the  growing  child. 

In  the  interest  of  brevity  we  omit  a  historical  re\aew  which  has 
been  summarized  elsewhere  (1,3)  and  any  attempt  to  extract  the 
data  relating  to  calcium  metabolism  from  the  recent  and  rapidly 
growing  literature  of  rickets  and  related  diseases  of  the  bones 
inasmuch  as  the  present  article  treats  only  of  the  normal  metabo- 
lism. The  outstanding  importance  of  calcium  in  the  food  require- 
ments of  growth  has  been  strikingly  demonstrated  upon  labora- 
tory animals  by  Osborne  and  Mendel  (4)  and  by  McCollum, 
Simmonds,  and  Parsons  (5).  The  results  of  previous  investiga- 
tions in  which  calcium  storage  has  been  measured  in  nonnal  chil- 
dren are  summarized  with  references  in  Table  V.     See  also  the 

*  Published  as  Contribution  Xo.  392  from  the  Department  of  Chemistry, 
Columbia  University. 

The  experiments  described  in  this  paper  were  made  possible  by  the  coop- 
eration of  the  Department  of  Social  Welfare,  New  York  Association  for 
Improving  the  Condition  of  the  Poor,  to  which  we  are  indebted  for  the 
housing  facilities  used  in  the  dietary  phases  of  the  experiments  and  for  a 
grant   from   tlie   research   fund   established   by  Mrs.   Elizabeth  Milbank 

Anderson. 
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work  of  Hoffstrom  (G)  on  the  inetalDolism  and  storage  of  calcium 
in  a  pregnant  woman. 

The  experiments  here  described  were  carried  out  in  four  series. 
The  purpose  of  the  first  series  was  to  study  the  relation  of  calcium 
retention  to  age.  Twelve  children  from  3  to  13  years  old  were 
studied  as  to  balance  of  intake  and  output  of  calcium  and  phos- 
phorus during  a  period  of  9  days.  All  the  children  were  normal 
and  received  a  normal  mixed  diet  including  a  fixed  allowance  of 
750  gm.  of  milk  per  child  per  day.  This  resulted  in  a  nearly  uni- 
form calcium  intake  of  about  1  gm.  per  child  per  day.  The  calcium 
retention  varied  from  0.15  to  0.62  gm.  per  day,  increasing  with  the 
age  and  size  of  the  child.  Calculated  to  the  basis  of  size  the  results 
show  fair  uniformity  and  indicate  an  average  daily  storage  of 
0.01  gm.  of  calcium  and  0.008  gm.  of  phosphorus  per  kilo  of 
body  weight  per  day  in  normally  growing  children  of  3  to  13 
years  of  age.  In  the  second  series  of  experiments  three  of  the 
children  who  had  served  as  subjects  during  the  first  series  were 
kept  under  continuous  control  and  observation  with  quantitative 
determination  of  intake  and  output  of  calcium  and  phosphorus 
for  48  days — a  series  of  eight  experiments  of  6  days  each — the 
calcium  intake  being  varied  from  period  to  period  by  systematic 
changes  in  the  amount  of  milk  in  the  diet,  in  order  to  determine  what 
daily  allowance  of  milk  would  induce  optimum  storage  of  calcium 
in  the  growing  organism  of  the  child.  The  three  children  studied 
in  this  series  were  4,  5,  and  12  years  of  age,  and  in  each  case  it  was 
found  that  optimum  storage  of  calciimi  required  an  allowance  of 
about  a  quart  (750  or  1,000  gm.)  of  milk  per  child  per  day. 
Combining  the  data  of  both  series  it  is  found  that  the  average 
storage  of  calcium  was  70  per  cent  higher  (0.017  gm.  as  against 
0.010  gm.  per  kilo  of  body  weight  per  day)  when  the  daily  allow- 
ance of  milk  was  increased  froin  750  to  1,000  gm.  per  child  per  day. 

T\Tien  the  food  intake  included  1,000  gm.  of  milk  per  day,  the 
other  foods  of  the  mixed  diet  being  taken  ad  libitum,  the  daily 
intake  of  calcium  by  these  normally  growing  cluldren  of  4  to  12 
years  averaged  0.053  gm.  of  calcium  per  kilo  of  body  weight,  and 
of  this  intake  approxLmatelj'  one-third  was  retained  in  the 
growing  body. 

The  experiments  of  the  third  and  fourth  series  were  designed 
to  determine  whether  cliildi'en  utilize  the  calcium  of  vegetables  as 
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weU  as  they  do  that  of  milk.     In  Scries  III  the  same  three  children 
were  used  as  in  Series  II  and  calcium  and  phosphorus  balances 
were  determined  continuously  for  27  days  divided  into  three  experi- 
ments of  9  days  each.     During  the  first  and  third  of  these  periods 
each  child  received  500  gm.  of  milk  per  day  as  the  only  calcmm- 
rich  food  of  a  mixed  diet,  while  during  the  second  period  there  were 
added  to  the  diet  such  amounts  of  carrots  and  spinach  as  would 
furnish  the  quantity  of  calcium  which  would  have  been  suppUed 
by  a  second  500  gm.  of  milk.     Had  the  calcium  of  the  vegetables 
been  utiUzed  as  efficiently  as  that  of  milk,  this  would  have  been 
equivalent  to   increasing    the    daily    allowance    of    milk    from 
500    to    1,000    gm.  and  a  distinct  increase  of  calcium  storage 
would   have   resulted   as    shown  by  the  experiments  of  Series 
II.     This   was  found  not  to  be  the  case.     In  the  final  series 
of    experiments    three    different    children    were    used    and  the 
method    of    comparing   the   utilization    of   the    calcium    of  the 
vegetables  with  that  of  milk  was  modified  by  using  750  gm. 
of  mUk  per  day  in  the  first  and  third  period  while  during  the 
second  period  one-half  of  this  milk   was   replaced   by    enough 
of  the  vegetables  to  furnish  the  same  amount  of  calcium.     Here 
again  it  was  found  that  the  cliildren  utilized  the  calcium  of  milk 
to  better  advantage  than  they  did  the  calcium  of  the  vegetables 
The  writers  entertain  no  doubt  as  to  the  desirability  of  a  liberal 
use  of  vegetables  in  the  feeding  of  children,  but  the  vegetables 
should  be  used  in  addition  to  a  liberal  allowance  of  milk  and  should 
not  be  allowed  to  reduce  the  amount  of  milk  consumed. 

EXPERIMENTAL  DATA  AND  DISCUSSION. 

First  Series. 

The  purpose  of  this  series  of  experiments  was  to  obtain  data 
which  in  conjunction  with  the  data  already  on  record  would  serve 
to  establish  quantitatively  the  extent  to  which  calcium  is  stored 
in  the  bodies  of  healthy  growing  chUdren  of  different  ages  under 
ordinary  normal  conditions  of  diet.  Twelve  healthy,  well  devel- 
oped children  from  3  to  13  years  of  age  were  studied.  Inasmuch 
as  the  data  recorded  by  previous  investigators  were  chiefly  for 
boys  (7,  8),  a  larger  luunber  of  girls  than  of  boys  were  included  in 
the  present  study.  The  twelve  children  were  divided  into  three 
groups. 
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Group  I  consisted  of  four  children  3  to  6  years  of  age.  Their 
diet  was  milk,  bread,  butter,  oatmeal,  orange  juice,  and  potato. 

Group  II  comprised  four  girls  6  to  10  years  old,  who  received 
milk,  bread,  butter,  potato,  oatmeal  or  macaroni,  orange  juice,  and 
apple.  Small  portions  of  ice-cream  were  also  given;  once  during 
the  first,  and  once  during  the  third  period. 

Group  III  consisted  of  four  girls  10  to  13  years  old.  The  diet 
for  this  group  was  milk,  bread,  butter,  oatmeal,  orange  juice,  apple, 
potato,  and  beef. 

As  the  milk  was  the  chief  source  of  calcium  in  all  cases  (as  in 
most  dietaries),  and  it  was  desired  to  insure  a  fairly  regular  intake 
of  calcium  at  about  the  level  to  which  the  children  were  accustomed, 
the  daily  allowance  of  milk  was  fixed  at  750  gm.  each  for  ten  of  the 
children;  600  and  500  gm.,  respectivelj',  for  the  remaining  two. 
The  rest  of  the  diet,  which  consisted  of  foods  of  much  lower 
calcimn  content,  was,  in  general,  partaken  of  according  to  the 
taste  and  appetite  of  the  individual. 

Table  I  shows  the  average  food  intake  of  each  child  in  grams  per 
day  of  the  food  as  served  at  the  table.  All  food  was  weighed, 
sampled,  and  analyzed  for  calcium  and  phosphorus.  The  energy 
and  protein  values  of  the  food  were  calculated  from  the  values 
given  in  Rose's  Laboratory  Handbook  for  Dietetics. 

The  children  (in  groups  of  four  as  indicated  above)  were  housed 
throughout  the  experimental  periods  in  rooms  devoted  exclusively 
to  this  purpose  where  they  were  under  the  constant  supervision 
and  care  of  one  of  the  writers  (E.  H.)  for  1  preliminary  day  and 
9  consecutive  experimental  days.  The  9  experimental  days  were 
divided  into  three  periods  of  3  days  each.  The  urine  and  feces 
of  each  child  were  collected  quantitatively  for  each  period 
(carmine  being  used  to  mark  the  beginning  and  end  of  each  period 
in  the  feces),  and  were  subsequently  analyzed  for  calcium  by  the 
McCrudden  method  and  for  phosphorus  by  the  gravimetric 
method  of  double  precipitation  first  as  ammonium  phosphomolyb- 
date  and  subsequently  as  magncsiimi  ammonium  phosphate. 

Table  II  shows  in  grams  per  day  the  average  intake,  output,  and 
balance  of  calciiun  and  phosphorus  for  each  child  during  each  3 
day  period,  and  Table  III  shows  the  daily  intake,  output,  and 
balance  for  each  child  as  averaged  for  the  9  expermiental  days 
treated  as  one  period.     As  the  balances  for  the  successive  periods 
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show  no  distinct  trend  upward  or  d()\\nward,  it  appears  probable 
that  calcium  intakes  obtaining  in  these  experiments  were  in 
general  not  very  different  from  those  to  which  the  children  were 
accustomed;  that  such  fluctuations  from  period  to  period  as  are 
shown  by  the  data  of  Talkie  II  in  the  cases  of  some  inchvidual 
children  "are  most  probably  due  to  chance  variations  of  output; 
and  that  average  balances  shown  by  Table  III  afford  the  best 
available  indication  of  the  amounts  of  calcium  and  phosphorus 
ordinarily  stored  in  normally  growing  children  of  3  to  13  years  of 

age. 

It  will  be  seen  that  with  calcium  intakes  of  0.65  to  1.02  gm.  per 
day,  the  balances  ranged  from  +0.15  to  +0.62  gm.  per  day. 
Tlie  amount  stored  does  not  in  these  cases  run  parallel  with  the 
intake,  as  between  the  different  children,  but  shows  a  closer 
relationship  to  the  age  and  size  of  the  child.  In  the  case  of 
phosphorus  the  balance  ranges  from  +0.09  gm.  on  an  intake  of 
0.80  gm.,  to  +0.53  gm.  on  an  intake  of  1.46  gm.,  the  storage  here 
showing  a  direct  relationship  both  to  the  intake  and  to  the  body 

weight. 

Table  IV  shows  the  average  daily  storage  of  calcumi  and  ol 
phosphorus  by  each  child  calculated  in  terms  of  body  weight. 
It  will  be  seen  that  under  the  dietary  conditions  of  these  experi- 
ments the  children  of  all  ages  from  3  to  13  years  show  a  fau'ly 
constant  storage  of  about  0.01  gm.  of  calcium  per  kilo  of  body 
weight  per  dav;  while  the  storage  of  phosphorus  averages  0.008 
gm.  per  kilo  of  body  weight,  but  with  much  larger  variations 
among  the  individual  children. 

In  Table  V  are  summarized  the  data  of  the  present  series  and  of 
all  similar  determinations  of  calcium  and  phosphorus  balances  of 
ormal  cluldren  which  we  have  found  in  the  Uterature,  the  data 
being  calculated  to  grams  of  element  stored  per  day  per  kilo  of 
body  weight  and  averaged  in  groups  according  to  a^e.  From  these 
data  it  appears  that  normal  storage  per  kilo  of  body  weight  is 
highest  in  the  second  half  of  the  first  year,  when  it  averages  nearly 
0  04  gm.  of  calcium  and  nearly  0.03  gm.  of  phosphorus;  at  the  age 
of  3  to  8  years  the  average  rate  of  storage  has  become  about  0.01 
gm.  each  of  calcium  and  phosphorus  per  kilo  of  body  weight 
per  day  and  continues  at  nearly  this  rate  throughout  the  following 
years  of  rapid  growth  and  development. 
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Storage  during  First  Series  of  E.r.periments,  in 
Grams  per  Day. 


X 

■X 

6 
< 

J3 

1 

Calcium. 

Phosphorus. 

In- 
take. 

Urine. 

Feces. 

Balance. 

In- 
take. 

Urine. 

Feces. 

Balance. 

Period  I. 


y- 

Tno. 

ks. 
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f/m. 

am. 

vm. 

gvi. 

Qm. 

gm. 

K.  C. 

F. 

3 

7 

16.2 

0.883 

0.025 

0.775 

+0.084 

1.029 

0.531 

0.407 

+0.091 

G.  B. 

M. 

3 

8 

15.2 

0.859 

0.015 

0.696 

+0.148 

0.917 

0.465 

0.326 

+0.125 

M.O. 

F. 

4 

7 

19.5 

0.862 

0.010 

0.598 

+0.254 

0.990 

0.497 

0.388 

+0.105 

A.  B. 

M. 

6 

21.4 

0.914 

0.107 

0.628 

+0.179 

1.168 

0.668 

0.4.32 

+0.068 

M.P. 

F. 

6 

19.1 

0.738 

0.048 

0.413 

+0.277 

0.827 

0.613 

0.204 

+0.010 

R.  G. 

it 

7 

4 

25.2 

0.892 

0.051 

0.544 

+0.297 

0.955 

0.500 

0.343 

+0.112 

R.B. 

" 

8 

9 

39.3 

0.693 

0.015 

0.288 

+0.390 

0.800 

0.532 

0.168 

+0,100 

R.  T. 

It 

9 

6 

33.0 

0.837 

0.043 

0.518 

+0.276 

0.889 

0.517 

0.316 

+0.056 

L.  M. 

It 

10 

11 

35.4 

0.976 

0.072 

0.605 

+0.299 

1.325 

0.682 

0.407 

+0.236 

A.  F. 

" 

11 

5 

34.2 

0.940 

0.026 

0.557 

+0.357 

1.205 

0.653 

0.461 

+0.091 

E.G. 

tt 

11 

7 

30.7 

0.939 

0.032 

0.459 

+0.448 

1.173 

0.594 

0.329 

+0.250 

L.  G. 

It 

13 

6 

54.9 

0.979 

0.033 

0.470 

+0.476 

1.311 

0.448 

0.355 

+0.508 

Period  II. 


K.  C. 

F. 

3 

7 

16.2 

0.873 

0.016 

0.733 

+0.124 

0.999 

0.578 

0.376 

+0.045 

G.B. 

M. 

3 

8 

15.2 

0.872 

0.028 

0.732 

+0.112 

1.008 

0..535 

0..332 

+0.141 

M.O. 

F. 

4 

7 

19.5 

0.886 

0.011 

0.740 

+0.135 

1.038 

0.506 

0.419 

+0.113 

A.  B. 

M. 

6 

21.4 

0.925 

0.108 

0..573 

+0.244 

1.231 

0.658 

0.456 

+0.117 

M.P. 

F. 

6 

19.1 

0.734 

0.024 

0.522 

+0.188 

0.884 

0.475 

0.222 

+0.187 

R.  G. 

7 

4 

25.2 

0.871 

0.055 

0.617 

+0.199 

0.968 

0.572 

0.361 

+0.035 

R.B. 

8 

9 

39.3 

0.582 

0.029 

0.370 

+0.183 

0.708 

0.520 

0.202 

-0.013 

R.  T. 

9 

6 

33.0 

0.881 

0.039 

0.631 

+0.211 

1.016 

0.449 

0.408 

+0.159 

L.M. 

10 

11 

35.4 

0  991 

0.093 

0.601 

+0.297 

1.419 

0.526 

0.441 

+0.452 

A.F. 

11 

5 

34.2 

0.974 

0.044 

0.696 

+0.234 

1.353 

0.473 

0.444 

+0.4.36 

E.G. 

11 

7 

30.7 

0.975 

0  051 

0.514 

+0.410 

1.3.50 

0..527 

0.353 

+0.470 

L.  G. 

13 

6 

54.9 

1.039 

0  068 

0.261 

+0.710 

1.547 

0.602 

0.226 

+0.719 

Period  III 

K.  C. 

F. 

3 

7 

16.2 

0.899 

0.013 

0.540 

+0.346 

1.107 

0..521 

0.319 

+0.267 

C.  B. 

M. 

3 

8 

15.2 

0.891 

0.028 

0.683 

+0.180 

1.100 

0.532 

0.3.55 

+0.213 

M.O. 

F. 

4 

7 

19.5 

0.921 

0.015 

0.74S 

+0.158 

1.190 

0.418 

0.519 

+0.253 

A.  B. 

M. 

6 

21.4 

0.946 

0.126 

0.621 

+0.199 

1.306 

0.707 

0.462 

+0.137 

M.P. 

F. 

6 

19.1 

0.751 

0.0.30 

0.497 

+0.224 

0.839 

0.537 

0.182 

+0.120 

R.  G. 

tl 

.7 

4 

25.2 

0.920 

0.066 

0.483 

+0.371 

1.017 

0.515 

0.254 

+0.247 

R.B. 

U 

8 

9 

39.3 

0.687 

0.018 

0.373 

+0.296 

0.887 

0.442 

0.251 

+0.193 

R.  T. 

it 

9 

6 

.33.0 

0.965 

0.043 

0.590 

+0.3,32 

1.176 

0.393 

0.406 

+0.377 

L.M. 

it 

10 

11 

35.4 

0.985 

0.056 

0.618 

+0.311 

1.408 

0.771 

0.409 

+0.228 

A.F. 

it 

11 

5 

34.2 

0.974 

0.02S 

0.607 

+0..339 

1.371 

0.640 

0.398 

+0.333 

E.G. 

It 

11 

7 

30.7 

0.979 

0,043 

0.526 

+0.410 

1.365 

0.711 

0.322 

+0.332 

L.G. 

tt 

13 

6 

54.9 

1.032 

0.116 

0.237 

+0.679 

1.522 

0.992 

0.175 

+0.355 
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TABLE  Iir 

Average  Calcium  and  Phosphorus  Storage  for  Ike  9  Days  of  the  First  Series, 

in  Grams  per  Day. 


Name. 


K.  C. 
C.B. 
M.O. 
A.  B. 
M.P. 
R.  G. 
R.  B. 
R.  T. 
L.  M. 
A.F. 
E.G. 
L.G. 


Age. 


Weight. 


Calcium. 


Intake.     Output.      Balance 


am. 

0.885 
0.874 
0,890 
0.928 
0.741 
0.894 
0.654 
0.894 
0.984 
0.963 
0.964 
1.017 


tim. 

0.700 
0.727 
0.707 
0.721 
0.511 
0.605 
0.364 
0.621 
0.682 
0.653 
0.541 
0.395 


pm. 

+0.185 
+0.147 
+0.183 
+0.207 
+0.230 
+0.289 
+0.290 
+0.273 
+0.302 
+0.310 
+0.423 
+0.622 


Phosphorus. 


Intake.  Output.     Balance 


gm 

1.045 

1.009 

1.073 

1.235 

0.850 

0.980 

0.798' 

1.028 

1.384 

1.310 

1.2961 

1.460 


am 
0.910 
0.848 
0.916 
1.128 
0.744 
0.848 
0.705 
0.830 
1.079 
1.023 
0.946 
0.933 


gm. 
+0.135 
+0.161 
+0.157 
+0.107 
+0.106 
+0.132 
+0.093 
+0.198 
+0.305 
+0.287 
+0.350 
+0.527 


TABLE  IV. 

Calcium  and  Phosphorus  Storage  According  to  Weight,  in  Grams  per  Kilo 

per  Day. 


i 

< 

J3 
1 

o 

31 

o 

I 

Calcium. 

Phosphorus. 

i 

!2 

In- 
take. 

gm. 

Out- 
put. 

Balance. 

In- 
take. 

gm. 

Out- 
put, 

gm. 

Balance. 

V- 

mo. 

kg. 

gm. 

gm. 

gm. 

gm. 

K 

r 

3 

7 

16  2 

so 

3.1 

0.054 

0.043 

+0.011 

0.062 

0.054 

+0.008 

C 

B 

3 

8 

15  2 

83 

3.3 

0.058 

0.04S 

+0.010 

0.067 

0.056 

+0.011 

M 

o 

4 

7 

19  5 

78 

2.8 

0.046 

0.037 

+0.009 

0.055 

0.047 

+0.008 

A 

B 

6 

?1   4 

84 

3.1 

0.043 

0.033 

+0.010 

0.058 

0.053 

+0,005 

M 

p 

6 

19  1 

78 

2.6 

0.039 

0.027 

+0.012 

0.045 

0.039 

+0,006 

F 

G 

7 

4 

25  2 

61 

2.1 

0.035 

0.024 

+0.011 

0,039 

0.034 

+0,005 

R 

B 

S 

9 

39  3 

38 

1.2 

0.017 

0.010 

+0.007 

0.020 

0.018 

+0,002 

R 

T 

9 

6 

33  n 

52 

1.8 

0.027 

0.019 

+0,008 

0.031 

0.025 

+0.006 

T, 

M 

in 

11 

35  4 

73 

2.7 

0.02S 

0.019 

+0.009 

0.039 

0.030 

+0.009 

^ 

F 

11 

5 

34  2 

67 

2.5 

0.028 

0.019 

+0.009 

0.038 

0,030 

+0,008 

F, 

G 

11 

7 

30  7 

77 

2.9 

0.031 

0.017 

+0.014 

0.042 

0.031 

+0.011 

L 

G. 

13 

6 

54.9 

55 

2.0 

0.018 

0.007 

+0.011 

0.027 

0.017 

+0.010 
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TABLE  V. 


Average  Calcium  and  Phosphorus  Storage  of  Children,  in  Grams  per  Kilo- 

per  Day. 


i 

a 

o 

6 

Caleium. 

t 

a 

"o 
6 
Z 

11 

5 

10 
11 

Phosphorus. 

In- 
take. 

Out- 
put. 

Balance. 

In- 
take. 

gjn. 
0.075 

0.115 

0.054 
0.039 

Out- 
put. 

gjn. 
0.058 
0.087 

0.046 
0.029 

Balance. 

1-6  mo. 
7-12  mo. 

1-2  yrs. 
3-8  yrs. 

9-14  yrs. 

32 

14 

5 
13 

14 

gm. 

0.090 
0.137 

0.089 
0.039 

0.027 

gm. 

0.063 
0.098 

0.070 
0.028 

0.018 

gm. 

+0.027 
+0.039 

+0.019 
+0.011 

+0.009 

gtn. 
+0.017 
+0.028 

+0.008 
+0.010 

(10-20,    25,    27) 
(9, 12, 16, 18, 21- 

23,  25,  28) 
(12) 
(7,  26,  27,  Table 

IV  above) 
(7,  8,  24,  Table 

IV  above) 

Second  Scries. 

This  series  of  experiments  was  an  intensive  studj'  of  the  calcium 
metabolism  of  three  children  to  detennine  on  what  amount  of 
calcium  they  made  optimum  storage.  Milk  was  again  used  as 
the  chief  source  of  calcium,  and  the  variations  of  calcium  intake 
were  accomplished  by  regularly  graduated  alterations  in  the 
daily  allowance  of  milk.  The  series  consisted  of  eight  consecutive 
experiments  of  6  daj's  each.  During  the  first  experiment  each 
child  received  250  gm.  of  milk  per  day;  during  the  second,  500  gm.; 
the  third,  750  gm.;  the  fourth,  1,000  gm.;  the  fifth,  1,500  gm.;  the 
sixth,  1,000  gm. ;  the  seventh,  750  gm. ;  the  eighth,  500  gm.  per  day. 
Each  6  day  experiment  was  divided  into  two  3  day  periods  for 
sampling  and  analysis  of  food  and  collection  and  analysis  of  urine 
and  feces.  The  first  3  days  of  each  experiment  were  intended  to 
allow  for  adjustment  to  the  diet  and  the  second  3  day  period  to 
show  how  much  storage  the  diet  would  induce. 

Experience  showed,  however,  that  it  was  at  least  equally  satis- 
factory to  use  the  average  of  all  6  days.  In  addition  to  mDk,  the 
diet  used  in  this  series  of  experiments  furnished  bread,  butter, 
orange  juice,  and  oatmeal  daily  with  potato  and  macaroni  in 
alternate  3  day  periods.  Apple  sauce,  corn  flakes,  and  prunes  were 
also  used.     The  amount  of  each  food  consimied  by  each  child  is 
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TABLE  VI. 


Average  Daibj  Food  Intake  Driving  the  Second  Scries  of  Experiments,  in 

Grams  per  Day. 


Experiment  No.. 


II 


III 


IV 


VI 


VII 


VIII 


E.  C,  female,  age  12  years;  weight  33.4  to  35.4  kilos. 


Milk- 
Bread 
Butter 
Orange  juice 
Oatmeal 
Potato 
Macaroni 
Cocoa 
Apple  sauce 
Corn  flakes 

Prunes 

Sugar 

Strawberries 

Cream  of  wheat 

Calories 

Protein 

Calcium 

Phosphorus 


M.  O.,  female,  age  5  years,  2  months;  weight  20.2  to  22.1  kilos. 


250 
224 
28 
60 
150 
242 


Milk 

Bread 

Butter 

Orange  juice 

Oatmeal 

Potato 

Macaroni 

Cocoa 

Apple  sauce 

Corn  flakes 

Prunes 

Sugar 

Strawberries 

Cream  of  wheat 

Calories 

Protein 

Calcium |0.3S6 

Phosphorus |0.69 


117 
125 


35 


1,469 
39 


500| 

303 

25 

58 

75 

157 
134 
150 


10 

67 
1,932 

61 
0.682 


750 
243 
25 
60 
142 
150 


30 


1,0001,500 
2841     182 


10 


1,687 

56 

0.930 


25 
62 


188 


30 


2,112 

74 

1.208 


25 
58 

134 


1,  OOOj 

175 

25 

60 

100 

215 


30 


1,922 

71 

1.727 

1.675 


29 


10 


1,960 

68 

1.196 


750 
281 
25 
60 
100 
142 


64 
11 
19 

1,753 
57 
0.954 
1.133 


500 

277 

25 

64 

100 

167 
200 


60 
10 


1,844 
60 
0.686 
0.950 
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TABLE  V 

—Concluded. 

Experiment  No 

I 

II 

III 

IV 

V 

VI 

VII 

K.  C,  female,  age  4  years,  2  months;  weight  17.0  to  18.6  kilos. 

Milk 

Bread 

Butter 

Orange  juice.. . . 

Oatmeal 

Potato 

Macaroni 

Cocoa 

Apple  sauce 

Corn  flakes 

Prunes 

Sugar 

Strawberries. . . . 
Cream  of  wheat. 

Calories 

Protein 

Calcium 

Phosphorus 


am 
250 
222 
28 
60 
142 
259 

125 
100 


38 


1,341 
40 
0.386 
0.695 


gm. 

500 

319 

25 

58 

75 

117 
134 


10 

67 
812 

60 
671 
930 


17m.        gm 

750  1, 000 


235 

25 

60 

150 

200 


30 

10 


690 

56 

933 

167 


217 
25 
62 

150 

142 


30 
10 


1,976 
68 
1.206 
1.343 


gm. 

1,500 

101 

23 

58 

75 

142 


24 

7 


1,761 
65 
1.717 


gm. 
1,000 
161 
25 
60 
84 

72 


29 
9 


1,653 
57 
1.177 
1.198 


gm 
750 
237 
25 
60 
100 
150 


52 
12 
19 

1,627 
53 
0.942 


Sm. 

500 

200 

25 

64 

100 

142 
200 


52 
13 


1,608 
52 
0.665 
0.863 


shown  in  Table  VI.  The  technique  of  weighing,  sampling,  and 
analysis  of  intake  and  output  was  similar  to  that  described  for  the 
first  series  and  three  of  the  same  children,  aged  4,  5,  and  12  years, 
served  as  subjects. 

Tables  VII  and  VIII  show  the  results  of  these  experiments, 
averaged  both  for  3  day  and  for  6  day  periods. 

The  data  show  that  E.  C.  (12  years  old)  stored  only  0.007  gm. 
of  calcium  per  kilo  of  body  weight  when  receiving  250  gm.  of 
milk  per  A&y.  As  the  intake  of  milk  was  increased  there  was  in- 
creased retention  of  calcium  up  to  0.022  gm.  per  kilo  with  1,000 
gm.  of  milk  and  0.023  gm.  per  kilo  with  1 ,500  gm.  of  milk.  Exami- 
nation of  the  results  obtained  with  K.  C.  (age  4  years)  shows  the 
same  response  to  increased  intake  except  that  the  differences  in 
amounts  of  calcium  stored  were  not  so  great.  The  results  with 
M.  O.  (age  5  years)  were  less  regulai'  and  the  storage  of  calcium 
was  lower  throughout.  The  results  of  the  series  as  a  whole 
indicate  1,000  gm.  of  milk  per  day  as  the  most  probable  intake 
required  to  support  an  optimum  storage  of  calcium  in  the  body. 
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T.\BI.E  VII. 

Calcium  and   Phosj,hora^  Storage  on   Vanjing  Amonnls   of  Milk    {Second 
Series),  in  Grams  per  Day. 


Experiment  No. 


Calcium. 


Intalce.l  Urine.  1  Feces.      Balance. 


Phosphorus. 


InUke.j  Urine.  I  Feces.      Balance 


E.  C,  female,  age  12  years;  weight  33.4  to  35.4  kilos. 


■7 


n, 
III, 

IV, 

V, 

VI, 

VII, 

VIII, 


gm 
0.425 
0.425 
0.731 
0.764 
0.981 
1.006 
1.272 
1.273 
1.803 
1.785 
1.2&5 
1 .259 
1.012 
1.019 
0.746 
0.735 


gm. 
0.026 
0.018 
0.034 
0.033 
0.021 
0.033 
0.087 
0.102 
0.119 
0.127 
0.129 
0.178 
0.126 
0.099 
0.102 
0.121 


lim 

0.204 
0.15S 
0.240 
0.277 
0.230 
0.245 
0.432 
0.361 
0.799 
0.S92 
0.516 
0.429 
0.438 
0.281 
0.238 
0.215 


gm. 
+0.195 
+0.249 
+0.457 
+0.454 
+0.730 
+0.727 
+0.753 
+0.810 
+0.885 
+0.766 
+0.620 
+0.652 
+0.448 
+0.639 
+0.406 
+0.399 


gm. 

gm. 

0.893 

0.438 

0.879 

0.487 

1.124 

0.650 

1.297 

0.371 

1.398 

0.549 

1.522 

0.584 

1.604 

0.714 

1.634 

0.750 

2.082 

1.193 

1.935 

1.140 

1.570 

0.943 

1.547 

0.881 

1.352 

0.928 

1.382 

0.883 

1.146 

0.536 

1.110 

0.529 

om 

0.280 
0.236 
0.230 
0.357 
0.199 
0.258 
0.304 
0.272 
0.442 
0.329 
0.338 
0.278 
0.289 
0.191 
0.199 
0.195 


am. 
+0.175 
+0.156 
+0.244 
+0.569 
+0.650 
+0.680 
+0.586 
+0.612 
+0.447 
+0.466 
+0.289 
+0.388 
+0.135 
+0.308 
+0.411 
+0.386 


M.  O.,  female,  age  5  years,  2  months;  weight  20.2  to  22.1  kilos. 


I,  1 

0.381 

0.023 

0.284 

+0.074 

2 

0.392 

0.016 

0.253 

+0.123 

II,  1 

0.679 

0.016 

0.472 

+0.191 

•) 

0.684 

0.019 

0.417 

+0.248 

III,  1 

0.929 

0.025 

0.713 

+0.191 

2 

0.931 

0.022 

0.704 

+0.205 

IV,  1 

1.207 

0.027 

0.905 

+0.275 

o 

1.209 

0.023 

0.949 

+0.237 

V,  1 

1.735 

0.033 

1.494 

+0.208 

2 

1.719 

0.021 

1.473 

+0.225 

VI,  1 

1.196 

0.022 

0.863 

+0.311 

2 

1.195 

0.026 

0.895 

+0.274 

VII,  1 

0.952 

0.022 

0.730 

+0.200 

2 

0.955 

0.025 

0.786 

+0.144 

VIII,  1 

0.700 

0.034 

0.565 

+0.101 

2 

0.671 

0.025 

0.504 

+0.142 

0.675 
0.719 
0.920 


0.334 
0.325 
0.369 


1.730 
1.620 
1.278 

1.119 
1.147 
1.014 
0.886 


0.658 
0.699 

0.578 

0.523 
0.529 
0.436 
0.450 


0.289 
0.256 
0.308 


+0.052 
+0.138 
+0.243 


0.769 

0.73' 

0.474 

0.359 
0.415 
0.321 
0.261 


+0.303 
+0.1S4 
+0.226 

+0.237 
+0.203 
+0.257 
+0.175 
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T.-\BLE  Vll-Conduded. 


Experiment  No. 


Calcium. 


I  Intake.    Urine.     Feces.      Balance. 


Phosphorus. 


Intake.    Urine.     Feces.  I    Balance. 


K.  C,  female,  age  4  years,  2  months;   weight   17.0  to   18.6  kilos. 


I,  1 

2 

II,  1 

2 

III,  1 
2 

IV,  1 

2 

V,   1 
2 

VI,  1 

2 

VII,  1 
2 

VIII,  1 
2 


t/m. 

gm. 

0.386 

0.019 

0.385 

0.010 

0.668 

0.027 

0.67-1 

0.029 

0.931 

0.037 

0.934 

0.031 

1.210 

0.049 

1.202 

0.037 

1.731 

O.Olli 

1.702 

0.025 

1.174 

0.035 

1.179 

0.021 

0.940 

0.035 

0.943 

0.044 

0.670 

0.034 

0.659   0.034 

0">. 

l/m. 

am. 

om. 

gm. 

gm. 

0.180 

+0.187 

0.688 

0.239 

0.168 

+0.281 

0.203 

+0.172 

0.701 

0.283 

0.180 

+0.238 

0.321 

+0.320 

0.S94 

0.379 

0.185 

+0.330 

0.453 

+0.192 

0.965 

0.447 

0.249 

+0.269 

0.562 

+0.332 

1.159 

0.539 

0.266 

+0.3.54 

0.667 

+0.236 

1.175 

0.543 

0.282 

+0.350 

0.858 

+0.303 

1.351 

0.780 

0.333 

+0.238 

0.886 

+0.279 

1.334 

0,669 

0.393 

+0.272 

1.449 

+0.236 

1.733 

0.759 

0.698 

+0.276 

1.290 

+0.387 

0.939 

+0.200 

1.186 

0.606 

0.376 

+0.204 

0.836 

+0.322 

1.210 

0.553 

0.322 

+0.335 

0.592 

+0.313 

1.077 

0.509 

0.241 

+0.327 

0.678 

+0.221 

0.409 

+0.227 

0.891 

0.541 

0.190 

+0.160 

0.440 

+0.185 

0.834 

0.500 

0.210 

+0.124 

Third  Series. 

The  experiments  of  this  series  were  undertaken  to  determine 
whether  children  could  utilize  calcium  in  the  fomi  of  vegetables 
as  efficiently  as  thej'  had  utUized  the  calcium  of  milk  in  the  experi- 
ments described  above.  The  three  children  who  had  been  used 
in  the  second  series  served  again  as  subjects. 

There  were  three  consecutive  experiments  of  9  days  each,  tliis 
longer  time  being  allowed  in  order  to  provide  ample  opportunity 
for  adjustment  to  the  dietarj^  changes  involved.  Each  child 
received  throughout  these  experiments  500  gm.  of  milk  per  day 
with  bread,  butter,  oatmeal,  and  orange  juice.  During  the  first  9 
daj's  the}-  received  a  large  amount  of  potato,  selected  as  a  famihar 
and  acceptable  vegetable  of  low  calciiun  content.  During  the 
second  9  days  they  received,  instead  of  the  potato,  carrots  and 
spinach  in  such  amount  as  to  make  the  total  calcium  of  the  diet 
the  same  as  that  of  the  diet  containing  1,000  gm.  of  milk  which  in 
the  second  series  had  induced  optimun  storage.  During  the  last 
9  days  the  diet  was  the  same  as  during  the  first.     Each  of  the  9 
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day  experiments  was  divided  into  three  3  day  periods  for  collection 
and  analysis  of  foods,  feces,  and  urine. 

T.A.BLE  VIII. 

Average  Calcium  and  Phosphorus  Balances  for  the  Second  Series  of  Experi- 
ments, in  Grams  per  Day. 


Experi- 
ment No. 


Calcium. 


Intake.  Output.     Balance, 


Balance 
per  kilo. 


Phosphorus. 


Intake.  Output.     Balance 


Balance 
per  kilo. 


E.G.,  female,  age  12  years;  weight  33.2  to  35.4  kilos. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 


(/m. 

gm. 

gnt. 

gm. 

am. 

gm. 

pm. 

0.425 

0.203 

+0.222 

+0.007 

0.886 

0.721 

+0.165 

0.748 

0.292 

+0.456 

+0.013 

1.211 

0.804 

+0.407 

0.994 

0.265 

+0.729 

+0.021 

1.460 

0.795 

+0.665 

1.273 

0.491 

+0.782 

+0.022 

1.619 

1.020 

+0.599 

1.794 

0.969 

+0.825 

+0.023 

2.009 

1.552 

+0.4.57 

1.262 

0.626 

+0.636 

+0.018 

1.559 

1.220 

+0.339 

1.015 

0.472 

+0.544 

+0.015 

1.367 

1.146 

+0.221 

0.741 

0.338 

+0.403 

+0.011 

1.128 

0.730 

+0.398 

gm. 
+0.005 
+0.012 
+0.019 
+0.017 
+0.013 
+0.010 
+0.006 
+0.011 


M.  0 

.,  female,  age  5  years, 

2  months;  weig 

ht  20.2  to  22.1 

kilos. 

I 

0.386 

0.288 

+0.098 

+0.005 

0.697 

0.602 

+0.095 

+0.005 

II 

0.682 

0.462 

+0.220 

+0.011 

III 

0.930 

0.732 

+0.198 

+0.009 

IV 
V 

1.208 
1.727 

0.952 
1.510 

+0.256 
+0.217 

+0.012 
+0.010 

1.675 

1.432 

+0.243 

+0.011 

VI 

VII 

VIII 

1.196 
0.954 
0.686 

0.903 
0.782 
0.564 

+0.293 
+0.172 
+0.122 

+0.014 
+0.008 
+0.006 

1.133 
0.950 

0.913 
0.734 

+0.220 
+0.216 

+0.010 
+0.010 

K.  C,  female,  age  4  years.  2  months;  weight  17.0  to  18.6  kilos. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 


0.386 
0.671 
0.933 
1.206 
1.717 
1.177 
0.942 
0.665 


0.206 
0.415 
0.649 
0.915 
1.405 
0.916 
0.675 
0.459 


+0.180 
+0.256 
+0.284 
+0.291 
+0.312 
+0.261 
+0.267 
+0.206 


+0.011 
+0.015 
+0.016 
+0.016 
+0.017 
+0.015 
+0.015 
+0.011 


0.695 
0.930 
1.167 
1.343 

1.198 

0.863 


0.435 
0.630 
0.815 
1.088 

0.929 

0.721 


+0.260 
+0.300 
+0.352 
+0.255 

+0.269 

+0.142 


+0.015 
+0.017 
+0.020 
+0.014 

+0.015 

+0.008 


Tables  IX,  X,  and  XI  give  the  detailed  data  of  these  experi- 
ments presented  in  the  same  general  manner  as  in  the  previous 
series. 


JorRN.\L  OF  BIOLOGIC .VL  CHEMISTRY.  VOL.  LIII.  NO.  2 


390 


Ca  and  P  Metabolism  in  Childhood 


TABLE  IX. 

Average  Daily  Food  Intake  during  the  Third  Series  of  Experiments,  in  Grams 

per  Day. 


Food. 


Experiment  I. 


Experiment  11. 


Experiment  III. 


E.  C,  female,  age  12  years,  9  months;  weight  36.6  to  3S.4  kilos. 


Milk 

Bread 

Butter 

Orange  juice 

Oatmeal 

Potato 

Spinach 

Carrots 

French  dressing. 

Sugar 

Calories 

Protein 

Calcium 

Phosphorus 


gm. 

gm. 

gm. 

gm. 

om. 

gm. 

gm. 

500 

500 

500 

500|  500 

500 

500 

317 

474 

579 

633 

593 

598 

567 

30 

30 

30 

30 

30 

30 

30 

73 

80 

80 

80 

80 

SO 

80 

150 

150 

150 

150 

150 

150 

150 

483 

577 

600 

279 

279 

16 

350 

300 

15 

349 

317 

15 

589 

10 

10 

10 

15 

20 

20 

15 

1,815 

2,272 

2,554 

2,711 

2,650 

2,669 

2,539 

58 

74 

84 

92 

91 

92 

83 

0.687 

0.740 

0.774 

1.201 

1.267 

1.258 

0.769 

0.945 

1.109 

1.205 

1.349 

1.417 

1.428 

1.191 

gm. 

500 
500 
30 
80 
150 
600 


gm. 
500 
467 
30 
80 
150 
600 


15 
2,370 

77 
0.750 
1.139 


15 
2,285 

74 
0.740 
1.111 


M.  O.,  female,  age  5  years,  10  months;  weight  22.0  to  23.0  kilos. 


Milk 

Bread 

Butter 

Orange  juice 

Oatmeal 

Potato 

Spinach 

Carrots 

French  dressing. 

Sugar 

Calories 

Protein 

Calcium 

Phosphorus 


500 

500 

500 

500 

500 

500 

500 

499 

245 

303 

358 

387 

402 

367 

333 

179 

25 

25 

25 

25 

25 

25 

25 

25 

73 

80 

80 

80 

80 

80 

80 

80 

142 

150 

150 

150 

167 

167 

183 

83 

417 

450 

450 

222 
222 

8 

250 

250 

12 

250 

283 

12 

450 

433 

5 

5 

5 

10 

15 

15 

10 

10 

1,531 

1,707 

1,842 

1,924 

2,037 

1,955 

1,828 

1,353 

50 

56 

61 

67 

70 

67 

60 

42 

0.6.59 

0.679 

0.696 

1.033 

1.071 

1.056 

0.691 

0.639 

0.860 

0.924 

0.970 

1.079 

1.162 

1.146 

0.961 

0.791 

500 
217 
25 
80 
150 
450 


10 
1,505 

48 
0.653 
0.851 


K.  C,  female,  age  4  years,  11  months;  weight  18.7  to  19.8  kilos. 


Milk.. 

Bread 

Butter 

Orange  juice. 


500 

500 

500 

500 

500 

500 

500 

500 

180 

203 

276 

275 

263 

232 

250 

233 

25 

25 

25 

25 

25 

25 

25 

25 

73 

80 

80 

80 

80 

80 

80 

SO 

500 

183 

25 

80 
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TABLE  IX— Concluded. 


Experiment  I.             Experiment  II. 

Experiment  III. 

1      1      2            3            1            2      1     3 

1           2      1     3 

K.  C,  female 

age  4  years,  11  months;  weight  18.7  to 
19.8  kilos— Conchided. 

On+TnpT.!             

gm. 
142 
517 

5 

1,412 

45 

0.646 

0.838 

gm. 
100 
483 

5 

1,432 

46 

0.646 

0.833 

gm. 

117 

450 

5 

1,615 

53 

0.668 
0.889 

gm. 

150 

208 

208 

12 

10 

1,650 

56 

0.977 

0.971 

gm. 

150 

250 

250 

15 

15 

1,686 

57 

1.028 

1.040 

gm. 
183 

250 

267 

15 

15 

1,632 

55 

1.014 

1.034 

gm. 
200 
467 

10 
1,631 

53 
0.670 
0.902 

gm. 
200 
494 

10 
1,601 

52 
0.667 
0.897 

gm. 
200 

Pntato                   

517 

Rninfirh              

Oarrots             

French  dressing 

10 

1,482 

Protpin              

47 

0.653 

Phosphortis 

0.863 

The  results  here  are  more  variable  than  in  either  of  the  other 
series,  but  show  in  the  case  of  each  of  the  children  studied  a  much 
lower  storage  of  calcium  on  the  high  vegetable  diet  than  on  the 
diets  previously  used  in  which  the  same  or  even  smaller  amounts  of 
calcium  were  supplied  in  the  form  of  milk.  The  phosphorus 
balances  are  discussed  in  connection  with  those  of  the  fourth  series 
below. 

Fourth  Series. 

Since  the  experunents  of  the  third  series  were  made  in  February 
and  it  has  been  found  (29)  that  in  general  children  do  not  maintain 
such  active  growth  in  mnter  as  in  smnmer,  it  was  thought  that  this 
might  perhaps  have  been  a  factor  in  the  low  rates  of  storage  of 
calcium  and  phosphorus  on  the  diets  in  which  vegetables  replaced 
half  of  the  milk.  Hence  another  series  of  experunents  (fourth 
series)  was  carried  out  during  August  and  September.  The  plan 
of  the  experiments  was  also  modified  to  pro\ade  for  a  more  direct 
comparison  of  the  vegetables  and  mUk  as  sources  of  calcium  for 
the  growing  child.  In  this  (fourth)  series,  750  gm.  of  mUk  per 
day  were  given  during  the  first  9  days;  during  the  next  15  days 
the  daily  allowance  of  milk  was  reduced  to  375  gm.  and  enough 
vegetables  were  added  to  yield  an  equivalent  amount  of  calcium ; 
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TABLE  X. 


Calcium  and  Phosphorux  Balaiioes  in  the  Experiments  of  the  Third  Series, 
in  Grams  per  Day. 


Experiment  No. 


Calcium. 


Intake.    Urine.     Feces.      Balance. 


Phosphorus. 


Intake.    Urine.    Feces.      Balance. 


E 


C,  female,  age  12  years,  9  months;  weight  36.6  to  38.4  kilos. 


II, 


III, 


0,687 
0.740 
0.774 
1.201 
1.267 
1.258 
0.769 
0.750 
0.740 


om 

0.037 
0.036 
0.047 
0.065 
0.056 
0.067 
0.070 
0.068 
0.057 


gm 

0.368 
0.550 
0.693 
0.801 
1.231 
1.048 
0.583 
0.553 
0.577 


gm. 

+0.282 
+0.154 
+0.034 
+0.335 
-0.020 
+0.143 
+0.116 
+0.129 
+0.106 


em 

0.945 
1.109 
1.205 
1.349 
1.417 
1.428 
1.191 
1.139 
1.111 


gm 

0.557 
0.722 
0.785 
0.847 
0.924 
0.947 
0.672 
0.738 
0.592 


gm 

0.263 
0.354 
0.430 
0.313 
0.429 
0.352 
0.337 
0.356 
0.362 


gm. 
+0.125 
+0.033 
-0.010 
+0.189 
+0,064 
+0.129 
+0.182 
+0.045 
+0.157 


M.  0.,  female,  age  5  years,  10  months; 

weight  22.0  to  23.0  kilos. 

I,      1 

0.659 

0.005 

0.491 

+0.163 

0.860 

0.471 

0.356 

+0.033 

2 

0.679 

0.009 

0.551 

+0.119 

0.924 

0.523 

0.354 

+0.047 

3 

0.696 

0.010 

0.525 

+0.161 

0.970 

0.587 

0.346 

+0.037 

11,      1 

1.033 

0.013 

0.912 

+0.108 

1.079 

0.622 

0.413 

+0.044 

2 

1.071 

0.015 

1.014 

+0.042 

1.162 

0.639 

0.414 

+0.109 

3 

1.056 

0.016 

0.962 

+0.078 

1.146 

0.577 

0.400 

+0.169 

III,       1 

0.691 

0.013 

0.579 

+0.099 

0.961 

0.459 

0.427 

+0.075 

2 

0.639 

0.010 

0.460 

+0.169 

0.791 

0.529 

0.267 

-0.005 

3 

0.653 

0.007 

0.596 

+0.050 

0.851 

0.549 

0.398 

-0.096 

K.  C,  female,  age  4  years,  11  months;  weight  18.7  to  19.8  kilos. 


I, 

1 

0.646 

0.019 

0.549 

+0.078 

0.838 

0.483 

0.332 

+0.023 

2 

0.646 

0.016 

0.502 

+0.128 

0.833 

0.505 

0.281 

+0.047 

3 

0.668 

0.022 

0.457 

+0.189 

0.889 

0.541 

0.247 

+0.101 

11, 

1 

0.977 

0.016 

0.785 

+0.176 

0.971 

0.627 

0.307 

+0.037 

2 

1.02S 

0.019 

0.901 

+0.108 

1.040 

0.625 

0.294 

+0.121 

3 

1.014 

0.015 

0.977 

+0.023 

1.034 

0.456 

0.352 

+0.226 

Hi, 

1 

0.670 

0.020 

0.472 

+0.178 

0.902 

0.416 

0.258 

+0.228 

2 

0.607 

0.019 

0.392 

+0.256 

0.897 

0.548 

0.220 

+0.129 

3 

0.653 

0.016 

0.563 

+0.074 

0.863 

0.510 

0.320 

+0.033 

H.  C.  Sherman  and  E.  Hawley 


393 


after  whioh  the  subjects  returned  for  a  period  of  6  days  to  the 
diet  of  the  first  9  days.  Carrots,  spinach,  and  celery  served  as 
the  vegetable  source  of  calcium.  The  rest  of  the  diet  was  similar 
to  that  used  in  the  former  experiments— bread,  butter,  orange 
juice,  oatmeal,  potato,  and  apple. 

Three  children  served  as  subjects:  L.  M.,  a  girl  of  13  years; 
V.M.,  a  girl  10  years  old;  and  A.  M.  a  boy  6  years  old.  Table 
XII  shows  the  food  intake  of  each  child  and  Tables  XIII  and  XIV 

TABLE  XI. 

Average  Calcium  and  Phosphorus  Balances  in  the   Third  Series  of 
Experiments,  in  Grams  per  Day. 


Experi- 
ment No. 


Calcium. 


Intake.  Output. 


Balance. 


Balance 
per  kilo. 


Phosphorus. 


^   .      .      T.  1  Balance 

Intake.  Output.     Balance.        per  kilo. 


E.  C,  female,  age  12  years,  9  months;  weight  36.6  to  38.4  kilos. 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

I 

0.734 

0.577 

+0.157 

+0.004 

1.086 

1.037 

+0.049 

+0.001 

II 

1.242 

1.090 

+0.152 

+0.004 

1.398 

1.271 

+0.127 

+0.003 

III 

0.753 

0.636 

+0.117 

+0.003 

1.147 

1.019 

+0.085 

+0.002 

M.  O.,  female,  age  5  years,  10  months;  weight  22.0  to  23.0  kilos. 


I 

II 
III 


0.678 
1.053 
0.661 


0.530 
0.977 
0.555 


+0.148 
+0.076 
+0.106 


+0.007 
+0.003 
+0.005 


0.918 
1.129 
0.868 


0.879 
1.022 
0.876 


+0.039 
+0.107 
-0.008 


+0.002 
+0.005 
±0.000 


K.  C,  female,  age  4  years,  11  months;  weight  18.7  to  19.8  kilos. 


I 

II 
III 


0.6.54 
1.006 
0,663 


0.522 
0.904 
0.494 


+0.132 
+0.102 
+0.169 


+0.007 
+0.005 
+0.009 


0.853 
1.015 

0.887 


0.796 
0.887 
0.757 


+0.057 
+0.128 
+0.130 


+0.003 
+0.007 
+0.007 


show  the  data  of  intake  and  output  of  calcium  and  phosphorus. 
The  second  girl,  \.  M.,  did  not  continue  during  the  final  6  day 
period  of  the  series. 

In  all  three  cases  the  storage  of  calcium  during  the  first  9  days 
approximates  the  average  figure  found  in  the  first  series  of  experi- 
ments, 0.01  gm.  per  kilo  of  body  weight  per  day  and  in  all  three 
cases  the  balance  liecame  much  less  favorable  when  half  of  the 
milk  was  replaced  by  vegetables.     In  the  case  of  L.  M.  tonsilitis 
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TABLE  XII. 


Average  Daily  Food  Intake  during  the  Fourth  Series  of  Experiments,  in 

Grams   per  Day. 


Food. 

Experiment  I. 

Experiment  II. 

Experiment 
III. 

1            2            3 

1            2      1     3      1      4            5 

1       1      2 

L.  M.,  female,  age  12  years,  9  months;  weight  48  kilos. 

Milk 

Bread 

Butter 

Orange  juice 

Oatmeal 

Potato 

Apple 

Spinach 

Carrots 

String  beans 

Celery 

Sugar 

Calories 

Protein 

Calcium. ... 
Phosphorus. 


gm. 

gm. 

gm. 

gm. 

am. 

gm. 

gm. 

gm. 

gm. 

750 

750 

749 

375 

375 

375 

375 

375 

750 

405 

467 

500 

500 

520 

533 

400 

468 

452 

40 

40 

40 

38 

40 

40 

40 

40 

40 

70 

83 

85 

85 

85 

85 

85 

85 

85 

150 

150 

150 

150 

150 

150 

150 

150 

150 

483 

483 

500 

117 

200 

200 

200 

200 

550 

65 

89 

98 

58 

117 

133 

104 

88 

191 

300 

330 

308 

263 

296 

100 

100 

100 

100 

100 

17 

40 

57 

50 

8 

9 

35 

8 

8 

8 

8 

8 

8 

2,277 

2,461 

2,662 

2,218 

2,352 

2,405 

2,036 

2,207 

2,512 

73 

79 

82 

73 

76 

78 

65 

72 

79 

1.027 

1.047 

1.057 

1.030 

1.076 

1.091 

1.002 

1.056 

1.053 

1.285 

1.343 

1.379 

1.078 

1.139 

1.152 

1.019 

1.091 

1.366 

gm. 
750 
500 
40 
85 
150 
550 
210 


8 

2,646 

83 

1.068 

1.408 


V.  M.,  female,  age  10  years,  3  months;  weight  32.4  to  32  kilos. 


Milk 

Bread 

Butter 

Orange  juice 
Oatmeal .... 

Potato 

Apple 

Spinach 

Carrots 

String  beans 

Celery 

Sugar 

Calories 

Protein 

Calcium. . . . 
Phosphorus . 


750 

750 

750 

375 

375 

375 

375 

375 

167 

252 

300 

333 

253 

247 

351 

358 

40 

40 

40 

38 

37 

38 

40 

40 

70 

83 

85 

85 

85 

85 

85 

85 

150 

150 

150 

150 

150 

133 

150 

150 

450 

450 

450 

117 

200 

100 

100 

100 

66 

80 

92 

62 

82 

66 

113 

88 

266 

243 

196 

200 

200 

117 

100 

167 

200 

200 

28 

50 

100 

100 

5 

6 

35 

5 

5 

5 

5 

5 

1,534 

1,872 

2,121 

1,779 

1,587 

1,546 

1,896 

1,899 

50 

59 

63 

57 

50 

48 

59 

60 

0.959 

0.985 

0.999 

0.953 

0.874 

0.8S9 

0.981 

0.981 

1.075 

1.152 

1.193 

0.931 

0.S.5S 

0.833 

0.959 

0.962 
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TABLE  xn— Concluded. 


Food. 

Experiment  I. 

Experiment  II. 

Experiment 
III. 

1            2            3 

1           2      1     3      1     4           5 

1           2 

A.  M.,  male, 

age  6  years,  1  month;  weight  17.1  to  17.9  kilos. 

Milk            

750 
108 
27 
70 
150 
400 

5 

1,318 

44 

0.932 

0.999 

gm. 

750 

180 

30 

83 

150 

400 

62 

5 

1,571 

51 

0.958 

1.069 

gm. 

750 

200 

30 

85 

150 

400 

69 

30 
1,728 

53 
0.964 
LOSE 

gm. 

375 

200 

30 

85 

150 

117 

53 

233 

133 

17 

5 
1,363 

44 
0.876 
0.803 

gm. 

375 

200 

30 

85 

150 

200 

59 

275 

100 

5 
1,390 

45 
0.860 
0.803 

gm. 

375 

237 

30 

77 

150 

200 

22 

247 

100 

33 

5 

1,460 

49 
0.910 
0.857 

gm. 

375 
227 

30 

85 
150 
200 

55 
250 

100 

10 

5 

1,454 

47 
0.897 
0.850 

gm. 

375 

198 

30 

85 

150 

200 

33 

216 

100 

46 

5 

1,364 

44 

0.873 
0.81£ 

gm. 

750 

205 

30 

85 

150 

450 

51 

5 

1,651 

54 

0.968 

1.106 

gm. 

750 

Bread           

200 

Butter        

30 

Orange  juice 

85 
150 

Potato             

450 

26 

Sninach         

String  beans 

Celery     

SiiEiir           

5 

Oalories       

1,622 

53 

Oflloiiini            . .  .  . 

0.965 

1.099 

complicated  the  last  6  days  (but  only  these)  of  the  second  period. 
V.  M.  found  it  so  difficult  to  accept  the  high  vegetable  diet  that 
her  food  intake  was  not  uniform  during  the  first  half  of  the  second 
period.  A.  M.  showed  the  most  favorable  results  with  the  high 
vegetable  diet  but  even  here  the  substitution  of  vegetables  for 
half  of  the  milk  affected  the  calcium  balance  very  unfavorably. 

Rose  has  shown  (30)  that  it  is  possible  to  meet  the  calcium  re- 
quirement of  the  human  adult  by  the  use  of  carrots,  and  somewhat 
similar  results  have  been  published  by  Blatherwick  and  Long  (31) 
since  the  experiments  here  described  were  made.  There  is  no 
doubt  that  the  calcium  of  vegetables  is  assimilable  by  man  and 
is  a  factor  in  the  food  value  of  the  vegetables  and  one  reason  for 
including  them  in  the  diet.  The  experiments  which  we  here 
described  appear  to  show  quite  definitely  that  milk  is  much 
superior  to  vegetables  as  a  source  of  calcium  for  the  growing 
child.  The  superiority  of  milk  to  vegetables  as  a  source  of 
calcium  for  dogs  had  previously  been  shown  by  McClugage  and 
Mendel  (32). 
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TABLE  XIII. 

Calcium  and  Phosphorus  Balances  for  the  Fourth  Series  of  Experiments,  in 

Grams  per  Day. 


Experiment  No. 


Calcium. 


Intake.    Urine.    Feces.      Balance. 


Phosphorus. 


Intalie.    Urine.     Feces.      Bala: 


L.  M.,  female,  age  12  years,  9  months;  weight  48  kilos. 


11, 


III, 


1 
2 
3 
1 
2 
3 
4 
5 
1 
2 


em 

1.027 
1.04' 
1.057 
1.030 
1.076 


091 
002 
056 
053 


1.06S 


gm 

0.067 
0.076 
0.082 
0.066 
0.046 
0.054 
0.046 
0.054 
0.059 
0.079 


gm. 
0.554 
0.498 
0.539 
0.738 
0.704 
0.808 
0.793 
0.912 
0.661 
0.618 


om. 

+0.406 
+0.473 
+0.436 
+0.226 
+0.326 
+0.229 
+0.163 
+0.090 
+0.333 
+0.371 


am. 

1.285 
1.343 
1.379 
1.078 
1.139 
1.152 
1.019 
1.091 
1.366 
1.408 


gm. 
0.768 
0.822 
0.748 
0.797 
0.860 
0.776 
0.837 
0.861 
0.897 
0.931 


gm 

0.335 
0.292 
0.299 
0.305 
0.326 
0.255 
0.331 
0.318 
0.398 
0.353 


gin. 

+0.182 
+0.229 
+0.332 
-0.024 
-0.047 
+0.121 
-0.149 
-0.088 
+0.069 
+0.124 


V.  M.,  female,  age  10  years,  3  months;  weight  32.4  to  32.0  kilos. 


I, 


II. 


1 

0.959 

0.098 

0.595 

+0.266 

1.075 

0.680 

0.296 

+0.099 

0.985 

0.122 

0.616 

+0.247 

1.152 

0.767 

0.221 

+0.164 

3 

0.999 

0.141 

0.5S8 

+0.270 

1.193 

0.802 

0.247 

+0.144 

1 

0.953 

0.142 

0.709 

+0.102 

0.931 

0.763 

0.238 

-0.070 

2 

0.874 

0.105 

0.611 

+0.158 

0.858 

0.676 

0.214 

-0.032 

3 

0.889 

0.104 

0.811 

-0.026 

0.833 

0.634 

0.240 

-0.041 

4 

0.981 

0.104 

0.736 

+0.141 

0.959 

0.737 

0.219 

+0.003 

5 

0.981    0.090 

0  691 

+0.200 

0.962 

0.663 

0.224 

+0.075 

A.  M.,  male,  age  6  years,  1  month;  weight  17.1  to  17.9  kilos. 


II, 


III, 


1 
2 

3 
1 
2 
3 

4 
5 
1 


0.932 

0.958 

0.964 

0.876 

0.860 

0.910 

0.897 

0.873 

0.968 

0.965 


0.032 
0.031 
0.029 
0.021 
0.016 
0.015 
0.010 
0.014 
0.025 
0.025 


0.669 
0.710 
0.786 
0.739 
0.694 
0.820 
0.798 
0.767 
0.642 
0.638 


+0.231 
+0.217 
+0.149 
+0.116 
+0.150 
+0.075 
+0.089 
+0.092 
+0.301 
+0.302 


0.999 
1.069 
1.089 
0.803 
0.803 
0.857 
0.850 
0.815 
1.106 
1.099| 


0.477 
0.567 
0.620 
0.555 
0.496 
0.516 
0.526 
0.486 
0.602 
0.306 


0.299 
0.298 
0.324 
0.252 
0.294 
0.281 
0.306 
0.286 
0.299 
0.344 


+0.223 
+0.204 
+0.145 
-0.004 
+0.013 
+0.060 
+0.022 
+0.043 
+0.205 
+0.449 
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The  six  children  studied  by  us  will  be  seen  to  have  given 
somewhat  variable  results  as  regards  storage  of  phosphorus  on 
the  vegetable-rich  diets.  In  some  cases  (third  series)  they  stored 
as  much  phosphorus  from  the  vegetable-rich  as  from  the  milk-rich 
diets,  while  in  other  cases  the  phosphorus  Ijalance  like  the  calcium 
balance  was  very  unfavorably  affected  when  vegetables  were 
substituted  for  half  of  the  milk  in  the  diet. 

TABLE  XIV. 

Average  Calcium  and  Phosphorus  Balances  for  the  Fourth  Series  of 
Experiments,  in  Grams  per  Day. 


Experi- 
menl  No. 

Calcium. 

phosphorus. 

Intake. 

Output. 

Balance. 

Balance 
per  kilo. 

Intake. 

Output. 

Balance. 

Balance 
per  kilo. 

L.  M.,  female,  age  12  years,  9  months;  weight  48  kilos. 


gm. 

am. 

gm. 

gm. 

am. 

gm. 

gm. 

gm. 

I 

1.044 

0.605 

-1-0.439 

+0.009 

1.336 

1.088 

+0.248 

+0.005 

II 

1.051 

0.844 

+0.207 

+0.004 

1.096 

1.133 

-0.037 

-0.001 

III 

1.060 

0.708 

+0.352 

+0.007 

1.387 

1.290 

+0.097 

+0.002 

V.  M.,  female,  age  10  years,  3  months;  weight  32.4  to  32.0  kilos. 


I 
II 


0.981 
0.939 


0.720 
0.824 


+0.261 
+0.115 


+0.008 
+0.004 


1.140 
0.911 


1.004 
0.924 


+0.136 
-0.013 


+0.004 
±0.000 


A.  M.,  male,  age  6  years,  1  month;  weight  17.1  to  17.9  kilos. 


I 
II 

III 


0.951 
0.894 
0.967 


0.752 
0.789 
0.665 


+0.199 
+0.105 
+0.302 


+0.011 
+0.006 
+0.017 


1.052 
0.833 
1.103 


0.861 
0.806 
0.776 


+0.191 
+0.027 
+0.327 


+0.011 
+0.002 
+0.018 


SUMMARY  AND  CONCLUSIONS. 

The  complete  balance  of  intake  and  output  of  calcium  (and  in 
most  cases  also  of  phosphorus)  has  been  detennined  in  four 
progressive  series  of  experiments  including  in  all  21  children  between 
the  ages  of  3  and  14  years  and  covering  a  total  of  417  experi- 
mental days  in  139  experiments  of  3  days  each. 

On  an  ordinary  mixed  diet  containing  daily  750  gm.  of  milk  and 
furnishing  a  total  of  0.74  to  1.02  gm.  of  calcium  per  day,  children 
3  to  13  years  of  age  stored  0.15  to  0.62  gm.  of  calciimi  per  day,  the 
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amount  being  approximately  proportional  to  the  size  of  the  child 
and  averaging  0.01  gm.  of  calcium  per  kilo  of  body  weight  per  day. 

When  the  daily  allowance  of  milk  was  increased  to  1,000  gm.  the 
storage  of  calcium  was  increased.  The  results  obtained  indicate 
that  optimmn  storage  of  calcium  is  made  when  the  diet  contains 
1  quart  of  milk  per  day  for  each  cMd.  This,  with  a  nomial  allow- 
ance of  other  foods,  will  usually  mean  a  daily  intake  of  at  least  1 
gm.  of  calcium  for  the  growing  child. 

Children  do  not  seem  to  utilize  the  calcium  of  vegetables  as 
efficiently  as  they  do  that  of  milk.  In  the  experiments  here 
reported  the  calcimn  balances  were  more  variable  and  always  less 
favorable  when  vegetables  replaced  about  half  of  the  milk  as 
source  of  calcium. 

In  general  the  conditions  influencing  the  storage  of  calcium 
tended  to  influence  that  of  phosphorus  in  the  same  direction; 
but  as  all  the  experiments  here  described  were  planned  primaiily 
with  reference  to  calcium,  the  data  for  phosphorus  are  not  discussed 
in  corresponding  detail. 

The  finding  here  reported,  that  children  from  3  to  13  years  old 
fequire  an  intake  of  a  gram  of  calcium  per  day  to  induce  optimiun 
storage  of  this  element  has  an  important  bearing  upon  standards 
for  calcium  in  family  dietaries.  It  has  been  found  that  the  average 
requirement  for  maintenance  is  0.45  gm.  of  calcium  per  man  per 
day,  and  it  has  been  customary  to  allow  a  margin  of  50  per  cent 
above  this  actual  maintenance  requirement  thus  making  an  allow- 
ance of  0.68  gm.  per  day  as  a  "dietary  standard"  for  calcium. 
Since  the  child  of  3  to  13  years,  although  eating  less  food  than  the 
toan,  will  need  more  than  0.68  gm.  of  calcium  in  his  food  to  support 
optmium  calcimn  storage  and  bone  and  tooth  development,  it 
would  seem  that  a  higher  dietary  standard  for  calcium,  perhaps  1 
gm.  or  more  per  man  per  day,  would  be  better  in  all  cases  in  which 
the  group  of  people  to  be  fed  includes  any  growing  children. 

In  view  of  the  results  obtained  with  different  foods  as  sources  of 
calcium  it  is  desirable  also  to  emphasize  the  importance  of  a  quart 
of  milk  per  day  for  every  child,  and  it  would  be  best  to  maintain 
this  level  of  milk  intake  up  to  at  least  the  age  of  12  to  14  years. 
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THE  INFLUENCE  OF  POSITION   AND  OF  TEMPERATURE 

UPON  THE  REACTION    OF    ALIPHATIC  AMINO 

NITROGEN  WITH  NITROUS  ACID. 

By  max  S.  DUNN  and  CARL  L.  A.  SCHMIDT. 

(From  the  Departmenl  of  Biochemistry  and  Pharmacology  of  the  University 

of  California,  Berkeley.) 

(Received  for  publication,  May  10,  1922.) 

The  influence  of  molecular  structure  on  chemical  reactivity  is 
illustrated  by  a  comparison  of  the  tune  required  for  the  -amino 
and  the  e-amino  nitrogen  of  lysine  to  react  with  HNO^.     Van 
Slvkei  found  that  while  the  a-amino  groups  of  the  ammo-acids 
Yield  their  nitrogen  completely  in  4  to  5  mmutes  when  shaken 
with  HNO.  a  half  hour    is  required   for   the  e-ammo  group  to 
react  quan'titatively.     The  velocity  of  the  reaction  is  markedly 
influenced  by    temperature.     At  24°C.   the    ----  f'^p^^ 
lysine  yields  its  nitrogen  in  15  minutes  and,  accordmg  to  Sure 
and  Hart,=  the  reaction  is  completed  in  5  minutes  by  raising  the 
temperature  to  37°C.     Van  Slyke's  experiments  suggest    hat  the 
reaction  between  amino  nitrogen  and  HNO.  is  one  of  the  first 
order     He  found  that  at  19°C.  approximately  70  per  cent  of  the 
.-amino  nitrogen  is  set  free  in  the  first  5  minutes  and  an  additional 
25minutes  are  required  in  order  that  the  reaction  "^^y  ^e  com- 
pleted.    Sure  and  Hart^  treated  lysine  with  H^O.  at  1  C.  and 
measured  the  gas  which  was  given  off  after  shaking  for  5  minutes 
They  found  that  the  yield  of  nitrogen  corresponded  to  one-half  o 
the  nitrogen  content  of  lysine  and  from  this  fact  they  conclude  that 
low  temperatures  have  a  retarding  effect  on  the  e-amino  and  not 
on  the  «-amino  group  of  lysine.     Without  giving  due  ^o-'^^er- 
ation  to  the  time  factor  Sure  and  Hart  conclude  that  at  1  C.  it  is 
possible  to  render  the  eamino  group  of  lysine  entirely  mactive. 

.  Van  Slvke,  D.  D.,  J.  Biol.  Chem.,  1911,  ix,  199;  1912,  xiUS2. 
2  Sure,  B.,  and  Hart,  E.  B.,  J.  Biol.  Chem.,  1917,  xxxi,  S-T. 
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The  seemingly  sweeping  conclusions  of  Sure  and  Hart  indicate 
a  some^-hat  paradoxical  condition  in  lysine;  viz.,  that  lowermg  of 
temperature  is  without  influence  on  the  reactivity  of  the  a-amino 
group  while  the  same  factor  serves  to  prevent  the  reaction  be- 
tween HJvO,  and  the  .-amino  group.     It  appears  to  us  that  the 
facts  are  more  nearly  in  accord  mth  the  dynamics  of  chemical 
reactions  if  it  be  assumed  that  both  reactions  are  influenced  bv 
the  factor  of  temperature.     Since,  however,  the  velocity  of  the 
reaction  between  HNO,  and  the  a-amino  nitrogen  is  large  as  com- 
pared with  that  of  the  .-amino  group,  a  lowering  of  the  tempera- 
ture whJe  in  reahty  retarding  both  reactions,  seemingly  appears 
to  mlubit  the  latter  reaction  entirely.     Estimation  of  the  amount 
of  ammo  mtrogen  which  is  given  off  when  lysine  is  treated  with 
HNO,  for  a  period  of  5  minutes  is  an  insufficient  criterion  on  which 
to  base  the  conclusions  which  are  advanced  by  Sure  and  Hart 

It  appeared  to  us  that  a  study  of  the  rates  of  reactions  of'ah- 
phatic  ammo  nitrogen  when  in  positions  relative  to  the  carboxvl 
group  vai^-mg  from  the  alpha  to  the  epsilon  affords  an  excellent 
opportunity  for  the  correlation  of  molecular  structure  and  chemical 
reactu.ty.     Incidentally  we  have  also  studied  the  influence  of 
temperature  on  the  time  required  for  the  a-  and  the  e-amino  group 
to  react  quantitatively.     This  infonnation  is  of  both  practical 
and  theoretical  mterest.     If  the  conclusions  of  Sure  and  Hart 
vath  respect  to  the  inactivity  of  the  e-amino  group  are  correct 
a  ba.3  would  be  afforded  on  which  a  method  L  the  est^S 
ot  the  a-  and  the  .-  ammo  nitrogen  in  protein  products  could  be  de- 
veloped.    Our  data,  however,  do  not  bear  out  the  conclusions 
ot  these  experunenters. 

The  alanine,  ^-alanine,  and  5-amino-n-valeric  acid  used  in  the 
experiments  were  Kahlbaum  products.  The  Ivsine  picratewas 
prepared  by  the  Special  Chemicals  Co.,  and  the  5-amino-n-valeric 
acid  was  procured  from  the  Chemical  Manufactures  Department 

shnwd  TrTl  f  "^^"'-  Estimations  of  amino  nitrogen 
showed  that  all  of  the  products  were  of  a  high  degree  of  purity. 
Casein  was  prepared  according  to  the  procedure  of  Van  Slvke  and 

omkterf  T^'"!  l^"'   '!"'    *''"*'"^"*    ^^'^    (NH.).C;0.    was 

omitted      The  solutions  of  ammo-acids  were  prepared  so  that  a 

given  aliquot  would  yield  nearly  exact  equivalent  amounts  of 

'  Van  Slyke,  L.  L.,  and  Bosworth,  A.  W.,  J.  Biol.  Chem.,  1913,  x-iv,  203. 
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ritrogen.     In  each  instance  approximately  15.8  mg    of  ammo 
nitrogen  were  contained  in  each  25  cc.  volumetric  flask.  _  A  vol- 
ume of  2  cc.  was  taken  for  analysis.     This  contamed  approxmiately 
1  26  mg   of  nitrogen  and  yielded  slightly  more  than  2  cc.  of  gas 
when  the  reaction  was  carried  to  completion.     With  the  exception 
of  lysine  each  of  the  25  cc.  amino-acid  solutions  contamed  2  cc. 
of  0  1  N  NaOH.     The  lysine  picrate  was  brought  mto  solution 
bv  the  addition  of  11  cc.  of  0.1  n  NaOH  and  the  casein  was  dis- 
solved with  the  aid  of  100  mg.  of  Na^CO,.     AH  of  the  amino 
nitrogen  estimations  with  the  exception  of  those  m  which  the 
reaction  was  allowed  to  proceed  below  15°C.  were  earned  out  ma 
room  maintained  within  0.5°C.  of  the  indicated  temperature  by 
means  of  a  thermoregulator,  a  hot-plate,  and  an  electric    fan. 
The  experiments  at  8.5°C.  and  at  4°C.  were  carried  out  in  an  ice 
chest     The  lower  temperature  was  obtained  by  placmg  a  large 
cake  of  ice  near  the  Van  Slyke  apparatus  and  by  keeping  the  air 
constantly  in  circulation  with  the  aid  of  an  electric  fan.     A  glass 
door  with  conveniently  located  openings  permitted  the  mampula- 
tion  of  the  apparatus. 

For  the  purpose  of  securing  comparable  results  the  following  technique 
was  followed  in  estimating  amino  nitrogen.     All  solutions  and  the  appara- 
tus were  kept  at  the  indicated  temperature  for  some  time  before  carrymg 
out  the  estimations  of  nitrogen.    For  the  lower  temperatures  it  was  found 
necessary  to  keep  the  glacial  acetic  acid  at  a  temperature  of  12  C   smce  at 
temperatures  lower  than  this  it  freezes.     In  order  to  have  the  reacting  mix- 
ture at  the  indicated  temperature,  acetic  acid  at  12°C.  was  allowed  to  flow 
into  the  reaction  chamber,  NaNO.  was  then  added,  and  the  mixture  was 
allowed  to  stand  for  some  time  in  order  that  it  might  come  to  the  desired 
temperature.     Before  adding  the  solution  of  amino-acid  the  temperature 
of  the  reaction  mixture  was  taken  to  insure  its  being  at  the  same  tempera- 
ture as  that  indicated  by  the  thermometer  on  the  outside  of  the  apparatus. 
The  speed  of  the  motor  was  regulated  so  as  to  give  about  300  vibrations  per 
minute  to  the  deaminizing  chamber.    0.5  cc.  of  water  was  introduced  into 
the  chamber  to  form  a  protective  layer  while  admittmg  the  amino-ac.d 
solution.    This  prevented  the  reaction  from  proceeding  to  any  consideral.le 
extent  before  the  entire  amount  of  amino-acid  solution  was  added.    The 
deaminizing  chamber  was  first  shaken  by  hand  in  order  to  secure  immediate 
mixing  of  the  solutions  and  the  shaking  was  then  contmued  by  means  of 

the  motor.  .  .  , ,„ 

The  estimation  of  free  amino  nitrogen  in  casern  at  temperatures  above 
0°C  was  carried  out  according  to  the  procedure  outlined  above.  The 
following  technique  was  used  in  carrying  out  the  reaction  at  0  O.     A 
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flask  contaming  100  cc.  of  30  per  cent  NaNO.  solution  and  50  ec.  of  glacial 
acefc  acid  was  brought  to  a  temperature  of  -0.-»C.  by  immersion  in  a 
vessel  wh>ch  contained  a  mixture  of  equal  parts  of  ice  and  66  per  cent 
UsbO^.  At  this  temperature  there  was  but  little  evolution  of  Ka<!  Drv 
casern  was  added  to  the  mixture  and  the  flask  was  occasionalfy  shaken 

TABLEJI. 

The  Influence  of  the  Position  of  the  NH,  Group  in  Certain  Amino-AcUs 

upon  the  Rate  of  Deamination  with  HNO.  at  $3*C. 


Time. 

Amino  nitrogen  liberated. 

Alanine. 

j9-Alanine. 

T-Amino-?(- 
valeric  acid. 

5-Aniino-n- 
valeric  acid. 

e-Amino- 
caproicacid.* 

mm. 

per  cent 

Ki 

per  Cent 

A't 

per  cen 

Kt 

per  cent 

A't 

per cen 

Kt 

1.0 

55 

— 

57 

— 

20 





2.0 

84 

0.46} 

— 

— 





36 

2.5 

96 

0.70§ 

86 

0.33 





3.0 

99 

0.85§ 

90 

0.32 

58 

0.14 

58 

3.5 

97 

0.50t 

96 

0.41 

— 

51 

0.08 

4.0 

— 

— 

95 

0.31 

— 



4.5 

— 

— 

97 

0.32 

74 

0.14 

_ 

5.0 
6.0 
6.5 

100 

97 

0.27 

78 

0.14 

82 

78 

0.18 
0.12 

— 

— 

— 

— 

84 

0.12 

7.0 

100 



S.O 
8.5 

92 

0.14 

— 

— 

88 

0.11 

9.0 

95 

0.15 

88 

0.11 

— 

— 

9.5 

10.0 
11.5 
13.0 
13.5 

100 

— 

100 

— 

97 

0.17 

I 

100 

— 

92 
100 

0.09 

97 

0.11 

15.0 

— 

101 

— 

17.0 

— 

— 

100 

— 

18.0 

100 

100 

— 

+  ».-  _  r°      :       r     ,  «:-a.mmo  group  ol  lysine  picrate. 

T  A  -  Constant  for  the  monomolecular  reaction. 
t  Based  on  the  first  observer's  data. 
§  Found  by  the  second  observer. 

during  the  course  of  the  reaction.  At  the  conclusion  of  the  desired  interval 
o  time  the  contents  of  the  flask  were  filtered  by  suction  through  a  hardened 
file  paper  which  had  previously  been  moistened  with  10  per  cent  NaCl 
wi  h  Nans  rV  7'  '^-  The  deaminized  casein  was  washed  repeatedly 
with  NaCl  solution  to  remove  the  HNO„  care  being  taken  that  in  all  of  the 
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procedures  the  temperature  did  not  rise  above  0°C.  The  product  was 
successively  washed  with  distilled  water,  absolute  alcohol,  and  anhydrous 
ether  and  dried  in  air  at  60°C.  The  substance  so  obtained  is  a  pale,  yellow 
amorphous  powder  which  does  not  darken  on  exposure  to  air. 

The  experimental  results  are  presented  in  Tables  I  to  IV.  ^  A 
number  of  independent  estimations  with  each  of  the  amino-acids 
used  were  carried  out  by  each  of  the  writers  both  as  a  check  and 
as  a  measure  of  the  variability  inherent  in  the  method.  The 
factor   of   error  readies  its  greatest   magnitude   when  the   time 

TABLE  II. 
The  Influence  of  Temperature  Upon  the  Reaction  of  Alanine  with  HNOi. 


Time. 

Amino  nitrogen  liberated  at. 

23°C. 

15°C. 

8.5°C. 

4.0°C. 

viin. 

per  cent 

per  cent 

per  cent 

per  cent 

1.0 

55 

41 

2.0 

84 

82 

2.5 

96 

— 

3.0 

99 

88 

61 

3.5 

97 

— 

— 

4.0 

— 

98 

— 

5.0 

100 

100 

78 

6.0 

100 

— 

S.O 

97 

10.0 

100 

12.0 

100 

82 

15.0 

92 

18.0 

100 

21.0 

100 

The  average  value  for  A'  at23°C.  is  0.48;  at  15°C.,  0.45;  at8.5°C.,  0.22;  and 
at4''C.,0.12. 

interval  is  short,  since  the  maximum  percentage  of  total  amino 
nitrogen  is  given  off  during  the  first  interval  of  time.  Towards 
the  end  of  the  experiment  the  amount  of  gas  which  is  given  off  is  so 
small  that  it  is  unpossible  to  determine  whether  the  gas  which  is 
measured  represents  a  continuation  of  the  reaction  or  experi- 
mental error.  Since  it  was  not  possible  for  us  to  secure  an  am- 
ino-acid  containing  only  an  e-ammo  group,  use  was  made  of  ly- 
sine. Estimation  of  the  amino  nitrogen  in  this  substance  includes, 
at  any  time,  gas  which  is  given  off  from  both  the  a-  and  the  e-amino 
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group.  In  order  to  determine  the  rate  of  reaction  of  the  "epsilon" 
group  the  first  interval  of  time  at  which  an  estimation  of  nitro- 
gen was  carried  out  was  so  chosen  that  all  of  the  a-amino  nitrogen 

TABLE  III. 
The  Infiuence  of  Temperature  Upon  the  Reaction  of  the  e-Amino  Group 
of  Lysine  Picraie  with  HNO2. 


Time. 


2.0 
3.0 
4.0 
5.0 
6.0 
8.0 
10.0 
11.0 
12.0 
13.0 
13.5 
15.0 
17.0 
18.0 
20.0 
25.0 
30.0 
34.0 
38.0 
40.0 
45.0 
48.0 
50.0 
55.0 


30°C. 


percent 
41 
67 

89 

95 
100 
101 


Amino  nitrogen  liberated  at. 


20°C. 


per  cent 


90 

99 

100 

100 


23°C. 


58 


88 


97 
101 
100 

100 


irc. 


92 
92 

97 

100 
100 


per  cent 


62 


95 
100 
100 


15°C.  8.5°C. 


per  cent 


4°C. 


per  cent 


88 

93 

100 

100 


94 

97 

100 

100 


The  average  value  for  at  K  30°C.  is  0.29;  at  23°C.,  0.11 ;  and  at  15°C  .  0  05 
The  data  for  other  temperatures  are  insufficient  for  the  calculation  of  the 
value  for  K. 


was  set  free.  This  time  was  found  from  the  reaction  curve  of 
alanine  and  in  applying  these  data  to  the  "alpha"  group  of 
lysine  we  do  not  believe  that  an  error  of  considerable  magni- 
tude  IS   introduced   by  assuming  that  the   rate  of  reaction  of 
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the  a-amino  group  of  lysine  is  the  same  as  that  of  alanme. 
Our  results  indicate  that  the  rate  of  reaction  of  both  the 
a-  and  the  e-amino  group  is  markedly  influenced  by  tem- 
perature. The  6-amino  group  of  lysine  reacts  more  slowly 
than  the  «-amino  group  and  only  about  20  per  cent  of  mtrogen 
gas  will  be  given  off  by  the  fonner  when  shaken  for  5  mmutes  with 
HNO2  at  temperatures  near  0°C.  The  curve  (Fig.  1)  showmg  the 
minimum  tune  required  for  alanine  to  yield  its  nitrogen  quan- 

TABLE  IV. 

Influence  of  Temperature  Upon  the  Reaction  of  Casein  with  HNO,. 

Free  amino  nitrogen  liberated  at. 


2rc. 

15°C. 

o^c. 

min. 

peT  cent 

per  cent 

■per  cent* 

Kt 

5.0 

21 
37 

0.020 

10.0 

46 

0.017 

15.0 

18.0 

83 

" 

21.0 

95 

— 

24.0 

98 

— 

25.0 

— 

87 

— 

27.0 

100 

— 

— 

29.0 
30.0 

100 

98 

75 

0.020 

34.0 

100 

— 

38.0 

100 

90 

0.026 

40.0 

60.0 

' 

100 

120.0 

100 

-      .»             _      -    __-          1 

*  The  difference  between  the  amino  nitrogen  content  of  the  original 
untreated  casein  and  the  amino  nitrogen  left  in  the  treated  product. 
]  K  =  Constant  for  the  monomolecular  reaction. 

titatively  at  varj-mg  temperatures  indicates  that  within  the  usual 
range  of  room  temperature  the  reaction  is  complete  withm  a  period 
of  4  mmutes.  Under  shnUar  conditions  a  quantitative  jaeld  ot 
e-amino  nitrogen  is  obtained  in  a  half  hour.  For  practical  pur- 
poses considerable  time  may  be  gained  by  the  use  of  the  tempera- 
ture curve  for  the  epsUon  group  of  lysine.  The  curve  necessarily 
includes  experimental  errors,  hence  as  a  factor  of  safety  2  to  5 
minutes,  depending    on  the   temperature,  more  than  the  tmie 
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indicated  by  the  curve  should  be  allowed  in  the  estimation  of  the 
.-ammo  group  of  lysine.  Comparison  of  our  time  values  with 
those  given  by  other  investigators  for  several  temperatures  shows 
a  satisfactory  agreement. 

The  values  for  A'  calculated  according  to  the  monomolecular 
formula  show  a  fair  agreement,  sufficient  however  to  estabhsh 
the  fact  that  the  reaction  between  aliphatic  amino  nitrogen  and 

TSIt'^  °^  ^^"^  ^'^^  °'"'^'"'-     ^^'^ ''  ^"^  ^^  expected  since  the  amount 
ot  HNO2  present  is  m  such  great  excess  of  that  used  up  by  the 


ime  (mmutesj 


Fig.  1.  Curve  showing  the  effect  of  temperature  upon  the  time  required 
tor  the  a-  and  the  e-NHj  group  to  react  quantitatively  with  HNO2. 
Pomt  e  taken  from  the  data  of  Sure  and  Hart. 

reaction  that  its  concentration  is  practically  a  constant  and  the 
rate  of  nitrogen  set  free  is  dependent  only  on  the  concentration 
of  ammo  nitrogen.  The  probable  values  of  A'  at  23°C.  for  the 
ammo-acids  studied  are:  alanine  0.48,  /^-alanine  0.33,  7-amino-n- 
valeric  acid  0.14,  6-amino-n-valeric  acid  0.13,  6-amino-caproic 
acid  0.11.  In  studying  reactions  which  proceed  with  the  speed 
as  indicated  by  the  values  for  A  consideralile  experimental  error 
cannot  be  avoided  and  this  is  usually  magnified  when  the  estima- 
tions are  carried  out  by  several  observers. 
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The  results  also  show  that  the  time  required  for  the  amino  group 
of  the  aliphatic  amino-acids  which  were  studied,  to  yield  its 
nitrogen  quantitatively  when  treated  with  HNOo  varies  directly 
as  the  distance  from  the  carboxyl  group.  Increasmg  the  distance 
of  the  amino  group  from  the  carboxyl  group  necessitates  a  longer 
period  of  time  in  order  that  a  quantitative  yield  of  nitrogen  may 
be  obtained.  Fig.  2  also  shows  the  relationship  between  the  posi- 
tion of  the  amino  group  of  the  amino-acids  studied  and  the  values 
of  K  at  23°C.  calculated  upon  the  assmnption  that  the  reaction 
between  amino  nitrogen  and  HNO2  obeys  the  monomolecular 
formula.  When  casein  is  treated  with  HNO2  it  will  be  noted 
that  the  time  which  is  reciuired  in  order  to  obtain  all  of  the  free 


Positcon 

Fig  2.  Curves  showing  the  relation  of  the  position  of  the  amino  group 
(with  reference  to  the  COOH  group)  in  certain  amino-acids  to:  (a)  the 
time  required  to  react  quantitatively  at  23°C.  with  HNO.  and;  (b)  the 
value  of  A'  at  23''C.  calculated  upon  the  assumption  that  the  reaction 
between  amino  nitrogen  and  HNO2  obeys  the  monomolecular  formula. 

amino  nitrogen  is  somewhat  greater  than  that  necessary  for  the 
deamination  of  the  epsilon  group  of  lysine  picrate.  However,  due 
consideration  must  be  given  to  the  fact  that  casein  in  the  presence 
of  acetic  acid  is  precipitated  from  its  solution  giving  a  heterogenous 
mixture.  The  factor  of  surface  enters.  In  order  to  react,  the 
HNOo  must  penetrate  the  particles  of  precipitated  casein,  hence 
it  is  to  be  expected  that  the  reaction  time  is  prolonged.  A  fairly 
good  agreement  between  the  reaction  time  of  lysine  picrate  and  of 
casein  is  obtained  by  a  comparison  of  the  results  which  were 
obtained  with  lysine  at  4°C.  and  with  casein  at  0°C.  The  reaction 
at  the  low  temperature  is  sufficiently  slow  so  that  the  factors  of 
surface  and  penetration  are  minimized. 
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SUMMARY. 

The  rates  of  deanunation  of  the  a-  and  of  the  e-amino  groups  of 
certain  amino-acids  are,  between  0  and  30°C.  markedly  influenced 
by  temperature.  Contrary  to  the  statement  of  Sure  and  Hart 
lowermg  of  the  temperature  was  found  to  decrease  the  speed 
of  deamination  of  the  a-amino  group  (of  alanine)  and  not  totally  to 
inhibit  the  complete  liberation  of  nitrogen  from  the  .-amino  group 
of  lysine.  The  influence  of  the  position  of  the  amino  group  ^\ith 
respect  to  the  carboxyl  group  in  certain  other  amino-acids  upon 
the  tmie  required  to  yield  their  nitrogen  quantitatively  was  also 
studied. 

When  treated  with  HNO,  at  ordinary  temperatures  casein  gives 
off  it^s  nitrogen  somewhat  more  slowly  than  lysine.  Reasons  for 
this  difference  are  advanced. 


THE  WATER-SOLUBLE  CONSTITUENTS  OF  THE 
ALFALFA    PLANT.* 

By  THOMAS  B.  OSBORNE,  ALFRED  J.  WAKEMAN, 
AND  CIL\RLES  S.  LEAVENWORTH. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Exveriment  Station, 

Neio  Haven.) 

(Received  for  publication,  June  26,  1922.) 
In  a  previous  paper^  we  described  a  method  whereby  relatively 
large  quantities  of  a  chlorophyll-free  juice  can  be  obtained  from 
the  alfalfa  plant  within  so  short  a  time  that  autolytic  changes 
presumably  are  largely  avoided.  In  the  present  paper  we  record 
observations  made  respecting  some  of  the  chemical  constituents 

""^RecognSng  the  fact  that  we  are  faced  by  a  chemical  problem 
of  great  complexity,  for  the  present  we  have  i^framed  from 
attempting  to  isolate  definite  substances  from  this  juice  and  have 
directed  our  efforts  to  discovering  methods  whereby  fratrons 
containing  groups  of  substances  can  be  obtamed  which  rnay  afford 
abetter  Starting  point  for  detailed  studies  than  has  heretofore 

^'weTave^already  shown  that  adding  20  per  cent  by  weight  of 
alcohol  to  the  clear  brown  freshly  expressed  chlorophyll-free 
alfalfa  juice  precipitates  the  "colloids"  and  that  these  consist 
chiefly  of  protein  combined  with  coloring  matters  possibly  lelate^ 
to  the  flavones,  together  with  calcium  phosphate.  This  pre- 
cipitate, which  we  have  called  the  "colloid  precipitate,'  wa 
equal  t;  about  18  per  cent  of  the  sohds  of  the  jmce  of  the  p  ants 
used  for  this  investigation.  We  have  reason  to  beheve  that  he 
proportion  of  the  "colloids"  varies  somewhat  with  the  age  of  the 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agrilultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash.ng- 

ton,  Washington,  D.C.  .u  r^  a     T  Rial  C hem 

i  Osborne,  T.  B.,  Wakeman.  A.  J.,  and  Leavenworth,  C.  S.,  J.Bwl.the,n.. 

1921,  xlix,  63. 
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plant  and  the  conditions  of  its  growth,  and  for  this  reason  all 
quantitative  data  given  in  this  paper  apply  only  to  the  particular 
lot^of  plants  examined  and,  of  course,  are  only  approximate. 

On  long  standing  the  filtrate  from  the  "colloid  precipitate" 
gradiia  ly  yields  a  small  deposit  which,  in  one  case,  was  equal  to 
about  1.3  per  cent  of  the  solids  of  the  juice.     This  precipitate, 
which  contained  about  18  per  cent  of  ash  and  11  5  per  cent  of 
nitrogen,   consisted  largely  of  protein  and  calcium  phosphate 
together  with   "fiavone-like"  substances,  and  behaved  toward^ 
acids  and  alkalies  as  does  the  "colloid  precipitate."     This  appears 
to  be  a  residue  of  the  latter  which  was  not  immediately  pre- 
cipitated by  adding  20  per  cent  of  alcohol  to  the  freshlv  expressed 
jmce.     The  filtrate  from  this  small  spontaneous  separation  was 
perfectly  c  ear,  bright  red  in  color  and  free  from  all  colloids,  as 
shown  bj^  the  absence  of  any  Tyndall  effect  when  exposed  to  a 
beam  of  sunlight.     The  substances  in  this  solution  are,  therefore, 
to  be  regarded  as  m  true  solution. 

rhirflv"/'"^  '°'"*'T  ""'T  ""'''  "'"*'''"  *°  ''♦""•'^  ^  precipitate,  consisting 
ch  efl>  of  calcaum  phosphate  and  protein,  separated.     This,  when  washed 

"nj  of  ti:;::Hd"o?  rr"'"  '•'^°'"'  ^"^  ""^^^  ^*  ^°^°'  --  ^^^-i  *»  3.4  pe' 

Z  fiVfi  n  t  /    .'  P;!f -J"'^"-     It  contained  4.9  per  cent  of  nitrogen 

n  all  of  the  nitrogen  belongs  to  protein  this,  together  with  the  ash  would 
account  for  over  94  per  cent  of  this  precipitate. 

When  the  alcohol  content  of  the  filtrate  from  the  "colloid 
precipitate  'is  raised  to  53  per  cent  by  weight  by  adding  an  equal 
volume  of  93  per  cent  alcohol  a  second  precipitate,  No.  II  is 
produced,  which  in  the  experiment  to  be  described  was  equal  to 
about  14  per  cent  of  the  solids  of  the  fresh  alfalfa  juice  used  for 
tile  1  olio  wing  experiments. 

Alfalfa  plants  from  a  late  cutting  (Lot  49)  made  on  Sept.  7,  1921  when 
the  plants  were  just  beginning  to  blossom,  were  ground  as  descr  bed  in  our 

thTiX:  Xh'  ■■^"'  '"^"'  "  ^'^  '^^■'^^""'=  P---  The  first  port'no 
whin  K         ^'^^i^r""'  ^^«  collected  separately  from  the  later  portion 

^  h.ch  was  brown      The  press-cake  was  ground  up  with  the  green  juice  and 
pressed  again,  whereby  all  of  the  chlorophyll  was  retained  by    h      ake 
The  united  brown  press-juices  measured  4  liters.     The  press-cakes  were 

prtS;  [h:  taT  ''  T'"^  ''-'  ''"''' '-''  '  "'"^  "^  cli^tniL.  SerYn" 
pressing,  the  final  washings  being  nearly  free  from  color.  The  results  of 
this  procedure  are  given  in  the  following  table. 
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Alfalfa  taken  =  7.752  gm.  fresh  plants,  Lot  49. 


Taken. 


Press-juice. 
1st  wash... 
2nd  "  ... 
3rd  "  ... 
Residue. . . . 


Dry  solids.' 


sm. 

1,863 


Total. 


469.60 

139.20 

53  34 

23  85 

1,105.00 


Nitrogen. 


Ash. 


74.22 


1,790.99 


23  50 
5  05 
1  59 
0.76 

42.72 


am. 

168.1 


79  39 

25.60 

9.00 

2.62 

47.72 


73  62 


164  33 


*  All  weights  of  solids  were  determined  by  drying  for  24  hours  or  more  at 
105°  to  nearly  constant  weight.  It  was  practically  impossible  to  obtain  a 
really  constant  weight  for  most  of  the  fractions  obtained,  presumably 
because  these  are  syrups  which  retain  water  with  great  tenacity^  The 
weights  given  must  therefore  be  regarded  as  approximate,  but  we  believe 
they  are  sufficiently  accurate  to  serve  all  the  purposes  for  which  hey  can 
be  reasonably  employed  in  interpreting  the  results  of  such  a  prehminarj 
inve,stigation  as  is  described  in  this  paper.  In  all  cases  the  weights  given 
are  corrected  for  samples  previously  taken  for  analysis. 

We  thus  found  that  of  this  lot  of  alfalfa  36.9  per  cent  of  the 
dry  solids,  41.6  per  cent  of  the  nitrogen,  and  69.3  per  cent  of  the 
inorganic  matter  were  soluble  in  water. 

About  5  hours  after  the  alfalfa  plants  had  been  cut  1,344 cc.  of  93  percent 
alcohol  were  added  to  the  4  liters  of  brown  press-juice,  making  the  alcohol 
content  of  the  solution  about  20.5  per  cent  by  weight.  1  he  voluminous 
precipitate  therebv  produced  was  at  once  collected  on  two  large  folded 
filters  and  allowed'to  drain  over  night .  The  next  morning  an  equal  volume 
of  93  per  cent  alcohol  was  added  to  the  filtrate  making  its  alcoholic  content 
about  53  per  cent.  This  precipitate  was  filtered  out  The  precipitate 
produced  by  20  per  cent  alcohol,  which  contained  the  colloid  constitu- 
ents of  the  juice  was  very  voluminous  and  retained  a  large  amount  of 
the  solution  from  which  it  had  separated,  its  total  solids  being  equal  o 
144  57  gm.  When  washed  twice  with  20  per  cent  alcohol  and  then  with 
stronger  alcohol  and  ether  the  residue  weighed  87.3  gm.,  equal  to  18.6  per 
cent  of  the  solids  of  the  alfalfa  juice.  The  second  alcohol  precipitate, 
which  contained  63.31  gm.  of  solids,  was  washed  with  53  per  cent  and  then 
with  stronger  alcohol  and  ether,  56.4  gm.  remaining  undissolved,  while 
6  9gm.  of  soluble  matter  were  removed.  .      ,  ^.o  ,  f 

The  three  successive  washings  of  the  press-cakes  contained  218.4  gm   ot 
solids.     If  the  1,863  gm.  of    dry  alfalfa  contained  the     colloids     in  the 
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proportion  which  the  solids  of  the  press-juice  bear  to  those  of  the  washings 
of  tjie  cake  the  total  colloid"  would  be  128  gm.  or  6.87  per  cent  of  the  drv 
sohds  of  the  plant. 

Since  57.3  gm.  of  solids  were  removed  by  washing  the  "colloid  precipi- 
tate the  .•,6.4  gm.  of  the  second  alcohol  precipitate  should  be  greater  by 
the  proportion  of  this  57.3  gra.  of  solids  which  would  have  been  precipitated 
by  03  per  cent  alcohol  if  this  had  been  included  in  the  filtrate  Thu«  57  3 
.?";■+  °^'^.  S"V  Precipitate  II  +  6.5  gm.  in  washings  of  Precipitate  II  + 
-56.8  gm.  m  filtrate  from  Precipitate  II  =  377.0  gm.,  of  which  57  3  gm 
equals  15.2  per  cent.  This  proportion  of  the  57.3  gm.  retained  by  the 
colloid  precipitate  is  8.7  gm.,  thus  making  the  total  corrected  amount  of 
Precipitate  II  =  65.1  gm.  or  about  13.8  per  cent  of  the  solids  of  the  press- 
juice.  The  total  solids  of  the  press-juice  together  with  those  of  the  water 
washings  were  686  gm.,  13.8  per  cent  of  which  is  94.7  or  5.1  per  cent  of  the 
dry  alfalfa. 

Summarizing  the  preceding  results  on  the  4  liters  of  the  un- 
diluted press-juice  (see  p.  412)  of  the  fresh  alfalfa  plants  and 
mcludmg  determmations  of  nitrogen  and  ash  we  have  the  fol- 
lowing data. 

4  liters  of  the  alfalfa  juice  (Lot  49)  contained : 


Solids. 

Nitrogen. 

Inorganic. 

"Colloid  precipitate" 

gm. 

87.3 

65.1 

317.2* 

gm. 
9.61 
1.86 
12.05 

gm. 

Precipitate  II 

11.59 

Filtrate  from  Precipitate  II 

32.22 
35.58* 

Total 

469.6 

23.52 

79.39 

*  Calculated  by  difference.     Directly  determined,  312.3  gm.  of  solids. 

_  We  thus  find  that  40.9  per  cent  of  the  nitrogen  in  the  alfalfa 
juice  IS  precipitated  by  the  addition  of  20.5  per  cent  of  alcohol. 
^e  have  shown  in  our  previous  paper^  that  this  belongs  ahnost 
If  not  entirely  to  protein,  which,  in  combination  with  substances 
which  appear  to  be  similar  to  flavones,  is  present  in  colloidal 
solytion.  Precipitate  II  contains  8  per  cent  of  the  original 
nitrogen,  most  of  which  we  beheve  from  our  examination  of  this 
precipitate  is  likewise  protein,  and  probablv  largely  consists  of  a 
small  residue  of  the  "colloid"  which  was  not  completely  pre- 
cipitated by  20.5  per  cent  alcohol.  Nearly  one-half  of  the  nitro- 
gen of  the  press-juice,  therefore,  belongs  to  protein  which  is  almost 
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completely  removed  by  adding  53  per  cent  by  weight  «    alcohol 
The  alfalfa  juice  can  be  thus  readily  freed  from  practica  ly  all  its 
protein  within  a  very  short  time  after  the  growing  plants  are 
cut  and  the  non-protein  nitrogenous  constituents  obtained  m  an 
alcoholic  solution  so  strong  that  enzymatic,  or  bacteria   changes, 
will  probably  not  occur.     Furthermore,  by  obtammg  the  press- 
iuice  in  the  way  described  substances  insoluble  in  water,  but 
soluble  in  alcohol,  such  as  cUorophyll,  fat,  waxes    and  phos- 
phatides, do  not  interfere  with  a  subsequent  study  of  the  water- 
soluble  nitrogenous  constituents  of  the  plant.     Such  data  as  we 
have  obtained  respecting  these  will  be  given  after  we  have  dis- 
cussed the  distribution  of  the  inorganic  constituents  among  the 
three  fractions  into  which  the  press-juice  has  been  divided. 
Distribution  of  the  Inorganic  Constituents  of  the  Alfalfa  Juice. 
Analvsis  of  the  ashes  of  the  three  fractions  just  described, 
calculated  on  the  basis  of  4  hters  of  the  aKalfa  juice,  gave  the 
following  results: 


Ca..., 
Mg... 
Na... 
K.... 
Fe. . . 
PO4.. 
SO4.. 
SiOs. 
CO3., 
CI... 


"Colloid    _ 
precipitate." 


gm. 

4.34 

0.14 

0.15 

0.02 

0.06 

3.84 

0.59 

0.14 

2.05 

0.00 


Precipitate  II. 


Total. 


11.33 


gm. 
8.32 
0.53 
0.00 
4.08 
Trace. 
7.68 
10  51 
0.04 
1.48 
0.00 


Filtrate. 


32.64 


gm. 

0.65 
2.01 
0.85 
15.95 
0.00 
1.99 
2.23 
0.16 
9.84 
2.01 


Total. 


35.69 


gm. 

13.31 
2.68 
1.00 

20.05 
0.06 

13.51 

13.33 
0.34 

13.37 
2.01 


79.66 


The  close  agreement  between  the  sum  6i  these  constituents  and 
the  79  39  gm.  calculated  from  direct  determinations  of  the  ash 
of  the  solids  of  the  original  juice  indicates  that  these  analyses 
fairly  represent  their  true  composition. 

The  proportion  of  each  of  the  above  bases  and  acids  pre- 
cipitated by  53  per  cent  alcohol  is  shown  in  the  following 
tabulation. 
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Ca  '"*'' ""' 

Mg.V;. 95.1 

K 15.0 

Fe 20.4 

PO, : 100.0 

SO, 85.3 

SiO, 83-3 


CO, 


50.0 


s 


CI...  26.4 

Total  ash.  .■.■;;. N°f- 

55 . 1 

These  figures  show  that  more  than  one-half  of  the  inorganic 
constituents  are  removed  by  adding  53  per  cent  of  alcohol  and 
tha  only  a  small  part  of  the  calcium,  phosphoric  acid,  or  sulfuric 
acid,  remams  in  solution.  In  so  far  as  carbonic  acid  represents 
salts  of  organic  acids  it  appears  that  about  three-fourths  of  these 
are  not  precipi^tated.  This,  however,  is  not  an  accurate  measure 
ot  such  salts,  because  the  magnesium  salts  would  leave  a  corre- 
sponding quantity  of  MgO  in  the  ash.  Assuming  that  all  of  the 
Mg  was  thus  combined  the  proportion  of  CO3  corresponding 
thereto  plus  that  found  in  the  ash  is  only  20  gm.  or  about  5  per 
cent  ol  the  organic  soHds  of  the  press-juice. 

The  PO,  is  nearly  all  present  as  inorganic  phosphate  as  shown 
oy  the  tollowing  experiment. 

The  precipitate  produced  by  making  100  cc.  of  the  filtrate  from  the 
collo:d  precipitate-  alkaline  with  NaOH  was  dissolved  in  dilute  nitric 

;:i^r;roi'o:s;m'"°'-^"'''=  -"*-"'  -'  ^°^  ^-™^"-^  -  "^ 
so.^::^x::?:j^tnr£^°^:-i::rrs;^ 

msZt:f  *°  tr  "^"'  ''"''-'•  ^"^'  ""■■^- ''''-  ^--  °^  PO^  f-"d  VV^ether 
this    atter  really  represents  inorganic  phosphorus  or  calcium  phosphate 

0  a  eiT  "  *  'r "'"!'""  "'  "-t-*^—  -'-tances  with  which  it  is  asso! 
95  pr  cent  ""  ,'^%"  d«'""?-«''  but  in  any  event  it  is  clear  that  at  least 
•)i>  per  cent  of  the  PO,  is  present  as  PO,  ions. 

The  same  is  true  of  the  SO.  ions,  direct  determinations  made 
under  different  conditions  agreeing  closely  with  those  made  on 
the  ash.  It  is  interesting  to  note  that  practicallv  all  of  the  iron 
IS  present  in  the  '-colloid"  precipitate  which,  when  washed  with 
dilute  and  strong  alcohol  and  dried  over  H.SO.,  reacts  with  both 
lerro-  and  ferricyanide. 
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The  magnesium,  which  is  chiefly  in  the  filtrate,  is  all  present 
in  inorganic  form  as  direct  determinations  made  under  conditions 
which  should  preclude  hydrolysis  of  organic  compounds  gave  the 
same  result  as  those  made  on  the  ash. 

Thus  to  100  cc.  of  the  filtrate  from  the  'colloid  P>-ef  P't'^te"  (XH,),C.O. 
wa  added  and  the  calcium  oxalate  removed  by  ce^tr.fugmg.  To  the  cl  ar 
solution  NH,OH  and  Na.HPO,  were  added  and  after  stirnng  and  standmg 
over  night  the  precipitate  was  removed  by  centr.fuging  d.ssoh-ed  .n  ddute 
HCl  and  reprecipUated  as  MgNH.PO,,  equal  to  0.0429  gm.  of  Mg.  This 
Tgre^s  exactly  with  the  Mg  found  in  the  ash  from  100  cc.  of  the  same 
solution. 

The  Nitrogen  of  the  Alfalfa  Juice. 

Although  the  nitrogenous  constituents  of  the  alfalfa  juice  un- 
dergo continuous  changes  during  the  growth  of  the  plant  and  can 
therefore  not  be  dealt  with  from  a  quantitative,  or  even  a  quali- 
tative standpoint,  with  any  high  degree  of  accuracy,  nevertheless 
we  found  that  it  is  possible  to  obtain  analytical  results  which 
should  contribute  ultimately  to  a  better  knowledge  of  these  sub- 
stances than  we  now  have. 

The  agricultural  chemist  formerly  regarded  the  water-soluble 
non-protein  nitrogen  as  belonging  chiefly  to  amides  and  it  was 
customarv  in  stating  the  results  of  analyses  of  green  fodders  to 
designate   this   as   "amide   nitrogen."     Later,   when   it  became 
known  that  amino-acids  were  the  chief  products  of  protein  hy- 
drolysis it  seems  to  have  become  customary  to  believe  that  a 
large  part  of  this  nitrogen  belongs  to  amino-acids,  or  their  peptides, 
although  satisfactory  chemical  evidence  of  this,  so  far  as  we  can 
find,  has  never  been  presented.^     The  filtrate  from  Precipitate  II, 
which  contains  one-half  of  the  nitrogen  of  the  alfalfa  juice  presents 
an  opportunity  for  attacking  this  problem  under  more  favorable 
conditions  than  those  heretofore  encountered,  because  practically 
all  of  the  protein  and  other  colloidal  substances,  as  well  as  a 
considerable  part  of  the  inorganic  constituents  have  been  removed. 
In  the  following  pages  we  record  the  results  of  prehminary  studies 
of  the  various  types  of  nitrogen  in  this  solution. 

2  For  a  discussion  of  the  literature  see  Hart,  E.  B.,  Humphrey,  G.  C, 
and  Morrison,  F.  B.,  J.  Biol.  Chem.,  1912-13,  xiii,  1.33. 
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used  for  the  analyses  of  the  inorganic  constituents  just  described,  contained 
23.0  gm  of  nitrogen.  Of  this  the  colloid  precipitate  contained  9.61  gm  and 
Precipitate  II  1.90  gm.,  in  all  49.5  per  cent  of  the  total  nitrogen  of  the  juLe 
As  already  stated,  nearly  all  of  this  nitrogen  appears  to  belong  to  protein 
although  as  yet  our  evidence  is  not  entirely  convincing  that  a  small  part 
may  not  belong  to  non-protein  substances  insoluble  in  53  per  cent  alcohol. 
The  O0.3  per  cent  of  the  nitrogen  in  the  filtrate  from  Precipitate  II  is  equal 
to  16.1  per  cent  of  the  total  nitrogen  in  this  lot  of  alfalfa 

In  100  cc.  of  this  filtrate,  which  contained  0.120  gm.  of  total  nitrogen  and 
53  per  cent  of  alcohol,  ammonia  was  determined  by  adding  about  300  cc  of 
water  and  a  slight  excess  of  MgO  and  then  distilling  to  a  small  volume 
Ammonia  equal  to  5.75  per  cent  of  the  total  nitrogen  was  found  in  the  dis: 
t  llate.  This  IS  equivalent  to  2.51  per  cent  of  the  total  nitrogen  in  the 
a  a  a  juice,  which  contained  31.7  per  cent  of  the  total  nitrogen  in  the 
fi  r!r  r  f '  determmation  was  made  by  evaporating  150  cc.  of  this 
fi  tra  e  on  the  steam  bath  dissolving  the  residue  in  400  cc.  of  water,  and 
d.  ti  mg  with  MgO  as  before.  In  this  case  5.6  per  cent  of  the  nitroge^  was 
tound  as  ammonia. 

Unless  this  solution  contains  extremely  unstable  nitrogenous 
compounds  it  thus  appears  that  practically  all  of  the  ammonia 
was  present  as  ammonium  salts. 

When  the  concentrated  solutions,  from  which  the  ammonia  had  been 

obHired   "Whern"  "'''''  Vl'^'K'"'  ''"^^  --^e-yellow  deposit  was 
obtained.     \\  hen  this  was  washed  with  water,  treated  with  strong  HCl,  and 

liHfKK  T  tff  7:'^  ^""'"'^  ^''^°'^°'  '^'  ^'l"^""^  '--^yer  was  light  yellow 
and  the  butyl  alcohol  layer  deep  ruby-red.  ^  yeuow 

The  MgO  had,  therefore,  precipitated  a  considerable  quantity 
of  the  colormg  matter. 

frofTf  hp'S' n '"  ^^'  ^;''^™"'=d  by  concentrating  the  filtrate  and  washings 
nTth  on  ^''"'P'^'^'f  t°  100  <=■=•'  '-adding  5  per  cent  by  weight  of  H.SO. 
and  then  a  .'0  per  cent  solution  of  phosphotungstic  acid  in  5  per  cent  H  SO 
as  long  as  a  precipitate  formed.  This  required  about  30  cc.  of  this  reagent 
cent  H  SO  r  T'  """f'.t  "'*'  ''  "''  '''''  Phosphotungstic  acid  in  5  per 
nerl^f  /r  ?  r"?  ""^^  ^^^  ''''™^'^"  determined  in  it  to  be  equal  to  «  4 
per  cent  of  the  total  nitrogen  in  the  filtrate  from  Precipitate  II 

Two  other  portions  of  150  cc.  each  of  the  filtrate  from  Precipitate  II 

stTam  bat'h  -Jr  '".  "^  ""'  ^^"^  ^^''''^'^^'  '''''^  ^Cl,  evaporated    nt"e 
steam  bath,  the  residue  was  dissolved  in  75  cc.  of  20  per  cent  HCl  and 

drtessThe"  ^"""^  '°^^'  '°"^^-    ^^*"  evaporatingThe  soluZs  to 
an^^e^ss  of  Mgo" "  '''''  ""°^^^'  ^°  '°°  ''■  °^  -^*"'  ^^'  ^'^""^'^  ^^'^ 
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The  ammonia  found  in  the  distillate,  obtamod  by  bo  Img  the 
solutions  to  small  volume,  in  each  case  was  equal  to  l^.O  per 
cent  of  the  total  nitrogen  in  the  filtrate  from  Precipitate  IL  or 
to  about  three  times  as  much  as  before  hydrolysis. 

After  distilling  ofi  the  ammonia  the  residue,  which  was  removed  by 
cenir  fugS  was  black  and  contained  a  relatively  large  proportion  o 
hum  n  pres mnably  derived  chiefly  from  carbohydrates.  Mtrogen  equa 
Jo  1.2  per  cent  of  the  nitrogen  in  the  filtrate  from  P-cip.tatellwas  found 
in  the  ''humin-  from  one  of  these  determmations.  The  himim  from 
he  other  determination  was  treated  with  strongHCl  and  shaken  with  buty 

ioho  t1  aqueous  layer  was  only  slightly  colored,  but  the  butyl  alcohol 
Ser  fteJlt'rifuging  had  a  very  deep  -by-red  color,  while  Uie  hjunm 
formed  a  coherent  mass  at  the  bottom  of  the  butyl  -''^f°\J^'\^^'J^' 
was  washed  twice  with  water  and  nitrogen  determined  ^"^  b^J*^  ';^^[^i 
The  aqueous  solution  contained  nitrogen  equal  to  5.4  per  cent  of  the  total 
lurogen  in  the  filtrate  from  Precipitate   II;  the  butyl  alcohol  layer,  m- 

eluding  the  humin,  contained  7.8  per  cent.     ■  .      ■,  ■     ^u     •,-„»«? 

The  distribution  of  nitrogen  was  similarly  detenmned  in  the  ju'ce  o^ 

another  lot  (No.  54)  of  alfalfa  with  results  as  stated  below  together  with 

''°S^irii?53  per1en[  aVc^h'o'l  solutions  used  for  these  determinations  had 
been  kept  for  severalmonths  similar  analyses  were  made  on  a  correspondmg 
solution  which  had  been  kept  for  only  3  or  4  days,  No.  57. 

The  distribution  of  nitrogen  both  before  and  after  hydrolysis 
is  given  in  the  table  below  in  percentage  of  the  mtrogen  m  the 
filtrate  from  Precipitate  II. 


No.  49 

No.  54 

No.  5V 

Before  hydrolysis. 

5.7 

44.4 

1.3 

29.2 

3.0 
38.7 

25.2 

4.5 

51.3 

1.4 

Free  amino  nitrogen 

23  8 

After  hydrolysis. 

17.0 
20.4 
11.2 
41.7 

16.9 

25.9 

6.9 

46.3 

14.2 

19.0 

16.4 

Free  amino  nitrogen 

38.3 
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The  fact  that  a  simihir  small  percentage  of  the  nitrogen  was 
obtained  as  ammonia  from  the  freshly  made  unhydrolyzed  solu- 
tion from  Lot  57  as  from  those  from  Lots  49  and  54  which  had 
been  kept  8  months  indicates  that  little,  if  any,  change  takes 
place  in  the  nitrogenous  constituents  when  kept  in  the  53  ner 
cent  alcohol  solution. 

Although  these  results  were  obtained  with  different  lots  of 
alfalfa  by  methods  devised  for  dealing  with  the  products  of 
hydrolA'sis  of  proteins  the  agreement  between  the  analysis  is  even 
closer  than  might  be  expected.  It  is  evident  that  the  proportion 
ot  ammoma  nitrogen  is  greatly  increased  by  hydrolysis  wliile 
that  of  the  basic  nitrogen"  is  greatly  decreased.  Before  hydro- 
lysis about  one-fourth  of  the  nitrogen  reacts  with  nitrous  acid  as 
does  free  amino  nitrogen,  after  hydroh'sis  about  40  per  cent 
reacts  in  this  way. 

The  basic  substances  from  the  unhydrolyzed  filtrate  from  Pre- 
cipitate II  were  examined  for  arginine,  liistidine,  and  lysine  by 
Kossel  s  method.  Although  about  S  per  cent  of  the  nitrogen  in 
the  filtrate  from  Precipitate  II  was  precipitated  bv  silver  nitrate 
and  baryta  from  the  solution  obtained  by  decomposing  the 
phosphotungstic  acid  precipitate  no  evidence  of  the  presence  of 
argimne  or  lysine  was  obtained.  The  color  reaction  for  histidine 
with  diazobenzenesulfonic  acid  as  well  as  the  precipitate  wliich 
formed  on  adding  HgSO,  indicated  the  presence  of  tliis  amino- 
acid,  but  both  of  these  reactions  are  given  by  other  nitrogenous 
subst^ances  and  consequently  cannot  be  accepted  as  proof  that 
histidine  was  actually  present. 

About  20  liters  of  the  filtrate  from  Lot  54  were  concentrated  in  vacuo  at 
a  bw  temperature  to  1,.500  cc.  -This  concentrated  solution  contained  3.52 

Tr  cenrif  CC^        ""'  "'  ""''  ""'  '""'''  ''''  '"•  °'  "'^'  '"'"'^"'"'^  ''■' 

Hiirrp'rl  "J  \m  '°'"*'Tl  containing  7.9  gm.  of  solids  and  0.509  gm.  of  N.  was 
diluted  to  300  cc.  and  o  per  cent  H3SO.  added.  Phosphotungstic  acid  (-0 
produced  T^  "  '  '"  «"\H.SO,)  was  added  as  long  as  a  precipitate  was 
produced.  Ihis  was  washed  with  diloite  phosphotungstic  acid  solution 
and  decomposed  at  room  temperature  by  an  excess  of  baryta.  The  filtrate 
and  washmgs  from  the  insoluble  barium  salts  were  treated  with  CO,,  con- 
centrated o  sniall  volume,  the  BaCO,  was  washed  with  water,  ank  the 
fil  rate  and  washmgs  were  made  up  to  250  cc.  .\nalyses  of  aliquots  of  this 
solution  showed  it  to  contain 
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Total  basic  nitrogen 

Amino  nitrogen 

N  in  second  basic  N  precipitate. 


N  in  filtrate 

from 
Precipitate  IT. 

gm. 

per  cent 

0.1150 

22.6 

0.0155 

3.0 

0.0920 

18.1 

The  total  basic  nitrogen  is  equal  to  only  22.6  per  cent  of  the 
total  nitrogen  contained  in  the  filtrate  from  Precipitate  II  as 
against  38.7  per  cent  found  in  the  phosphotungstic  acid  precipitate 
in  another  portion  of  this  same  solution  and  44.4  per  cent  in  the 
corresponding  precipitate  from  Lot  49,  pre^dously  described. 
These  facts  indicate  that  in  decomposing  the  phosphotungstates 
with  barvta  nearly  one-half  of  the  basic  nitrogen  was  removed 
with  the  baryta  precipitates.  As  this  possibihty  was  not  foreseen 
nitrogen  was  not  determined  in  these  precipitates. 

The  free  amino  nitrogen  is  equal  to  only  13.5  per  cent  of  the 
total  basic  nitrogen  in  the  filtrate  from  the  barium  salts,  a  pro- 
portion much  smaller  than  should  have  been  found  if  this  basic 
nitrogen  were  jdelded  by  arginine,  histidine,  or  lysine. 

That  arginine,  or  other  substances  which  yield  ammonia  on  boiling  with 
alkalies  was  absent  is  shown  by  the  fact  that  when  25  cc.  of  the  250  cc.  of  the 
above  solution  were  diluted  with  about  400  cc.  of  1  per  cent  NaOH  solution 
and  distilled  to  small  volume  no  ammonia  was  found  m  the  distillate. 

When  another  portion  of  50  cc.  of  this  solution  was  precipitated  by 
phosphotvmgstic  acid  in  the  usual  way  80  per  cent  of  its  basic  nitrogen  was 
foimd  in  the  precipitate.  In  view  of  the  known  solubility  of  most  phos- 
photungstates it  appears  that  practically  all  of  the  nitrogen  in  the  250  cc. 
of  this  solution  belongs  to  strongly  basic  substances. 

The  remaining  115  cc.  of  this  solution  was  boiled  with  an  equal  volume 
of  concentrated  HCl  for  7  hours  and  found  to  contain  0.0820  gm.  of  basic 
nitrogen  and  0.0380  gm.  of  free  amino  nitrogen,  calculated  to  the  original 
250  cc.  of  the  solution  analyzed.  The  basic  nitrogen  thus  found  after 
hydrolvsis  was  equal  to  71  per  cent  of  the  total  basic  nitrogen  as  against 
80  per  cent  similarly  found  before  hydrolysis,  while  the  free  ammo  nitrogen 
had  increased  from  13.5  to  33.0  per  cent  of  the  basic  nitrogen.  It  will 
require  a  repetition  of  this  experiment  on  a  scale  sufficiently  large  to 
permit  of  the  actual  isolation  of  the  basic  substances  before  these  results 

can  be  interpreted.  t,      •   -i  .     tt 

In  another  portion  of  the  concentrated  filtrate  from  Precipitate  11 
(Lot  54),  containing  0.3008  gm.  of  N,  ammonia  was  determined  by  dis- 
tilling with  MgO  to  DC  equal  to  2.8  per  cent  of  its  total  nitrogen.     After 
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removing  tho  MgO  precipitate  and  washing  this  with  water,  the  solution 
and  washings  were  concentrated  in  vacuo  to  200  cc.  Of  this,  170  cc.  were 
acidified  with  o  per  cent  of  HoSO,  and  precipitated  with  phosphotungstic 
acid  as  described  in  the  preceding  experiments.  The  washed  phosphotung- 
states  were  decomposed  with  baryta,  the  excess  of  baryta  was  removed  as 
BaCOs,  and  the  filtrate  concentrated.  This  solution,  which  reacted 
strongly  alkaline  to  litmus,  was  acidified  with  nitric  acid  and  then  treated 
alternately  with  silver  nitrate  and  baryta  until  an  excess  of  silver  had  been 
added.  The  silver  precipitate  was  then  decomposed  with  HjS  in  dilute 
H.SOi  solution  and  the  filtrate  and  washings  from  the  Ag.S  were  concen- 
trated to  100  cc.  and  nitrogen  was  determined  in  10  cc.  to  be  equal  to  0.0230  gm. 
in  the  whole,  or  to  only  7.7  per  cent  of  the  nitrogen  in  the  filtrate  from  pre- 
cipitate II.  As  we  have  already  given  evidence  of  the  absence  of  arginine 
in  the  phosphotungstic  acid  precipitate  this  nitrogen  may  represent  histi- 
dine.  Qualitative  tests  for  histidine  with  diazobenzenesulfonic  acid  and 
also  with  HgSO,  solution  gave  positive  results,  but  these  cannot  be  ac- 
cepted as  final  until  this  amino-acid  is  actually  isolated. 

The  filtrate  from  the  silver  nitrate-baryta  precipitate  was  freed  from 
silver  and  baryta  by  HjSO,  and  HjS,  made  up  to  200  cc.,  and  5  per  cent 
HaSOi  added.  Phosphotungstic  acid  was  added  to  this  solution  as  long 
as  a  precipitate  was  produced  which  was  then  washed  and  decomposed  with 
baryta.  After  removing  the  excess  of  barium  with  carbonic  acid  the  fil- 
trate was  concentrated  and  treated  with  picric  acid  under  the  conditions 
employed  by  Kossel  for  the  precipitation  of  lysine.  A  relatively  large 
precipitate  separated  which,  when  recrystallized,  separated  in  needles 
somewhat  resembling  lysine  picrate,  but  which  proved  to  be  potassium 
picrate.'  The  mother  liquor  when  concentrated  to  a  very  small  volume 
and  allowed  to  evaporate  to  dryness  left  a  residue  which  crystallized  in 
plates.  These  crystals  were  insoluble  in  ether,  sparingly  soluble  in  ab- 
solute alcohol,  but  readily  soluble  in  50  per  cent  alcohol.  No  lysine  pic- 
rate could  be  isolated. 

It  is  evident  that  most  of  the  basic  nitrogen  obtained  from  the" 
filtrate  from  Precipitate  II  belongs  to  nitrogenous  substances 
quite  different  from  those  yielded  by  protein  hydrolysis. 

The  Coloring  Matters  of  Alfalfa  Juice. 

The  freshly  expressed  juice  of  the  alfalfa  plant  is  strongly 
colored  and  its  color  for  the  most  part  remains  in  solution  after 

'  Potassium  phosphotungstate  is  so  insoluble  that  in  working  with 
solutions  rich  in  potassium  salts  a  relatively  large  proportion  may  be  pre- 
cipitated with  the  nitrogenous  bases.  Since  potassium  picrate  can  be 
easily  mistaken  for  lysine  picrate  there  is  danger  of  a  serious  explosion  if  its 
melting  point  is  taken. 
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removing  the  "colloid  precipitate"  as  well  as  that  produced  by 
the  addftion  of  53  per  cent  alcohol.  The  -ncentra  ed  filtrat^ 
from  this  latter  precipitate  when  viewed  by  reflected  light  is 
black,  but  by  transmitted  light  a  clear  ruby-red. 

Much  if  not  all,  of  tliis  color  is  due  to  the  presence  of  sub- 
stances ;-hich  may  belong  to  the  group  of  flavones,  but  we  wan 
it  to  be  distinctly  understood,  that  as  yet  we  have  ^od^enuaa 
evidence  sufficient  to  support  this  view.  A  part  of  his  color 
can  be  removed  from  the  concentrated  filtrate  by  shaking  with 
isoamyl  alcohol  and  the  aqueous  layer  is  thus  rendered  much 
Ughter  in  color,  hence  we  conclude  that  a  part  of  the  color  is  m 

the  free  state.  .       ,    ,  .  .,i 

After  acidifjang  the  aqueous  layer  and  again  shaking  with 
isoamvl  alcohol  a  somewhat  larger  quantity  is  removed,  indicating 
that  acids  liberate  this  coloring  matter  from  salt-hke  combination. 
On  boiling  the  acidified  aqueous  layer  under  a  reflux  condenser 
a  highly  hydrated,  light  brownish  product  separates  which  some- 
what resembles  coagulated  protein,  but  is  nearly  all  soluble  in 
absolute  ethyl  alcohol  with  a  characteristic  deep  brown  color. 
In  how  far  this  is  chemically  similar  to  the  products  extracted 
by  isoamyl  alcohol  remains  for  further  investigation. 

After  removing  this  insoluble  product  the  aqueous  solution 
is  darker  than  before  boihng  with  acids  and  contains  a  relatively 
large  amount  of  substance  soluble  in  isoamyl  alcohol  with  the 
same   characteristic   color   as  that   of  the  fractions  previously 
extracted  by  tliis  reagent.     In  view  of  the  fact  that  flavones  are 
usually  obtained  from  vegetable  sources  as  glucosides  it  is  prob- 
able that  the  last  fraction  of  the  coloring  matter  was  hberated 
bv  hydrolysis  of  some  complex  of  still  unknown  nature.    We  have 
not  as  yet  been  able  to  determine  the  relative  proportions  of 
these  four  fractions  of  the  coloring  matter  because  none  have 
been  obtained  in  a  state  of  proljable  purity,  nor  were  any  of  them 
free  from  nitrogen.    For  this  reason  we  are  not  prepared  to  state 
the  proportion  in  which  these  highly  colored  substances  occur  m 
the  alfalfa  juice,  but  the  data  which  follow  show  that  they  un- 
questionably constitute  an  important  part  of  the  solid  matters  of 
the  alfalfa  juice,  and  those  given  in  our  former  paper^  that  they 
Ukewise  form  a  considerable  part  of  the  insoluble  sohds  of  the 
plant 
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For  the  most  part  these  flavonc-like  substances  are  combined 
with  the  protein  and  other  constituents  of  the  plant  from  which 
the}'  arc  set  free  by  hj^drolysis. 

That  these  are  wdely  distributed  constituents  of  vegetable 
cells  and  have  a  physiological  importance  hitherto  unappreciated 
is  indicated  by  the  fact  that  when  colorless  yeast  cells  are  hydro- 
lyzed  by  boihng  with  HCl  and  the  hydrolysate  is  shaken  with 
isoamjd  alcohol,  the  latter  separates  from  the  aqueous  solution 
with  a  deep  red  color  not  to  be  distinguished  by  the  eye  from 
that  similarly  obtained  from  the  alfalfa.  This  latter  fact  also 
indicates  that  these  colored  substances  are  not  especially  con- 
cerned in  photosynthetic  processes  for  such  do  not  occur  in  the 
yeast  cell.     These  substances  deserve  further  careful  study. 

The  experimental  work  on  which  the  above  statements  are  founded  is 
described  in  the  following  pages. 

When  about  1.3  per  cent  of  HCl  is  added  to  the  filtrate  from  the  colloid 
precipitate  a  small  precipitate  is  produced  which  contains  both  protein 
and  highly  colored  substances  soluble  in  absolute  alcohol,  the  behavior  of 
which  suggests  flavone  derivatives.  This  precipitate,  which  is  equal  to 
about  3.5  per  cent  of  the  solids  of  the  juice  contains  nitrogen  equivalent 
to  one-third  of  its  weight  of  protein.  The  coloring  matter  could  be  largely 
extracted  from  the  precipitate  by  alcohol  containing  a  very  little  HCl 
which  suggests  that  a  part  of  it  may  be  united  with  the  protein  in  .salt-like 
combination.  It  is  also  possible  that  .some  of  this  colored  substance  was 
present  m  the  juice  as  a  salt  of  some  inorganic  base  and  that  when  liberated 
forms  an  insoluble  compound  with  the  protein. 

When  the  filtrate  from  the  above  precipitate  is  heated  on  the  steam  bath 
for  a  few  hours  a  voluminous,  buff-colored  precipitate  graduallv  separates 
in  clumps  and  skins  on  the  surface  of  the  solution.  When  this  product  is 
removed  by  centrifuging  it  forms  a  dense,  dark  brown  deposit  which  is 
almost  completely  soluble  in  absolute  alcohol.  If  the  solution  is  boiled 
with  acid  stronger  than  1.3  per  cent,  e.g.  5  per  cent,  the  amount  insoluble  in 
absolute  alcohol  is  greater.  This  insoluble  part  consists  of  a  dense  black 
substance  resembling  humus,  which  may  have  originated  from  carbohy- 
drates. 

The  solution  of  the  coloring  matter  in  absolute  alcohol  is  very  deep 
ruby-red.  On  evaporation  it  leaves  a  deep  brown  residue,  readily  soluble 
again  m  absolute  alcohol,  or  in  dilute  aqueous  NaOH  solution.  This  latter 
solution  appears  black  by  reflected  light,  or  deep  yellow  bv  light  trans- 
mitted through  thin  layers,  and  is  canary-yellow  when  highly  diluted. 
The  alkaline  solution  yields  a  chocolate  brown  fiocculent  precipitate  when 
neutralized.  This  precipitate  is  slightly  soluble  in  water  and,  when  freed 
from  soluble  salts,  readily  passes  into  a  colloidal  solution. 
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No  preparation  of  this  product  of  hydrolysis  has  yet  been 
obtained  free  from  nitrogen  and  no  m(-thod  has  yet  been  dis- 
covered whereby  it  can  be  purified.  For  this  reason  we  are  not 
yet  prepared  to  venture  an  opinion  respecting  its  chemical  nature, 
but  as  we  are  already  in  possession  of  relatively  large  quantities 
of  material  we  hope  to  be  able  to  obtain  some  evidence  of  value 

in  the  near  future.  ,     ,     c  i,    i  ^i„o,-= 

This  substance,  wliich  is  obviously  a  product  of  hydrolysis, 
of  some  complex  present  in  the  alfalfa,  forms  about  3  per  cent 
of  the  soUds  of  the  juice.  The  total  amount  of  the  Aavone-hke 
substance  which  is  precipitated  by  acid  together  with  that  which 
subsequently  gradually  separates  on  heating  is  equal  to  about 
5  per  cent  of  the  sohds  of  the  juice.  The  filtrate  from  these 
precipitates  has  a  deep  ruby-red  color  and  still  contains  much 
coloring  matter. 

Bv  repeatedly  shaking  this  solution  ^vith  isoamyl  alcohol  a  large  part 
of  the  clr  is  extracted,  but  at  the  same  time  a  relafvely  large  amount  of 
hydrochlorides  of  nitrogenous  substances  pass  mto  the   amyl  alcohol 
Thus  by  thrice  extracting  .-ith  isoamyl  alcohol  and  -^^^-ffy^-^-^^jf^^ 
the  three  successive  extracts  to  small  volume  tn  vacuo  ^"^  t^^™  -P^-f^J^^. 
shaking  each  with  water  it  was  found  that  the  amyl  alcohol  extracts  con 
ained'respectively,  2.68,  1.92,  and  3.47  per  cent  of    ."'^-^-'    -^-J^^f^ 
the  same  time  a  part  of  the  coloring  -.-"er  had  agam  passed  mto  .  at. 
used  for  washing  them.     Although  the  nitrogen  content  of  the  sohds  on 
ginallv  extracted  by  amyl  alcohol  was  reduced  to  less  than  one-third     by 
washing  with  water  it  was  not  practicable  to  effect  a  satisfactory  sepa- 
ration of  its  nitrogenous  constituents  in  this  way. 

The  fact  that  the  three  fractions  above  mentioned  were  to- 
gether equal  to  over  10  per  cent  of  the  solids  of  the  juice  indicates 
that  the  colored  products  of  hydrolysis  of  the  water-soluble 
constituents  of  the  alfalfa  juice,  even  after  removing  those  which 
separate  as  solids  on  boiUng  with  acid,  are  present  m  relatively 
large  amount.  In  view  of  the  fact  that  flavones  umte  with  both 
acids  or  alkalies  to  form  products  soluble  in  water,  it  is  to  be 
expected  that  a  sharp  separation  of  these  from  hydrochlorides  of 
amino-acids  and  probably  other  nitrogenous  bases  could  not  be 
effected  in  the  above  described  manner.  Although  we  have  tried 
many  experiments  to  make  this  separation  more  effective  none 
has,  as  yet,  proved  successful. 
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Shaking  with  ainyl  alcohol  does,  howover,  effect  a  good  separa- 
tion from  the  inorganic  constituents  of  the  juice,  and  we  beheve 
also  from  a  large  part  of  the  non-nitrogenous  substances.     We 
hope,  therefore,  that  ultimately  this  method  may  prove  helpful 
in  obtainmg  fractions  from  which  not  only  coloring  substances, 
but  also  some  of  the  nitrogenous  constituents  can  be  obtained  in 
definite  form.     Other  immiscible  solvents  such  as  ether  benzene 
toluene,  petroleum  ether,  ethyl  acetate,  or  chloroform  remove 
ahnost  nothing  from  this  solution.     Butyl  alcohol  on  the  other 
hand  extracts  the  coloring  matter  readily  and,  at  the  same  time 
also  a  large  part  of  the  nitrogenous  substances.     Further  experi- 
ence^mth  this  solvent  may  lead  to  better  results  than  did  isoamyl 
alcohol,  but  with  either  solvent  some  way  must  be  found  to  sepa- 
rate the  coloring  matters  from  the  nitrogenous  hydrochlorides. 

In  one  experiment  the  filtrate  from  the  precipitate  produced  bv  53  per 
cent  alcohol,  contammg  .300  gm.  of  solids,  was  concentrated  to  1  liter  and 
shaken  with  amyl  alcohol.  When  the  extract  was  washed  with  water 
only  6.8  gm.  of  sohds,  cont.aming  4.5  per  cent  of  nitrogen  and  0.4  per  cent 
of  a.h  were  found  to  have  been  extracted.  This  shows  that  only  a  small 
part  of  the  flavone-hke  substances,  which  are  soluble  in  amyl  alcohol  was 
present  m  the  free  state.  By  acidifying  the  water-soluble  part  (1  2-5  cc  ) 
with  2.5  per  cent  of  hydrochloric  acid  and  again  shaking  with  amvl  alcoho 
and  washmg  the  e.xtract  with  water  after  it  had  been  concentrated  in  vacuo 
7  1  gm    of  sohds  contamihg  2  per  cent  of  nitrogen  remained  in  the  amyl 

f  nt  u'l  i"  "V  ''*'"  ^"'■'^^  P'""*  "f  '^'  '■°'"™S  matter  was  liberated 
from  salt-  Ike  combination  by  the  acid.  When  the  water-soluble  part  was 
concentrated  ^nva.^^  and  boiled  for  SJ  hours  at  such  an  acid  reaction  as  was 
caused  by  the  addition  of  2.5  per  cent  of  HCl,  10.5  gm.  of  solids,  containing 
3.0  per  cent  of  nitrogen  and  0.3  per  cent  of  ash,  separated  as  a  vokmiinous 
precipi  ate.  More  than  one-half  of  this  fraction  was  soluble  in  absolute 
ethyl  alcohol  the  so  ution  being  almost  black  in  color.  On  again  shaking 
the  hltrate  with  amyl  alcohol,  and  washing  the  extract  with  water  10  5  gm 
of  sohds,  containing  1.9  per  cent  of  nitrogen,  were  obtained,  indicating  that 
hydrolysis  liberated  a  further  quantity  of  the  coloring  matter 

When  this  solution  was  concentrated  in  vacuo  and  more  HCl  added  equal 
to  7.2  per  cent  2.0  gm.  more  of  solids  were  obtained  from  the  amyl  alcohol 
extract,  afer  this  had  been  washed  with  water.  The  aqueous  solution  was 
tlien  boiled  for  four  successive  periods  of  7  hours,  and  filtered  after  each 
The  "|«o  uble  matter  which  separated  was  washed  with  water  and  alcohol 
The  black  humus-hke  residue  weighed  12.4  gm.  and  contained  4  3  per  cent 
of  nitrogen.  This_  fraction  which  was  insoluble  in  alcohol  was  probably 
chiefly  huniin  derived  from  carbohydrates.  The  dark-colored  alcoholic 
washings  of  this  humin  weighed  2.87  gm.  and  contained  4  1  per  cent  of 
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nitrogen,  showing  that  a  little  more  of  the  coloring  .natter  had  separated 
"  lut  u'Jhf/Sr  of  HCl  had  been  added  up  to  this  point  nevertheless 

rs^^aVt'^^nt'SC    :!  HCl  and  the  acid.ty  of  th.s  was  the  sa.e  to 
methyl  red  as  to  phenolphthalem. 

From  this  we  conclude  the  soUds  in  this  filtrate  include  a  rela- 
tiveriarge  proportion  of  strongly  basic  substances  and  that 
notable  quantities  of  volatile  organic  acids  are  absent. 

The  solution  was  then  extracted  eleven  successive  times  with  200  cc  of 
Jy':^fll  and  the  united  extracts  were  -----  ^^  ^  t  1  of 
times  w.th  water     Jhere  then  rem        d^^^  the  bu       a^eoh^o^^^^  ^^.^.^^^ 

::^;f  re^r;  to^    'e  L-rsltr  r  L  renaming  .gM  concentrated 

b  •  d-s£t  r-a^» 

alcohol  is  much  more  read.ly  soluble  ^^^^^^^^^^^^^^  ,,  „f  normal 
The  main  solution  was  next  extracted  31  tmies  usmg  -iuu  <.i- 

about  1,000  cc.  by  additions  of  wa.er     ^he  united        .  ^^ 

were  concentrated  ^n  vacuo  to  about  300/^^-  V^?^  ^°'  ^  ,      ^hese 

inorganic  and  ammonium  salts.     The  b'^;>'  ™  ^      ^  o  51  gm.  of 

up  to  500  cc.  contained  103.5  gm.  of  solids,  6  23  gm.  f  ?^;  i^"^  ^^  ^^  ^^^ 
ash,  or  one-third  of  both  the  solids  and  the  nitrogen  of  ^^^  ^  ^^^^^  ™  1 
53  per  cent  alcohol,  but  only  5.5  per  cent  of  the  ash  This  b"tM  ^'^  ^f""' 
solution  was  next  washed  26  times  with  water,  50  =«  being  used  each  ime. 
The  e  were  thus  removed  82.1  gm.  of  solids,  6.9  gm.  of  K,  and  2.3  gm^  of  a.h 
?tebuy  alcohol  solution  was  made  up  to  500  cc.  When  5  cc.  o  t^'s  we  e 
evapora  ed  in  the  steam  bath  and  the  residue  was  dried  over  ".gh  ^     Oo 

Za  n^m  sm  This  however,  on  further  heatmg  gradually  lost 
::Sto°tif  aftr  24  h'ours  it  weighed  0.0933  gm.  and  after  10  days  con- 
tinuously at  105"  weighed  only  0.0787  gm.     Since  we  do  not  know  the  nature 
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of  the  solids  in  this  solution  it  is  at  present  impossible  to  determine  the 

t  on  or  their  percentage  content  of  nitrogen.  If  as  is  possible  th^  h,?!, 
alcohol  solution  contained  hydrochlorides  of  amhlacrds  thet  m  ght  b'e 
converted  mto  butyl  esters  which  would  probably  be  slowly  vltiklt  105» 

Although  the  amount  of  total  solids  iu  this  solution  is  thus 
uncerta.„  tt  is  evident  that  even  taking  the  highest  figure, 
15  35  gin  by  far  the  greater  part  of  the  solids  extracted  by  normal 
butyl  alcohol  again  passed  into  aqueous  solution  when  the  butyl 
alcohol  extracts  were  repeatedly  shaken  with  water. 

The  main  solution  which  had  been  extracted  31  times  with  butvl  alcohol 
as  just  described,  contained  98.5  gm.  of  solids,  5.14  gm.  of  N,  and  38  1  gm. 

Thus  about  one-third  of  the  soHds,  one-fourth  of  the  nitrogen 
and  more  than  four-fifths  of  the  inorganic  constituents  stili 
remained  in  so  ution  after  these  repeated  extractions,  first  with 
isoamyl  alcohol  and  then  with  butyl  alcohol. 

Of  the  total  nitrogen  left  in  this  solution  1.347  gm  were  obtained  «s 
ammonia  on  d  st  lling  with  MsO  and  o  iq  „„        •         ■'  obtained  as 

Q,„,  ,,     ,      -,/  ^  ^^  ^""  -1'^  as  ammo  nitrogen  bv  the  Van 

niethodofdeterminingsugarbyF^rniroltL'TneSltn^^^Jirrr 
of  dextrose  was  found.     In  view  of  our  complete  ignorance  of  the  nltur^f 

I  t  tT'VT*'*"r*"  °'  *^"  ''°'"*'«"  -^  have  no  evidence  whateve 
that  t^he  reduction  of  the  cupric  oxide  was  caused  bv  any  kind  Tf  carbo 

E'd  'xtr      ''"■     ''•'^'^■"^^'^'^  P"-'-V  arbitrary  a'ssumpti  n    however" 
gen  content  of  the  remaining  organic  matter  as  follows     Deducting  the 

remain  Sb.ib  gm.  of  organic  so  ids.     Further    dediictino-  ti,o  „* 
ammonia  from  the  total  nitrogen,  there  relt  3    rgn^o^whTth: 
amino  nitrogen  ,s  equal  to  53  per  cent.     The  total  nitrogen    o  her  than 
ammonia  is  10.3  per  cent  of  the  above  corrected  solid.s        ^     '  '° 

The  solution,  containing  the  82.1  gm.  of  solids  which  had  been  removed 

Si::S^::^j:"^'  ^'-'"^  -*--  -'^'>  --,  was  exami::d  :^h;he 

Total  solids 82.i 

NUrogenV.:.: '. '.  '. '.  [  ]  ] ." .' .'  [  ] '  6  88     ^    ^'^  ^"  °'"*  °^  ^^'  '°'''^'- 

AnloZr''' °-'''  =    «•'  P"  ««°*  °f  '•>«  'Nitrogen. 

An  110  nitrogen 3.323  =  48.3  per  cent  "     "  « 

Total  chlorine 13.26    =  13.63  gm.  of  HCl. 
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This  solution  contained  13,26  ,m.  of  chlorine  as  d';te~d  by  ^dto 
excess  of  Na.COa,  evaporating  to  dryness,  -^  finding    hlor.nen    he  ash^ 

"°';^'e":';'croT-thls''sSlution  were  concentrated  in  --«  -^.^  "'I'f 
tralpareltre;idue  ren.ained,  the  distillate  contained  only  0.1140  gm.  of 
HCl  equal  to  0.684  gm.  from  the  entire  300  oc. 

Hence  95  per  cent  of  the  HCl  was  retained  by  the  sohds  of 
this  solution  thereby  showing  the  prese^ce  of  a  large  proportion 
of  strongly  basic  organic  substances. 

A  ■   „  th»t  thP  0  •iVl  em    of  N  found  as  ammonia  was  present  in 

Assummg  that  the  u.o<i  gm-  "'  if  wn  j- NH, 4- ash  = 

ammonium  salts  this  would  equal  0.734  gm.  of  NH.    If  ^^l  +  ^Hj  +  ^^^ 
IS  8  Em  is  deducted  from  the  82.1  gm.  of  solids  we  have  63.3  gm  of  organic 
solidfcontalning  6.31   gm.   of  nitrogen,  after  deducting  that  found  as 
ammonia. 

The  organic  soUds,  therefore,  contain  10  per  cent  of  nitrogen, 
of  which  52.7  per  cent  is  free  amino  nitrogen. 

It  thus  app  ars  that  by  washing  the  butyl  alcohol  extract  w,th 
water  one-third  of  the  total  nitrogen  of  the  hydrolyzed  sohds  o 
the  alfalfa  can  be  extracted  from  the  butyl  alcohol,  chiefly  if 
not  wholly,  as  hydrochlorides  of  basic  substances.  Al  hough 
this  solution  contains  substances  which  have  a  strong  affinity 
for  HCl  only  23.7  per  cent  of  its  total  nitrogen  was  precipitated 
by  phosphotungstic  acid  under  the  conditions  employed  m  this 
laboratory  for  determining  basic  nitrogen  in  the  products  o£ 

protein  hydrolysis.  x  j  ;„  „*■ 

The  nature  of  the  nitrogenous  substances  thus  extracted  is  at 

present  being  investigated. 
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GLUCOSES  AND  THEIR  RATE  OF 

HYDROLYSIS. 

By  p.  a.  LEVENE  and  G.  M.  MEYER. 
With  the  Assistance  of  I.  Weber. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  June  24,  1922.) 
A  previous  communication  contained  a  report'  on  the  constants 
of  hydrolysis  of  several  phosphoric  acid  esters  of  glucose.     The 
a  location  of  the  phosphoric  acid  radical  was  based  on  the  work 
of  Irvine  and  Scott^  on  the  structure  of  diacetone  glucose.     At 
lat  tme  we  had  overlooked  a  later  pubUcation  from  Irvrne  s 
aborrry  in  which  the  previous  theory  of  the  structure  of  diace- 
tone  glucose  was  revised.     The  positions  therem  assigned  by 
Macdonald3  ^  the  acetones  are  1,  2-  and  5,  6-,  hence  the  benzoy 
Privative    obtained  from    it    is    1,2-  5,6-   diacetone-3-benzoyl 

^^  oTthis  basis,  the  two  phosphoric  acid  esters,  one  derived  from 
the  diacetone  glucose,  the  other  from  the  diacetone  monobenzoyl 
derivative  have  the  following  structure:  the  former  1,2-5,6- 
lcetone-3-phosphoric  acid  glucose  and  the  latter  1,  2-acetone- 
3-benzoyl-5-  or  6-phosphoric  acid  glucose. 

It  seems  a  strange  coincidence  that  Karrer  and  Hurwitz^  also 
overlooked  the  work  of  Macdonald  and  recently  published  a 
paper  in  which  they  dealt  with  the  structure  of  diacetone  glucose 
and  assigned  to  it  the  same  structure  which  had  been  formulated 

by  Macdonald.  •  *     +  „^^ 

According  to  the  present  formulation  the  more  resistant  com- 
pound is  the  one  in  which  the  phosphoric  acid  radical  is  in  position 

1  Levene,  P.  A.,  and  Meyer,  G.  M.,  J.  Biol  C/^m    1921,  xlviii,  233. 

2  Irvine  J.  C,  and  Scott,  J.  P.,  J.  Chem.  Soc.  1913,  cm,  568. 

3  Macdonald,  J.  L.  A.,  J.  Chan.  Soc,  1913  "".f  96. 

*  Karrer,  P.,  andHurwitz,  O.,  Ilelvelica  awn.  Acta,  1921,  iv,  728. 
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5  or  6,  probably  in  position  G.  This  is  in  harmony  with  the  pre- 
vious observations  on  the  rate  of  hydrolysis  of  5-phosphoric  acid 
ribose  The  latter  was  found  very  resistant  to  hydrolytic  agents. 
At  the  tame  when  the  allocation  1,2-3,5  was  assigned  to  the 
ace  ones  m  the  diacetone  glucose  the  position  5,6  was  assigned 
to  the  benzaldehydc  m  bcnzylidene  glucoside.  Hence  the  re- 
spective positions  of  the  inorganic  acid  in  the  phosphoric  esters 
of  the  two  sugar  derivative  should  be  different.  These  considera- 
tions led  us  to  prepare  the  substance. 

On  the  basis  of  the  latest  formulation  the  second  acetone  in  the 
diacetone  glucose  and  the  benzaldehydc  in  the  benzylidene  mono- 
acetone  glucose  should  each  enter  into  positions  5,  6.  Hence  the 
phosphoric  acid  derivative  of  diacetone  glucose  and  that  of 
1,2-acetone  and  5,6-benzylidene  glucose  should  both  have  the 
phosphoric  acid  in  position  3.  To  our  surprise  the  constant  of 
hydrolysis  of  the  phosphoric  ester  obtained  from  the  benzylidene 
derivaive  was  found  17(10-),  which  is  of  the  same  order  of 
magnitude  as  that  of  the  phosphoric  acid  derivative  obtained 

iX  ;^''''*°'''"^"'''"'°^^  ^'"'°'"'  ^^h^'-^^^^  ^  constant  of  about 
54(10  3)  was  expected. 

_    A  simple  explanation  for  this  unexpected  result  may  be  found 
in  the  assumption  that  in  the  process  of  preparation  the  benzalde- 
hyde  is  cleaved  off  before  the  phosphoric  acid  combines  with  the 
g  uc^se      This  possibility  requires  special  consideration  in  view 
of  the  fact  that  the  product  obtained  from  benzylidene  acetone 
glucose  was  acetone  phosphoric  acid  glucose.     Thus  the  ben- 
zaldehydc group  was  lost  in  the  process  of  preparation.     There 
IS  reason  to  believe  that  the  cleavage  of  the  benzaldehydc  took 
place  after  the  union  with  phosphoric  acid  was  accomplished 
Had  the  cleavage  of  the  benzaldehydc  been  the  first  step  in  the 
operation,  then  the  resulting  substance  would  be   1,2-monoace- 
tone  glucose;  however,  when  this  compound  is  acted  upon  by 
phosphorous  oxychloride  a  product  is  obtained  which  has  a  con- 
stant of  hydrolysis  =  44(10-).     Furthermore,  when  diacetone 
glucose  IS  treated  with  phosphorous  oxychloride  two  esters  are 
obtained,  one  of  diacetone  glucose  and  the  second  of  monoacetone 
glucose.     The   constants   of  hydrolysis   of   both   are   practically 
Identical,  namely  56(10-3)  and  58(10-),  thus  showing  that  the 
position  of  the  phosphoric  acid,  in  both  is  identical  and  hence 
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indicating  that  the  cleavage  of  the  acetone  took  place  after  the 
phosphoric  acid  had  united  with  the  glucose, 
pnospno  alternative  explanations  are  possible.     One 

Apr^o^^t^^ootheralc.nau  I  ^^^    benzyhdene 

tlV^L  3  to  either  5  or  6.     Further  investigations  will  deal 

"'JhltcUn'sTn  the  phosphoric  esters  of  the  methylated  sugars 
The  finclings  on  me  p      K  .    j-  j  ^      The  abnormal  course 

constant  of  hydrolysis  is  not  less  than  84(10    )  or  87  10    ). 

The  following  table  contains  the  rates  oV^ytl^°3^''%°\;;^ 
phllphoric  est«-s  of  substituted  glucoses  with  special  reference 
to  the  allocation  of  the  phosphoric  acid. 


cid  methyl  glucoside  (from 
with  5-  or   6-phos- 


5-  or  6   (?)-phosphoric  ac 
o-methyl  glucoside) 

diacetone  glucose) V  "  "J  rKv  nrn- 

3-phosphoric  acid-1,  2-monoacetone  glucose  (bj-pro 

duct  from  diacetone  glucose) ■  ■  •  ■  ■  ■  ■;  - -^-^ 

5-  or    6-phosphoric    acid-a-monobenzoyl-L.-acet^e 

glucose  (from  l,2-monoacetone-3-monobenzoyl  glu- 

5-r6-phosphoric'acid-i;2'acetone   glucose   (from  5 

bv  removing  benzoyl  group) ■ • .  ' ' : 

5.  or  6  (?)-phosphoric  acid-l,2-acetone  glucose  (from 
benzvlidene  monoaoetone  gl"cose)....  ...••■•■  •_- 

6.phosphoric  acid-2,  3,  5-trimethyl-methy   g  ucos  de 
2-phosphoric  acid-3,  5,  6-trimethyl-methyl  glucoside. 


22(10-') 

44(10-') 
56(10-') 
58(10-') 

18(10-') 

24(10-') 

17(10-') 
44(10-') 
87(10-') 
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EXPERIMENTAL. 

Benzylidene  Monoacetone  Glucose. 
50  gm.  of  monoacetone  glucose  are  heated  with  300  cc.  of  freshly 

?il?r''r''r''u^-''^'  ''"^^  '^^  ^'"-  "f  --^'^hydrous  sodium  sulfat^ 
at  145  C.  for  5  hours.  While  still  warm,  the  solution  is  filtered 
mto  a  distilhng  flask  and  the  larger  part  of  the  benzaldehyde 
removed  by  distillation  under  diminished  pressure.  Wlien  the  con 
tents  of  the  flask  show  a  tendency  to  gelatinize,  they  are  poured 
mto  1  hter  of  hgroin  (80-90°).  On  vigorous  stirring  \he  oilv  mass 
soon  crystallizes.  The  crude  product  is  filtered  and  washed  with 
cold  dry  ether,  in  which  it  is  practically  insoluble.  A  nearly  pure 
white  product  is  obtained.  Recrystallized  several  times  from 
absolute  alcohol  this  melts  at  141-142°C.     The  yield  is  20  gm. 

O.IOOS  gm.  substance:  0.2306  CO,  .and  0.0628  gm.  H^O. 

CieHjoOe.     Calculated.     C    62.3,    H    6.48. 
Found.  "   62.38,  "    6.97. 

The  substance  had  the  following  rotation: 
r„i''  _  +  0-'«°  X  100 


2X1 


=  +22° 


1,  2-Monoacetone-6-Phosphoric  Acid  Glucose  from  Benzylidene 
Monoacetone  Glucose. 

20  gm.  of  dried  benzylidene  monoacetone  glucose  are  dissolved 
m  lb  cc.  of  dry  pyridine  and  cooled  to  -20°C.    To  this  is  added  at 
once,  a  solution  of  10  gm.  of  phosphorous  oxychloride  in  25  cc 
of  pyridine.     The  temperature  of  the  reaction  mixture  does  not 
go  above  +20°C.  and  crystals  of  pyridine  hvdrochloride  settle 
out   imnaediately   on    cooling.     If   the    oxychloride    solution   is 
added  too  slowly  the  reaction  is  incomplete  and  only  a  small 
quantity   of   pyridine   hydrochloride   separates.     After   allowing 
the  reaction  mixture  to  stand  for  1  hour,  cold  water  is  added. 
After  the  addition  of  120  gm.  of  barium  hydroxide,  the  pyridine  is 
removed  by  distillation  under  diminished  pressure.     The  residue 
is  then  neutrahzed  with  sulfuric  acid  until  just  acid  to  Congo  red 
shaken  for  i  hour  with  60  gm.  of  silver  sulfate,  and  filtered.     The 
filtrate  is  treated  with  hydrogen  sulfide,  the  resulting  precipitate 
removed  by  filtration.     After  removing  the  hydrogen  sulfide  by 
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a  current  of  air  the  solution  is  again  made  alkahne  with  banum 
hvdimkk  The  excess  barium  is  removed  by  means  of  carbon 
Se  and  the  filtrate  concentrated  under  dimm.shed  pressure 
tZtnf  This  is  taken  up  in  absolute  alcohol  filtered  and  the 
baSum  salt  precipitated  in  a  large  volume  of  dry  ether.  The 
substLe  analyzed  for  a  monoacetone  phosphor,  acid  glucose. 

0  1104  gm.  substance:  0.U56  gm.  CO.  0^042  gn.  H.O,  and 0.0481  gm.  ash. 
q'oqIO  .<  "         :  0.0746  "     Mg.P-iO,. 

'■''''  "    n       ;  ,     \  ?r  "     ""''"^^  C   35.75,  H  6.00,  P   11.28. 

CH.sOsHjPO,      Calculated.  »  ^7  7      «  5  46    "    9  45. 

Found  (calculated  Ba-free).  37./,         &.4b, 

Monoacetone  Phosphoric  Acid  Glucose  from  Monoacetone 
Benzylidene  Glucose. 
7  271  gm.  of  the  barium  salt  of  this  substance  were  dissolved 
in  wa  tr'and  the  vohm.e  was  made  up  to  50  cc.     0   this  solution 
3  cl    equivalent  to  0.03  gm.  of  P,  were  put  into  glass  t^bes  to- 
gether with  2.1  cc.  of  N  H.SO.  and  0.9  cc.  of  water-  and  sealed 
The  tubes  were  heated  at  100°C.  for  the  intervals  mdica  ed  m  the 
following  table.     The  contents  of  each  tube  were  made  up  to  lOO 
cc.  and  the  P  in  40  cc.  portions  was  determined. 

5-6  {'!)-Phosphoric  Acid-1,  2-Aceione  Glucose. 


Time. 


min. 

120 
240 
360 
480 


MgjPiO? 
in  40  cc. 


Average. 


O.OOIS 
0.0022 
0.0044 
0.0042 
0.0060 
0.0050 
0.0072 


0.0020 
0.0030 
0.0055 


P  in  p  in 

MkPjOv     {       acid, 
in  100  cc. 


0.0014 
0.00.30 
0.00.38 
0.0050 


per  cent 

0.43 
0.99 

1.19 

1.57 


Pof 
total  P. 


■per  cent 

4.6 
10.0 
12.8 
16.8 


MgrPzOi 
0.0050 

0.010 

0.0138 

0.0181 


gm. 
MgiPiO: 

0.1027 
0.0970 
0.0939 
0.0896 


0.000176 
0.000182 
0.000166 
0.000167 


a  =  0.1077 


SULFURIC  ESTERS  OF   SOME  SUBSTITUTED    GLUCOSES 
AND  THEIR  RATE  OF  HYDROLYSIS. 

Bt  p.  a.  LEVENE  and  G.  M.  MEYER. 
,  With  the  Assistance  op  I.  Weber. 

iFrom  the  Laboralories  of  The  Rockefeller  Inslilute  for  Medieal  Rescareh.) 
(Reoievedfor  publiation,  June  28,1922.) 

It  has  been  demonstrated  in  this  laboratory  that  all  known 
glucoproteins  are  protein  derivatives  of  complex  substances 
which  are  essentially  suHuric  acid  esters  of  disacchandes.  It 
has  been  observed  that  individual  esters  of  this  group  differ  m 
their  stability.  In  some  of  them  the  sulfuric  acid  is  removed 
from  the  disaccharide  very  readily,  whereas  in  other  compounds 
it  is  removed  with  greater  difficulty.  A  priori  it  seemed  possible 
to  explain  the  differences  in  stability  of  individual  compounds  by 
the  difference  in  the  position  of  the  sulfuric  acid  on  the  glucose 
molecule.  In  this  respect  the  behavior  of  the  conjugated  sulfuric 
acids  resembles  that  of  the  conjugated  phosphoric  acids.  In  regard 
to  the  phosphoric  esters  of  glucose,^  it  was  demonstrated_  experi- 
mentally that  their  resistance  is  determined  by  the  position  ot 
the  phosphoric  acid  on  the  sugar  molecule. 

These  considerations  led  us  to  synthesize  two  sulfuric  acid 
sugar  derivatives,  one  from  diacetone  glucose  and  the  other  from 
l,2-acetone-3-benzoyl  glucose.  The  first  should  jield  a  sub- 
stance with  the  sulfuric  acid  attached  to  carbon  atom  3,  the  second 
to  either  carbon  atom  5  or  6. 

For  the  preparation  of  sulfuric  acid  esters  of  glucose  severa 
methods  have  been  recommended  by  Neuberg  and  Pollak,-  and 
Neuberg  and  Liebermann.^    They  employed  for  the  purpose  either 
pyrosuKates  or  chlorosulfonic  acid.    Neuberg  and  Pollak  have  also 

1  Levene,  P.  A.,  and  Meyer,  G.  M.,  /.  Biol.  Chem.,  1922,  liii,  431. 
«  Neuberg,  C,  and  Pollak,  H.,  BMmn.  Z.,  1910,  xxvi,  515. 
3  Neube-g,  C,  and  Liebermann,  L.,  Bioehem.  Z.,  1921,  cxxi,  6^b. 
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mentioned  that  sulfuryl  chloride  may  be  used  for  this  purpose 
However,  for  the  use  of  this  reagent  no  experimental  directions 
are  given  by  them.  Helferich^  has  also  worked  with  sulfuryl 
chloride  and  obtained  a  dichlorohydrinsulfate.  In  the  present 
experiments  sulfuryl  chloride  was  employed.  The  success  of  the 
synthesis  depends  largely  on  the  temperature  maintained  during 
the  operation.  It  was  found  advantageous  to  add  the  solution 
of  sulfuryl  chloride  in  chloroform  to  a  pyridine  solution  of  the 
sugar  derivative  cooled  to-  10°C.,  and  to  allow  the  temperature  to 
rise  to  about  30°C.  The  details  of  the  preparation  are  given  in 
the  experimental  part. 

Regarding  the  rates  of  hydrolysis  it  was  found  that  the  ester 
having  the  sulfuric  acid  in  position  5  or  6  was  more  stable  than 
the  one  having  the  acid  in  position  3  as  may  be  seen  from  the 
lollowmg  table. 

X  =  JIog-H_ 

3-sulfurio  acid-1,  2-  5,  6-diaeetone  glucose 60  (10"° )  ^ 

5-  or  6-sulfuric  acid-1,  2-acetone  glucose .W  (io-3) 

This  is  in  harmony  with  the  views  expressed  in  the  publi- 
cations from  this  laboratory  on  the  structure  of  chondroitin  and 
mucoitin  sulfuric  acids. 

EXPERIMENTAL. 

Sulfuric  Acid  Diacetone  Glucose. 

A  solution  of  10  gm.   of   diacetone  glucose  in  30  cc    of  dry 
pyridine,  is  cooled  to  -10°C.     To  this  is  added  a  solution  of 
2.7  cc.  of  sulfuryl    chloride  in  25  cc.  of   dry    chloroform,    also 
cooled   to   -10°C.     The    temperature    rises   to  30°C.,  and  the 
reaction  product  is  allowed  to  stand  at  room  temperature   over 
mglit.     The    product  is   then    dark  red   and   contains  no   pre- 
cipitate.    Water  and  60  gm.  of  barium  hydroxide  are  then  added 
and  the  chloroform  and  pyridine  removed  bv  distillation  under 
dimimshed  pressure.     The  solution  is  treated  with  sulfuric  acid 
until  It  turns  acid  to  Congo  red  and  is  shaken  for  i  hour  with  30 
gm^  of  silver  sulfate.     The  excess  silver  is  removed  by  hydrogen 
sulfide,  which  is  then  removed  by  a  current  of  air.     The  excess  of 
'Helferich,  B.,  Bcr.  chem.  Ges.,  1921,  liv,  10S2. 
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barium  is  removed  by  means  of  carbon  dioxide  and  the  «trate  js 
rnncentrated  to  dryness  under  dimmished  pressure.  The  residue 
rdirrecUn  a  small  amount  of  absolute  alcohol,  the  solutmn  .s 
filtered  and  precipitated  in  a  large  volume  of  dry  ether 

For  purification  the  precipitate  is  redissolved  m  absolute  a  cohol 
and  reprecipitated  in  ether,  this  process  is  repeated  several  times 
10  gm.  of  diacetone  glucose  yield  5  gm.  of  the  barmm  salt  of 
sulfuric  acid  diacetone  glucose. 

The  substance  does  not  reduce  Fehling's  solution  .mtil  aft^r 
hydrolysis.  Barium  chloride,  also,  produces  no  precipitate  m  an 
aqueous  solution  of  the  substance.  However,  a  P;-'Pitate  of 
barium  sulfate  is  formed  after  the  substance  is  hydrolyzed  with 

hvdrochloric  acid.  .  , 

The  elementary  composition  of  the  substance  is  not  so  good  as 
is  desired.  However,  taking  into  consideration  the  amorphous 
nature  of  the  substances  and  their  great  solubihty,  the  result  may 
be  regarded  as  satisfactory. 

0  1096  gm.  substance :  0.1334  gm.  CO,  and  0.04.54  gm.  H,0 
Q2766  "  "  :  0.1320  "  BaSOi  (S  determmation). 

nnQ99  "  "  -0  0254  "       "        (Ba  "  )• 

"-O.S>.B..    C-c„,..„.    C   «   H  «,    S,,*    B.    ■«. 

5-  or  6  {fySidfuric  Acid-Monoacetone  Glucose  from 
3-Benzoyl-l,  Z-Monoacetone  Glucose. 

Benzoyl  monoacetone  glucose  (10  gm.)  dissolved  i^^  30  cc  of 
dry  pyridine  was  reacted  on  with  2.7  cc.  of  sulfuryl  chloride  dis- 
solved in  25  cc.  of  chloroform,  as  previously  described  under  sul- 
furic acid  diacetone.  n    j.    v,  « 

The  final  residue  was  dissolved  in  a  small  quantity  of  hot  abso- 
lute alcohol.  On  coohng  barium  benzoate  crystallized  This  was 
filtered  off  and  the  filtrate  precipitated  in  a  large  volume  of  dry 
ether     This  process  was  repeated  several  times. 

The  substance  obtained  analyzed  for  sulfuric  acid  monoace- 
tone It  does  not  reduce  Fehling's  solution.  An  aqueous 
solution  of  the  substance  gives  no  precipitate  with  barium  chloride 
until  after  hydrolysis  with  acid. 
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0.1062  gm.  substance:  0.1136  gm.  CO,,  0.03.52  gm.  H,0,  and  40.3  gm.  ash 
0-2912  "  "         :  0.1534  "     BaSO,  (S    determination). 

0.0971   "  "         :  0.0390  "      "  (Ba  "  ). 

(CsHisOsS),  Ba.    Calculated.    C   29.4,    H   4.3,    S    8.7     Ba    18  35 
Found.  "    29.17   "    3.7,     "  7.23   "      23.63. 

Sulfuric  Add  Diacetone  Glucose. 

3.817  gm.  of  the  barimn  salt  of  this  substance  were  dissolved 
in  a  httle  water  and  the  volume  was  made  up  to  25  cc.  Of  this 
solution  3  cc,  equivalent  to  0.031  gm.  of  S,  were  put  into  glass 
tubes  together  with  1.G8  cc.  of  n  HCl  and  4.32  cc.  of  H.O.  After 
the  tubes  were  sealed  they  were  heated  at  75°C.  for  the  time 
intervals  indicated  in  the  following  table.  The  sulfuric  acid  was 
determined  as  BaSO.,. 


Time. 

BaS04 

S  in 
BaSO). 

S  in 
free  acid. 

Sof 
total  S. 

z 

a  ~  X 

K 

min. 

60 
240 
360 

gm. 

0.0153 
0.0620 
0.0857 

gm. 

0.0021 
0.0085 
0.0118 

ver  cent 

0.547 

2.22 

■3.07 

ver  cent 

7.00 
28.4 
39.2 

gm.  BaSOi 

0.0153 
0.0620 
0.0857 

gm.  BaSO, 
0.2032 

0.1565 
0.1328 

0.00053 
0.00060 
0.00060 

a  =  ( 

3.2184 

Sulfuric  Acid  Monoacetone  Glucose. 

3.481  gm.  of  the  barium  salt  of  this  substance  were  dissolved 
in  a  httle  water  and  the  volume  was  made  up  to  25  cc.  Of  this 
solution  3  cc,  equivalent  to  0.031  gm.  of  S,  were  put  into  glass 
tubes  together  with  1.94  cc.  of  n  HCl  and  4.06  cc.  of  H2O.  After 
the  tubes  were  sealed  they  were  heated  at  75°C.  for  the  time  inter- 
vals indicated  in  the  following  table.  The  sulfuric  acid  was  de- 
termined as  BaS04. 


Time. 

BaS04 

S  in 
BaS0<. 

S  in 
free  acid. 

Sof 
total  S. 

X 

a  —  X 

K 

min. 

120 

240 
360 

am. 

0.0119 
0.0480 
0.0622 

gm. 

0.0016 
0.0066 
0.0085 

per  cent 

0.502 

2.02 

2.62 

per  cent 

5.45 
22.0 
28.5 

gm.  BaSO, 

0.0119 
0.0480 
0.0622 

gm.  BaSO, 
0.2066 

0.1705 
0.1563 

§Iog-!!- 
a  —  X 

0.00040 
0.00044 
0.00040 

PREPARATION  AND  ANALYSIS  OF  ANIMAL  NUCLEIC  ACID. 

By  p.  a.  LEVENE. 
iFrom  the  Laboratories  of  The  Rockefeller  Institute  for  Medieal  Research.) 
(Received  for  publication,  June  24,  1922.) 
The  preparation  of  a  pure  animal  nucleic  acid  remained  a  diffi- 
cult task  notwithstanding  the  fact  that  several  -^thods  have  been 
recommended  in  recent  years.     A  year  ago  the  Present  wrier 
made  an  effort  to  prepare  animal  nucleic  acid  by  his  picric  aad 
method,  shghtly  modifying  the  details  of  the  procedure.     The 
Result  was  quite  satisfactory  when  small  quantities  of  the  materia 
were  prepared  by  the  writer  personally.     However,   when  the 
;;paSn  of  the  material  was  left  in  the  hands  of  technical 
assistants  the  product  obtained  by  them  w'as  rather  --PJ  -^ 
besides  had  a  brownish  color  which  made  the  measurement  of  its 
oSll  activity  very  difficult.     A  new  effort  was  made  to  work 
r  an  eaTand  relLble  process.     P-l^y  to  tMs  attempt  we 
tested  all  the  recently  published  methods  of  W.  Jones,i  r.  peul 
een  ^  and  E.  J.  Baumann.^     None  proved  satisfactory,  smce  every 
sample  prepared  by  any  one  of  these  methods  gave  a  very  marked 
biuret  reaction.     That  the  authors  themselves  f  ^amf  /^^  " 
factory  results  by  their  respective  methods  is  not  doubted    but 
we  af^rm  that  such  results,  to  say  the  least,  ai^  not^c.nstant^ 
Material  prepared  by  the  method  of  Jones^  by  a  French  firm  also 
proved  unsatisfactory.  ,     ,  , 

After  several  trials  we  finally  modified  our  older  method  by 
substituting  colloidal  iron  for  the  picric  acid. 

The  details  of  the  process  as  carried  out  at  present  are  as 

follows:  The  glands  (10  lbs.)  are  dissected  free  from  ^^t-  ground 

in  a  chopping  machine,  and  transferred  mto  5  hters  of  watei, 

^  Jones,  W.,  Nucleic  acids;  their  chemical  properties  and  physiological 

conduct.  New  York,  2nd  edition,  1920. 

2  Feuleen  R.,Z.p'«/sioL  C/iem.,  1917-18,  ci,  296. 

3  B— n,  E.  J..  Proc.  Sac.  E.p.  Biol,  and  Med.,  1919-20,  xvu,  118. 

441 


442  Animal  •Nucleic  Acid 

containing  250  gni.  of  sodium  hydroxide.  The  mixture  is  boiled 
for  3a  mniutes  and  then  neutralized  with  acetic  acid.  50  cc  of  a 
colloidal  iron  solution  (iron  dialyzed,  5  per  cent  FcoOs  Merck) 
are  added  and  the  solution  is  filtered  and  allowed  to  stand  over 
night.  To  the  filtrate  is  then  added  a  double  volume  of  methyl 
alcohol  containing  2  per  cent  of  hvdrochloric  acid  The  pre- 
cipitate thus  formed  is  filtered  off  and  washed  with  methyl  alcohol 
until  the  filtrate  is  free  from  hydrochloric  acid. 

This  process  has  been  applied  to  the  preparation  of  nucleic 
acid  from   thj-mus  gland,   spleen,   kidney,    pancreas,   and  liver 
The  average  respective  yields  from  10  lbs.  of  gland  were-  thymus 
150.0  gm.;  spleen,  40.0  gm.;  kidney,  25.0  gm.;  pancreas,  35  0  gm  ' 
and  liver,  18.0  gm.  >  &    •, 

From  the  first  four  organs  the  first  precipitation  yields  a  ma- 
terial which  is  either  entirely  free,  or  contains  barelv  detectable 
traces,  of  biuret-giving  substances.     In  the  last  case  one  repre- 
cipitation  with  alcohol  containing  2  per  cent  hydrochloric  acid 
suffices  to  purify  the  material.     The  material  obtained  from  the 
liver  contains  a  marked  proportion  of  glycogen.     Such  prepara- 
tions are  readily  purified  by  dissolving  them  in  water  with  the 
aid  of  a  mmimum  amount  of  alkali,  slightly  acidulating  with 
hydrochloric    acid,    and    precipitating   the   nucleic   acid   with   a 
20  per  cent  solution  of  cupric  chloride.     The  precipitate  is  washed 
with  water,  suspended  in  alcohol  containing  2  per  cent  hydro- 
chloric acid,  and  carefully  triturated  until  the  larger  part  of  the 
copper  IS  recovered.     The  precipitate  is  then  dissolved  in  water 
adding  a  mimmum  amount  of  alkali,  and  the  nucleic  acid  is 
precipitated  by  a  double  volume  of  alcohol  containing  2  per  cent 
hydrochloric  acid.     When  this  process  fails,  the  crude  nucleic  acid 
may  be  dissolved  in  water  with  the  aid  of  a  minimum  amount  of 
alkali  and  precipitated  with  hydrochloric  acid.     This  precipitate  is 
then  redissolved  in  water,  by  the  addirion  of  a  minimum  amount 
of  alkali  and  to  the  solution  an  equal  volume  of  alcohol,  containing 
2  per  cent  of  hydrochloric  acid,  is  added. 

The  following  table  contains  the  results  of  the  analysis  of 
various  samples  obtained  by  this  process: 
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Thymus  gland 

Spleen 

Kidney 

Pancreas 

Liver 

Calculated  for  a    hexose    tetra- 

nucleotide 


36.72 
36.21 
36.51 
36.34 
35.69 

36.30 


4.58 
4  30 
4.17 
4.40 
4.05 

4.19 


14.59 
14.54 
14.07 
14.37 
15.25 

14.79 


9.05 

8.94 
8.74 
9.10 
9.05 

8.73 


The  agreement  of  the  analytical  results  with  the  theory  is  quite 
satTsfactory.    However,    not   too   much   importance   should   be 
atta  h  d  to  it,  since  the  elementary  composition  of  amorphous 
m  has'only  a  relative  theoretical  -PO^tance.     B^^^^^^^^ 
Tint    all   samples   gave   identical   analytical   results,     ^^en   tne 
Original  matedal  contained  10  per  cent  of  phosphorus,  and  about 
12Ter  c"n    of  nitrogen,  but  showed  little  deviation  from    1^ 
heoiT  in  the  content  of  carbon  and  hydrogen      On  the  othei 
ltd    the  table  is  very  important  in  showing  that  nucleic  acids 
deSved  froxn  different' organs  do  not  vary  in  their  elemen  ary 
coTposition  notwithstanding  the  claims  to  the  contrary  recently 
pvnressed  bv  Feulgen  and  others. 

Zo  as  regards  the  content  of  purine  bases,  the  acids  from  the 
various  organs  seem  to  show  only  such  variations  as  could  be 
Ixpec  ed  from  the  degree  of  accuracy  of  the  analytical  methods. 
Thus  the  theory  of  the  tetranucleotide  requires  for  adenine 
piSrate  27.10  per  cent  and  for  guanine  10.6  per  cent  purme  bases. 
The  results  of  the  analysis  were  as  follows: 


Adenine  picrate. 

Guanine. 

26.6 
26.6 
23  3 
23.0 
30.0 

11.8 

Thymus  gland 

13.0 

Spleen 

12  6 

11.5 

Liver 

11.8 

ANALYTICAL    PART. 

The  hydrolysis  of  the  nucleic  acids  for  the  purpose  of  eBtimatrng 

the  purine  bases  was  carried  out  in  the  same  -->' f /-"''f^ 

a  previous  article,  with  the  exception  that  instead  of  absolute 
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methyl  alcohol,  one  containing  5  per  cent  of  water  was  employed 
The  nucleic  acid  (50  gm.)  is  suspended  in  500  cc.  of  95  per  cent 
methyl  alcohol  and  hydrogen  chloride  gas  is  passed  for  2  hours. 
The  acid  soon  dissolves  and  gradually  the  hydrochlorides  of  the 
bases  settle  out.  To  complete  the  separation  the  reaction  product 
IS  allowed  to  stand  over  night. 

Separation   and   Purification   of   the   Purine   Bases.—Aiter   a 
scrutiny  of  the  analytical  data  on  the  nucleic  acids  pubhshed  by 
different  writers  one  is  left  with  the  impression  that  the  workers 
encountered  difficulties  in   obtaining  the  bases  in  analytically 
pure  condition.     This  is  particularly  true  regarding  guanine.     In 
part  this  difficulty  arose  from  the  method  of  hydrolysis,  in  part 
also  from  the  method  of  isolating  the  bases.     It  is  possible,  how- 
ever, to  prepare  the  bases  in  pure  condition  in  a  very  short  time 
The  process  employed  in  the  course  of  this  work  was  the  following  i 
/.  Separation  of  Adenine  from  Guanine.— The  hydrochlorides 
are  dissolved  in  hot  water  and  the  solution  is  neutralized  with 
sodium  hydro.xide  until  neutral  to  Congo  red.     The  guanine  then 
precipitated  out.     A  precipitate  is  then  formed  which  consists 
practically  of  pure  guanine,  slightly  contaminated  with  adenine 
In  order  to  remove  this  it  is  again  dissolved  in  dilute  hydrochloric 
acid  and  again  precipitated  with  sodium  hydro.xide.     The  two 
filtrates  are  combined  and  the  adenine  is  precipitated  in  the  form 
of  the  picrate.     In  the  course  of  the  present  work  the  crude 
adenine  picrate  and  the  crude  guanine  were  dried  to  constant 
weight.     The  crude  adenine  picrate  contains  about  28  per  cent 
of  nitrogen  whereas  29.3  per  cent  is  required  by  theory  and  the 
guanine  contained  about  40  per  cent  of  nitrogen  whereas  46.35  per 
cent  is  required  by  theory. 

S  Purification  of  the  Base.— Adenine  picrate  is  obtained 
analytically  pure  by  one  recrystallization  from  25  per  cent  solution 
of  acetic  acid.  The  crude  picrate  (10  to  12  gm.)is  suspended  in 
1  liter  of  the  acid,  and  boiled  until  dissolved. 

Guanine  is  obtained  analytically  pure  in  the  following  manner 
The  crude  material  is  dissolved  in  boiling  dilute  sulfuric  acid  and 
precipitated  by  means  of  silver  sulfate.  The  precipitate  of  guanine 
silver  sulfate  is  filtered  off  while  the  reaction  product  is  still  hot. 
The  silver  salt  is  decomposed  by  means  of  hydrochloric  acid  and 
the  clear  filtrate  from  silver  chloride  is  neutrahzed  with  10  per 
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cent  of  sodium  hydroxide.  Free  guanine  is  thus  precipitated. 
On  some  occasions  it  was  found  necessary  to  repeat  the  sdver 
precipitation  process. 

Analysis  of  Individual  Nucleic  Acids. 
Thymus  Gland. 

0  1184  gm.  substance:  0.1384  gm.  CO,  and  0.0420  gm^H.O. 

0  1736  ^  "  required  (Kjeldahl)  18.10  cc.  0.1  n  acid. 

n^fiO'i  "  "        :  0.0846  gm.  MgcP207. 

Found.     C  36.72,  H  4.58,  N  14.59,  P  9.05. 

Bases.-A5.0  gm.  of  the  dry  material  yield  12.0  gm.  (26.6  per 
cent)  of  crude  adenine  picrate  and  5.3  gm.  (11.8  per  cent)  of 
crude  guanine,  containing  40  per  cent  nitrogen. 

Adenine  picrate  analyzed  as  follows: 

0.1000  gm.  required  (Kjeldahl,  reduction  with  fc)  20.75  cc^  0.1  x  acid. 
C.H.N.CeH.(NO.)3  0H  +  H.O.     C^^^^-'ed.     N  29.31. 

Guanine  was  analyzed  as  the  free  base. 

0  0983  gm.  substance  required  (Kjeldahl)  32.25  cc.  0.1  n  acid. 
CsHsNsO.     Calculated.     N  46.35. 
Found.  "  45.93. 

I 

Spleen  Nucleic  Acid. 

0  1006  gm.  substance:  0.1+44  gm.  CO,  and  0.0418  gm.  H^O. 
o'.1795  "  "  required  (Kjeldahl)  18.65  cc.  0.1  n  acid. 

0  0693  "  "        :  0.0864  gm.  MgiPsOv. 

Found.     C  36.21,  H  4.30,  N  14.54,  P  8.94. 

Bases  -45.0  gm.  of  the  dry  acid  gave  12.0  gm.  (26  per  cent)  of 
crude  adenine  picrate  and  6.0  gm.  (13.3  per  cent)  of  crude  guanme, 


having  39.2  per  cent  of  nitrogen.  ,       j    „, 

Adenine   was   purified   by   recrystaUization   and   analyzed   as 

llows: 

0  1000  gm.  substance:  (Dumas)  26  cc.  nitrogen  at  26°C.,  756  mm. 
C.H.Na.     CeH.(N0,)3  OH+H,.0.     Calculated.     N  29.3  . 
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Guanine  was  analyzed  both  as  the  free  base  and  as  the  picrate. 

0.098S  gm.  substance  required  (Kjeldahl)  32.35  cc.  0.1  n  acid. 
C'sHsNiO.     Calculated.     N  46.35. 
Found.  "  45.84. 

This  substance  was  dissolved  in  water  on  addition  of  the 
required  amount  of  10  per  cent  sodium  hydroxide.  An  excess  of 
picric  acid  was  then  added.  The  picrate  settled  out  gradually 
m  the  form  of  long  needles  and  analyzed  as  follows: 

0.1000 gm.  substance:  (Dumas)  24.2 cc.  nitrogen  at  23°C    763mm 
C5H5N5O.     CeH2(NO,)3  OH+H2O.     Calculated.     N  28.13. 

Found.  "  28.02. 

Kidney  Nucleic  Acid. 

0.0992  gm.  substance:  0.1312  gm.  COo  and  0.037S  gm.  H,0. 
°-^^^3  "  "  required  (Kjeldahl)  16.95  cc.  0.1  "n  acid 

0-2539  "  "        :  0.0834  gm.  Mg.PjOr. 

Found.     C  36.06,  H  4.26,  N  14.01,  P  9.15. 

Boses.— 42.0  gm.  of  the  substance  yielded  9.8  gm.  (23.3  per 
cent)  of  adenine  picrate  and  5.3  gm.  (12.6  per  cent)  of  crude 
guanme  (N  =  39.05  per  cent). 

Adenine  picrate  was  purified  by  recrystaUization  and  analyzed 
as  follows: 

0.1000  gm.  substance:  (Dumas)  25.3  cc.  nitrogen  gas  at  23°C.,  758  mm 
CsHsNs.     C6H2(N02)3  OH+HoO.     Calculated.     N  29.'31. 

Found.  "  29.10. 

Guanine  was  analyzed  as  the  sulfate. 

0.0967  gm.  of  the  dry  substance  required  (Kjeldahl)  22.65  cc  0  1  n  acid 
(CsHsNeO),  ^RSO^.     Calculated.     N  34.99. 
Found.  "  34.96. 

Pancreas  Nucleic  Acid. 

0.1037  gm.  substance;  0.1382  gm.  CO.  and 0.0408  gm.  H2O. 
0.1866  "  "  required  (Kjeldahl)  19.15  cc.  0.1  n  acid. 

0-2799  "  "        :  0.0914  gm.  Mg.PjOj. 

Found.     C  36.34,  H  4.40,  X  14.37,  P  9.10. 
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Bases.-The  crude  substance  (35.0  gm.)  gave  8  0  gm.  (23  per 
centrof  crude  adenine  picrate  and  4.0  gm.  (ll.o  per  cent)  of 

"tdXtierate  was  recrystallized  once  and  analyzed  as  foUows: 

0  1000  gm.  substance:  (Dumas)  26  cc.  nitrogen  ff°C.  752  mm. 
C.HsN..    CeH.(N0.)3  0H+H,.0.    Caleulated.    N  29.31. 

Guanine  was  identified  as  the  free  base. 

0  0979  gm.  substance  required  (Kjeldahl)  32.10  cc  0.1  n  acid. 
CsHeNeO.     Calculated.     N  46.35. 
Found.  "  45.90. 

Liver  Nucleic  Add. 

0  1094  gm.  substance :  0.1432  gm.  CO.  and  0.0396  gm^H.O. 
0  isoO  "  "  required  (Kjeldahl)  18.55  cc.  0.1  n  acid. 

o'.7000  "  "        :  0-0924  gm.  Mg^PjOj. 

Found.     C  35.69,  H  4.05,  N  15.25,  P  9.05. 

Bases -The  crude  acid  (33  gm.)  gave  9.0  gm.  (30  per  cent) 
of  adenine  picrate  and  3.9  gm.  (11.8  per  cent)  of  crude  guamne 

(by  error  was  not  analyzed).  ,        ,       j      f  ii^„,c. 

Adenine  picrate  was  recrystallized  once  and  analyzed  as  follows. 

0  1000  gm.  substance :  (Dumas)  26.4  cc.  nitrogen  at  29°^,  753  mm. 
C.H.N..    CeH.(NO03OH+H,.O.    Calculated.    N  29.31. 

Found.  ^\).oi. 

Guanine  was  analyzed  as  the  free  base. 

0  0963  gm.  substance  required  (Kjeldahl)  31.75  cc.  0.1  n  acid. 
CsHsNsO.     Calculated.    N  46.3o. 


Found.  "  46.15. 


BENZYLIDENE-ETHYL-CHITOSAMINATE    AND  BENZYL- 
i™E-ETHYL-DIAZOGLUCONATE  (MANNONATE) . 

By  p.  a.  LEVENE. 
^Frorn  tke  Laboratories  of  The  Rockefeller  InstUuie  for  Medical  Research.) 

(Received  for  publication,  June  24,  1922.) 
Levene  and  La  Forge^  observed  that  benzylidene-ethyl-chito- 
s.^11  hydrochlonde  on  cautious  tj-trne-t  -th  ^^^^  ni- 
trite  is  converted  into  the  corresponduag  diazo  de  i^ative      Un 
TolL  hand,  it  has  been  known  that  cMto--n.c  ^d^^^^ 
chitosamine  are  converted  by  the  same  reagent,  not  mt^o  a  mx 
ture  of  two  epimeric  deaminized  derivatives    but  each  into  a 
sSle  derivative.    To  Levene  and  La  Forge  it  seemed  possible 
to  regard  Ih    diazo  derivative  as  an  intermediate  substance  m 
the  proces    of  deamination.    However,  there  existed  no  experi- 
mn^rproof  showing  the  transformation  of  the  d^azo  es^rs 
the  sugar  acids  into  a  single  sugar  acid  and  not  into  a  pair 

'''There  also  existed  no  experimental  data  regarding  the  char- 
acter of  the  substances  which  would  result  frcnn  the^ substitution 
of  the  diazo  group  by  hydrogen  chloride  or  br^-^^e^  ^^^ 

In  the  present  work  the  diazo  compound  was  ^ydrob  zed  and 
the  resulting  hydroxy-acid  identified  on  the  other  hand,  the 
diazo  compound  was  converted  into  the  b^™  f^^^.  ^f^  °X. 
pounds  and  the  chloro  derivative  again  converted  into  a  2-ammo 

Xtydtolysis  of  the  diazo  derivative  .4th  dilute  acetic  acid 
the  formation  of  only  one  derivative  was  ob^-cl ,  nameh 
benzvUdene-ethyl-gluconate.    This   was   identified  in  the  form 
o  :  Saric  acil    However,  in  one  experiment,  anhydrosaccharic 
acid  was  isolated.    The  bromo  and  chloro  derivatives  weie  pre 
Tared  each  with  a  constant  melting  point  and  constant  specific 
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rotation,  showing  that  in  each  instance  only  one  substance  and 
not  a  pair  of  epimers  had  been  formed.  The  latter  conclusion  is 
further  sulistantiated  by  the  fact  that  the  chloro  derivative  on 
treatment  witli  anunonia  gave  but  one  clutosaminic  acid  (2-amino- 
mannonic)  and  not  a  mixture  of  two-aminohexonic  acids.  One 
may  be  inchned  to  explain  these  reactions  by  the  presence  in  the 
molecule  of  three  as^nnmetiuc  carbon  atoms,  on  the  other  hand, 
this  asumptionis  not  bindng  since  Fischer  obtained  two  epimeric 
halogen  derivatives,  when  bromine  or  chlorine  was  added  to 
glucal. 

Regarding  the  direction  of  the  rotation  of  carbon  atom  2  in 
the  derivatives  of  the  diazo  compound,  the  following  was  ob- 
served.   On  hydrolj'sis  of  the  compound  with  dilute  acids  a  sub- 
stance resulted  in  which  the  rotation  of  the  carbon  atom  2  was 
m  the  opposite  direction  from  that  of  the  carbon  atom  2  of  cliito- 
saminic  acid.     On  the  other  hand,  in  the  bromo,  chloro,  and  amino 
derivatives,  the  rotation  of  the  carbon  atom  2  was  the  same  as 
in  the  original  clutosaminic  acid.    It  is  here  accepted  that  in  the 
chloro  and  bromo  derivative  the  direction  of  the  rotation  of  the 
carbon  atom  2  determines  the  direction  of  rotation  of  the  acid. 
Hence  for  the  present  for  the  chloro  and  bromo  derivatives,  the 
configuration  of  mannonic  acid  is  assumed.     On  this  assumption 
chitosaminic  acid  passes  through  the  diazo  derivative  into  the 
chloro  derivative  and  back  into  the  amino-acid  apparently  with- 
out Walden  inversion.     On  the  other  hand,  deamination  through 
only  the  diazo  derivative  undergoes  the  Walden  inversion  in  the 
same  way  as  on  direct  deamination. 

In  connection  with  the  Walden  inversion  it  is  interesting  to 
note  that  it  occurs  'in  this  instance  both  in  the  acid  and  in  its 
ester.  In  the  majority  of  amino-acids  according  to  the  observa- 
tion of  Fischer,  the  inversion  occurs  only  in  the  acid  and  not  in 
the  ester.  In  the  amino-acids  where  acid  and  ester  both  gave 
rise  to  the  same  hydroxy-acid,  Fischer's  original  view  was  that 
no  inversion  occurred  in  either,  and  later  he  reversed  liis  opinion 
accepting  an  inversion  in  both.  In  the  present  instance  chito- 
saminic acid  and  ester  give  a  hydroxy-acid  in  wliich  the  carbon 
atom  2  rotates  to  the  right,  whereas  chitosamine  leads  to  a  hy- 
droxy-acid in  wliich  the  carbon  atom  2  rotates  to  the  left.  On  the 
basis  of  considerations  discussed  in  another  article  it  was  as- 
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!  th^t  the  inversion  occurred  in  chitosandnic  acid,  hence 
:rio  Iturst  the  ester.     TMs  fact  is  a  corroboration  of  the 

'^^:iul^:^er.  described  are  represented  by  the  fol- 


lowing  graphic  expression: 
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IV.  V. 

In  the  course  of  the  work  some  derivatives  were  P-P-^d  -hkh 
have  no  direct  bearing  on  the  present  problem,  but  e^entuallj 
thJv  may  becLne  of  theoretical  value.  These  con.pounds  are 
Ben.;Sne-clntosan.mc  acid,    benzylidene-ethyl-ci.  o^^^^^^^^ 

(this    was    reconverted    into    its   hy^ro^W^^f^'    ^""'^  ,,iX 
acetone-ethvl-chitosaminate,benzyUdene-l-ethyl-2  3-anhyd  oglu- 

:onar(mannonate),andbenzyUdene-ethyl-desoxyghaco^^^^^^^^ 
nonate).     The  last  may  be  a  mixture  of  gluconate  and  mannonate. 
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Benzylidenc-l-amino-2,3-dehydrogIuconate      (mannonate)      and 
benzylidenc-l-aimno-2-chloromannonate    were    also    prepared. 

The  first  three  substances  were  obtained  in  the  process  of  prep- 
aration of  free  benzyhdene-ethyl-chitosaminate.  In  one  phase 
of  the  work  it  seemed  as  if  the  halogen  derivative  of  the  diazo 
compound  was  readily  converted  into  the  free  amino  derivative 
and  hence  it  was  desirable  to  compare  the  substance  obtained 
from  the  diazo  compound  with  that  from  benzylidene-ethyl- 
chitosaminate  hydrochloride. 

The  benzylidene-acetone-ethyl-chitosaminate  was  obtained 
accidentally,  when  it  was  attempted  to  recrystalhze  benzylidene- 
ethyl-chitosaminate  from  acetone.  The  condensation  took  place 
m  the  short  time  required  to  bring  the  original  substance  in 
solution.  It  IS  remarkable  that  the  acetone  is  cleaved  off  as 
readily  as  it  is  condensed  with  the  benzyhdene-ethyl-chitosami- 
nate. Benzyhdene-chitosaminic  acid  was  obtained  as  a  by- 
product in  the  process  of  preparation  of  its  ester. 

Benzyhdene-l-ethyl-2,3-anhydrogluconate  (mannonate)  is  ob- 
tained almost  instantly  when  an  alcoholic  solution  of  benzyli- 
dene-ethyl-chitosaminate  is  poured  into  aqueous  ammonia  and 
the  solution  cooled  to  0°C.  This  derivative  apparently  retains 
the  enolic  structure 


■2il6 


CH^  •  CH  •  CHOH  •  CHOH  •  CH  =  CHO  •  COOC^H, 
O        O 

CHCeHs 

and  not  the  structure 

CB,  ■  CH  •  CHOH  •  CHOH  ■  CH^  •  CO  •  COOC^H 


2-ns 


o      o 

\/ 

CHCeHe 

since  with  phenylhydrazine  it  did  not  form  a  hydrazone,  and  fur- 
thermore in  the  presence  of  palladium  it  was  readily  hydrogenated 
giving  the  following  substance: 

CH2  •  CH  ■  CH(OH)  •  CH(OII)  •  CH,  •  CHOH  •  COOC^H, 

O       O 
CHCcHs 
(The  position  of  the  desoxy  carbon  atom  may  be  either  2  or  3.) 
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It  is  not  known  whether  this  is  a  single  substance  or  a  mixture 
of  two  cpimers.  Thus  attempts  to  convert  the  bromo  derivatives 
into  benzyhdene-chitosaminic  ester  failed.  The  attempt  to  con- 
vert  the  free  bromomannonic  acid  into  chitosaminic  acid  was 

also  not  successful. 

Bcnzylidene-l-amino-2-cliloromannonate  is  formed  when  an 
alcoholic  solution  of  the  chloro  ester  is  poured  into  an  excess  of 
aqueous  ammonia  and  the  solution  is  allowed  to  crystallize 
The  same  substance  is  formed  when  the  chloro  ester  is  dissolved 
in  alcohol  containing  ammonia  gas.  On  the  contrary,  if  an  alco- 
hohc  solution  of  the  chloro  ester  added  to  aqueous  ammonia  is 
heated  at  95°C.  for  10  hours  in  a  sealed  tube  the  product  is  ben- 
zyhdene-ethyl-chitosaminate . 

Since  in  the  course  of  the  reaction  some  decomposition  takes 
place  it  is  more  conveniently  identified  as  chitosanumc  acid. 

EXPERIMENTAL. 

Benzijlidene-Ethyl-ChitosamiJiate  Hydrochloride.— The  sub- 
stance was  prepared  under  conditions  previously  described. 
For  purification  it  was  dissolved  in  methyl  alcohol.  To  the  solu- 
tion dry  ether  was  added  until  crystalUzation  was  complete. 
The  substance  melted  at  200°C.  (uncorrected)  and  analyzed  as 
follows : 

0  197'^  gm.  substance:  (Kjeldahl)  5.65  cc.  0.1  n  acid. 

01970    "  "         :  (Volhard)    5.6     "    0.1  n  silvermtrate. 

o'o2o"     "  "         :  (a)   (Van  Slyke)  in  4  min.   0.38  cc.  nitrogen   at 

22°C.,  753.4  mm. 

0.020  gm.  substance:  (6)   (Van  Slyke)  in  30  mm.  O.o9  cc.  nitrogen  at 
090Q    753  4  inni. 

C.^H.NOtHCI.    Calculated.     N  4.04,  Amino  N         4.04,  CI  10.94. 
Found  "  4.01,       "        "   ia)  1.06,  "    10.07. 

"   (b)  1.65. 
The  substance  had  the  following  rotation: 

,    .0      -  0.30°  X  100  „„o 

["!■>  =  — nn "^" 

Benzylidene-Ethyl-Chitosaminate  and  Benzylidene-Ckitosaminic 
Add— The  hydrochloride  (40.0  gm.)  was  dissolved  in  water 
(150  cc.)  and  an  excess  of  an  aqueous  1.0  x  sodium  hydroxide 
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solution  (140  cc.)  was  added.  On  scratching  the  walls  of  the 
container  the  solution  noarl.y  solidifies  into  a  mass  consisting  of 
curved  needles.  The  precipitate  was  filtered  on  a  suction  funnel 
and  washed  a  few  times  with  water.  The  precipitate  was  dried 
under  diminished  pressure  over  sulfuric  acid  until  practically 
dry.  The  jdeld  of  the  dry  product  was  about  20.0  gm.  The  sub- 
stance consisted  principall}'  of  the  free  benzylidene-chitosaminic 
ester  with  a  small  admi.xture  of  benzylidene-chitosaminic  acid. 
The  filtrate  contained  a  larger  quantity  of  the  latter  substance. 
This  crystalUzed  out  on  standing  in  the  form  of  large  crystaUine 
plates.  The  separation  of  the  benzylidene  ester  from  the  acid 
was  accomphshed  in  the  following  way:  The  dried  substance 
(1  part)  was  taken  up  in  boiling  98.5  per  cent  alcohol  (4  parts) 
and  filtered.  The  insoluble  part  consisted  of  the  benzylidene- 
chitosaminic  acid.  The  filtrate  contained  the  ester.  On  stand- 
ing it  crystalUzed  out  in  long  prisms.  For  analysis  it  was  re- 
crystallized  twice  from  small  volumes  of  98.5  per  cent  alcohol. 
It  melted  at  120°C.  (corrected)  and  analyzed  as  follows: 

0.0770  gm.  substance:  0.1638  gm.  CO,  and  0.0432  gm.  HjO. 
0.1288    "  "  required  (Kjeldatil)  4.45  cc.  0.1  n  acid. 

CisHsoNOe.     Calculated.     C  57.85,  H  6.80,  N  4.50. 
Found  "  57.94,   "  6.28,   "  4.83. 

The  substance  in  methyl  alcoholic  solution  had  the  following  rotation: 

,  ,20      -  0.50°  X  100 

^<  =  ^T><1 =-^° 

The  benzylidene-chitosaminic  acid  was  purified  bj^  dissolving 
in  hot  water  and  adding  98.5  per  cent  alcohol  to  slight  opalescence. 
On  standing  the  substance  crystallized  in  large  prismatic  plates. 
After  two  or  three  crystalhzations  the  substance  analyzed  cor- 
rectly. It  melted  at  230°C.  (uncorrected)  and  analyzed  as 
follows: 

0.1084  gm.  substance:  0.2008  gm.  COi  and  0.0594  gm.  H.O. 
0.1S59     "  "  required  (Kjeldahl)  6.55  cc.  0.1  n  acid. 

0.0186     "  "         :  (Van  Slyke)  1.75  cc.  nitrogen  at  24.0°C.,  765  mm. 

CsHnNOe.     Calculated.     C  55.09,  H  6,05,  N  4.94,  NH^  4.94. 
Found  "  55.40,   "  6.19,   "  4.93,     "     4.92. 

The  substance  had  in  aqueous  solution  the  following  optical  rotation: 

=0  _  -  0.28°  X  100  _ 

'"'■> Txi  ^^ 


CORRECTIONS. 
On  page  454,  Vol.  LIU,  No.  2,  August,  1922,  14  lines  from  the  bottom,  for 

4  lines  from  the  bottom,  for  NH,  4.9i  read  Amino  N  4.9i. 
Last  line,  for 
,    ,c      -  0.38°  X  /QO  _g„c  „,H  raf°  =  z!M?14i°^=  -  -28". 

1«1d  =  — 73<1 ^  ^  ^ 

On  page  455,  13th  line,  for  m°  read  138°. 

19th  line,  for  CxsH^iNO^  read  C,iHn^'0^■ 
'  9  lines  from  the  botton-,  for  0.1072  read  0J077. 

8  lines  from  the  bottom,  for  0.1932  read  0.1982. 
On  page  457,  4  lines  from  the  bottom,  for 

CtH^OyKa  +  H-,0  read  CHiOiK  +  H.O. 
On  page  459,  11th  line,  for  (93.0  gm.)  read  (S.O  gm.). 
On  page  460,  8th  line,  for 

^4"  .  +^1^"  =  +  .5^  read  l^l^  =  ^^^f^f^^^  =  -  ^^^ 
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Benzylidene.Acetone.Ethyl-Chitosaminate.--This  substance  was 
obtained  incidentally,  in  an  experiment  aiming  to  separate  ben- 
Sudenthitosaininic  acid  from  its  ester.     The  -de  materia 
(io  0  gm.)  was  suspended  in  dry  acetone  and  digested  on  a  boil 
ng  water  bath.     A  part  (3.0  gm.)  remained  undissolved^    Tin 
substance  proved  to  be  the  benzyhdene-chitosamimc  acid.    The 
mottri  quor  was  allowed  to  stand  in  a  vacuum  desiccator  over 
rnurTc  add.     Soon  very  large  prismatic  crystals  began  to  form 
on  the  edge  of  the  liquid  and  after  a  few  days  crystalhzation  seemed 
comp  ete      The  J\d  was  about  20  gm.     From  the  mother  hqu^or 
on  standing,  further  crystalUzation  took  place.     For  punficat  on 
^he  Iterial  may  be  recrystalhzed  either  f-ni  absolute  aleoho 
or  from  acetone.    The  substance  melts  sharply  at  128  C.    it 
analyzed  as  follows: 

0  1134  gm.  substance:  0.2380  gm.  CO.  and  0.732  gm^  H.O. 

n  IQRfi    "  "  required  (Kjeldahl)  5.55  cc.  0.1  N  acid 

0  S      "  "         :  (Van  Slvke)  after  30  min.,  0,87  oe.  nitrogen  at 

Found.  iji.oi,       I.—, 

The  optical  rotation  of  the  substance  was: 

,  ,,„       -  0.70°  X  100  ^  _  „oo 
[«1d  = Txl 

The  substance  is  readily  reconverted  into  the  hydroehlonde 
of  benzyhdene-ethyl-chitosaminate.  It  (^f  g--)  -^^/f  J^!^^ 
in  20  cc.  of  dry  methyl  alcohol,  to  this  solution  20  cc  of  0  6  n 
hydrochloric  acid  in  dry  ether  were  added,  then  d^y  ^tl-rjinUl 
sUght  opalescence.  On  standing  a  substance  crys talhzed  which 
melted  at  202°C.  (uncorrected)  and  analyzed  as  follows: 

0  1072  gm.  substance:  0.2044  gm.  CO.  and  0.0626  gm.  H,0. 
n    030     "  "  required  (Kjeldahl)  5.55  cc.  0.1  n  acid. 

C.H..N0,HC1.     Calculated.     C  51.72,  H  6  34   N  4  04. 
Found.  "  51.75,   "  6.50.       3.99. 

Diazo  Derivative  of  Benzylidene-Ethyl-Chitonate.-The  original 
method  for  the  preparation  of  the  diazo  ester  was  shghtly 
modified.  The  hydrochloride  of  benzylidene-ethyl-chit^osa- 
minate  (20  gm.)  is  dissolved  in  250  cc.  of  water  and  chilled  0 
the  same  temperature.    The  two  solutions  are  combined  and  to 
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the  resulting  solution  glacial  acetic  acid  (30.0  cc.)  is  added.  The 
contents  of  the  flask  are  practically  solidified.  The  product  at 
this  phase  seems  colorless.  When  filtered  off,  however,  it  was  a 
light  ja^low.  The  product  is  dissolved  in  ether  and  the  ethereal 
solution  is  washed  (four  times)  in  a  separatory  funnel  with  a  cold 
solution  of  sodium  carbonate  and  then  (three  times)  with  water. 
The  ethereal  solution  is  dried  by  means  of  anhydrous  sodium 
sulfate  and  concentrated  under  diminished  pressure  to  a  volume 
of  about  35  cc,  then  transferred  into  an  evaporating  dish  which 
is  placed  in  a  vacuum  desiccator  over  sulfuric  acid.  The  solution 
is  evaporated  to  dryness  leaving  a  light  yellow  mass  which  is 
readily  pulverized.  The  powder  is  exhaustively  extracted  with 
low  boiling  petroleum  ether  and  is  then  analytically  pure. 

The  nitrogen  estimation  is  easily  carried  out  by  the  process 
described  by  Levene  and  Mikeska.^ 

Several  samples  were  analyzed  in  this  manner  with  the  follow- 
ing results: 

Sample  1.  0.020  gm.  substance:  1.60  cc.  nitrogen  at  26°C  ,  760  mm 
"       2.  0.020    "  "         :  1.57   "  "  "  26° "     760     "  ' 

"       3.  0.020    "  "         :  1.54   "  "  "  26°"     760     " 

CisHisOeNa.     Calculated.  N  S.69. 

Found,  Sample  1.      "  S.SS. 
2.     "  8.71. 
"  "         3.     "  S.55. 

The  optical  rotation  of  the  substance  was  the  following: 

^    .0^-1.00°  X  100^  _ 
i«Jd  2X1 

Hydrolysis  of  the  Diazo  Derivative. — The  product  resulting  from 
hydrolysis  of  the  diazo  derivative  depends  on  the  conditions  of 
the  reaction.  If  the  reaction  takes  place  in  the  absence  of  water 
or  in  organic  solvents  containing  only  a  small  proportion  of  water 
the  product  is  apparently  ethyl-2,3-anhydrogluconate,  otherwise 
ethyl-gluconate  or  ethyl-l,4-anhydrogluconate  is  formed  as  the 
principal  product.  It  was  found  difficult  to  isolate  and  identify 
the  original  reaction  product,  hence  this  was  further  o.xidized  by 
means  of  nitric  acid.  In  the  conditions  in  which  only  the  unsatur- 
ated acid  formed  the  product  of  oxidation  was  mosotartaric  acid, 
under    other   conditions    the  product  of   oxidation   was   either 

"  Levene,  P.  A.,  and  Mikeska,  L.  A.,  J.  Biol.  Chem.,  1922,  lii,  485. 
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saccharic  or  anhydrosaccharic  acid.     The  conditions  of  reaction 

were  as  follo^vs:  suspended  in  400  cc.  of  dis- 

The  diazo  compound  (20  gm.)  was  suspeiiu^u  111 

tilled  water  and  glacial  acetic  acid  (20.0  gm.)  was  added.     The 
flask  is  placed  near  a  hot  water  bath  and  from  tm.e  to  tm.e  warmed 
;;  the  water  bath  so  as  to  maintam  a  contmuous  but  gentle 
evolution  of  nitrogen  gas.     The  reaction  was  considered  coiiipleted 
when  a  dark  yellow  oil  (benzaldehyde)  settled  out  on    he  bottom 
of  the  flask."  The  oil  is  separated  in  a  separatory  f^^^f '  ^^e 
aqueous  portion  is  extracted  with  ether  and  concentrated  to 
nearly  dryness  under  diminished  pressure.    The  residue  is  dis- 
solved in  water  and  again  concentrated  under  dimimshed pressure. 
The  operation  is  repeated  four  times.     In  this  manner  the  great- 
est part  of  the  acetic  acid  is  removed.     The  final  residue  is  taken 
UP  in  40.0  cc.  of  water,  an  equal  volume  of  concentrated  mtric 
acid  is  added,  and  the  solution  is  allowed  to  stand  over  mght.     it 
is  then  transferred  to  a  clock-glass  and  evaporated  to  dryness  on 
a  water  bath.    The  residue  is  dissolved  in  nitric  acid,  diluted  with 
an  equal  volume  of  water,  and  the  solution  evaporated  to  dryness. 
The  residue  is  then  dissolved  in  water  and  the  process  repeatecU 
The  final  product  is  dissolved  in  water,  again  shaken  out  with 
ether,  and  finally  converted  into  the  calcium  salt. 

The  j-ield  of  the  calcium  salt  is  about  5  to  6  gm.  from  100  gm. 
of  the  diazo  compound.  In  the  earlier  experiments  the  calcium 
salt  was  purified  by  repeatedly  dissolving  it  in  water  containing 
the  requisite  amount  of  oxahc  acid  and  reconverting  it  into  the 
calcium  salt  until  a  product  with  a  maximum  optical  rotation  ot 
about  [at  =  +  24.0°  was  obtained.  Under  these  conditions  an- 
hydrosaccharic acid  was  obtained. 

When  the  calcimn  salt  was  only  once  recrystalhzed  and  then 
converted  into  the  acid  potassium  salt,  the  salt  of  saccharic  acid 

was  obtained.  .         .  , 

The    analytical   results    obtained    on    anhydrosaccharic    acid 

were  as  follows: 

0  1000  gm.  substance:  0.0348  gm.  K2SO4. 

CsHjOjKa+H.O.     Calculated.     K  15.70. 
Found.  "  15.61. 

The  optical  rotation  of  the  substance  was: 

,  _,o      +  0.63°  X  100  _    ,  (.,0 

Wo= — Txi + 
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The  analytical  results  obtained  on  the  salt  of  the  saccharic  acid  were 
as  follows: 

0.1000  gm.  substance:  0.0352  gm.  K2S04. 

CsHsOsK.     Calculated.     K  15.70. 

Found.  "  15.80. 

The  optical  rotation  of  the  substance  is  as  follows: 

,  ,20      +  0.07°  X  100 

Benzylidene-l-Ethyl-2-Bromomannonate.— The  diazo  compound 
(20.0  gm.)  is  su.spended  in  400.0  cc.  of  anhydrous  (over  sodium) 
ether  and  dry  ether  saturated  with  hydrogen  bromide  gas  is  added 
as  long  as  the  diazo  compound  is  dissolved  and  the  yellow  color 
has  disappeared.  The  ethereal  solution  is  then  washed  with  a 
saturated  solution  of  sodium  carbonate,  cooled  to  0°C.  The  opera- 
tion is  repeated  until  all  hydrobromic  acid  is  removed  from  the 
ethereal  solution.  The  ethereal  solution  is  then  dried  with  an- 
hydrous sodium  sulfate,  concentrated  to  a  small  volume,  and  the 
bromo  compound  is  precipitated  with  hgroin  (80-90°C.).  The 
crude  compound  is  obtained  analytically  pure  after  several  re- 
crystalhzations,  from  a  mixture  of  ether  and  ligroin.  The  yield 
was  between  25  to  40  gm.  from  100.0  gm.  of  the  diazo  compound. 
The  substance  melted  at  119°C.  (corrected)  and  analyzed  as 
follows : 

0.1040  gm,  substance:  0.1820  gm.  CO-,  and  0.0480  gm   H.,0 
0.2000    "  "         :  0.1016  gm.  AgBr. 

CisHijBrOo.     Calculated.     C  47.99,  H  5.10,  B  21.30. 
Found.  "  47.25,   "  5.16,   •'   21.56! 

The  optical  rotation  of  the  substance  was: 

M;°=-"f;f°°^-33° 

Benzylidene-l-Ethyl-2, 3  -Anhydromannonate.— The  substance 
was  obtained  in  an  experiment  which  aimed  to  convert  the  bromo 
compound  into  the  corresponding  amino  derivative. 

The  bromo  compound  (30.0  gm.)  is  dissolved  in  35  cc.  of  98.5 
per  cent  alcohol  and  poured  into  30.0  cc.  of  concentrated  aqueous 
ammonia.  After  standing  for  5  to  10  minutes  at  room  tempera- 
ture the  substance  solidifies  on  cooUng  into  a  solid  mass  consist- 
ing of  long  microscopic  needles.  The  material  is  filtered,  dried 
in  a  vacuum  desiccator  over  sulfuric  acid  and  then  recrystaUized 
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from  35  per  cent  alcohol.     Tins  operation  is  repeated  several 
t  m^s      pLally  the  product  is  twice  recrystalUzed  m  its  own  weigh 
of  boiUng  98.5  per  cent  alcohol.     The  final  product  melted  at 
122.5°C.  (corrected)  and  analyzed  as  follows. 

0.1130  gm.  substance:  0.2522  gm  CO.  and  0.0594  gm^H.O. 
C.H.Oe.     Ca^ated.     C  61._1,  H  0.1.. 

The  optical  rotation  of  the  substance  was: 

.  _  -llOlXiOO  ^  _  73  30 
Md  -         1  X  1.5 

Benzylidene-Ethyl-DesoxygluconateiMannonate) -The  pvevio^^^ 

substance  (93.0  gm.)  was  dissolved  tn  10  cc.  of  98-5  P-  -nt  a^^^^^^^^^^ 
and  saturated  with  hydrogen  gas  in  the  presence  0  Paal  s  oUoida 
palladium.     The  substance  absorbe^  the  theoretical  vc^urne  o 
hvdrogen.    The  operation  was  completed  m  72  hours.    The  prod 
ult  was  filtered.     The  greatest  part  of  the  palladium,  however, 
remarned  in  colloidal  solution.     Hence  the  filtrate  was  concen- 
tred to  dryness  under  diminished  pressure.     The  resic^e  wa 
dissolved  in  a  Uttle  boiUng  alcohol  with  charcoal,  filtered,  and 
a  lowed  to  evaporate  to  dryness.    This  operation  was  repeate^ 
three  times  when   a  perfectly   colorless   product  was  obtained. 
It  melted  at  126°C.  (corrected)  and  analyzed  as  follows: 

0  1081  gm.  substance:  0.2274  gm.  CO3  and  0.0642  gm^H.O. 
CuH^oOe.     Calculated.     C  60.81,  H  6.76. 
Found.  "  60.91,   "  7.05. 

The  optical  rotation  of  the  substance  was: 

,„  _  -  0.52°  X  100  ^  _  ,QO 
Md -  1X2 

Benzylidme-l.Amino-2,S-AnhydrogluconateiMannonate).-Vfhen 
a  solution  of  th.'  bromo  compound  in  alcohol  is  added  to  ammonia 
water  following  exactly  the  same  conditions  as  for  the  P-paration 
of  the  benzyhdene-ethyl-anhydrogluconate,  and  is  allowed  to 
stand  at  0°C.,  the  solution  remains  either  Uquid  or  partly  gelati- 
nous On  fu  ther  cooUng  in  an  ice-alcohol  mixture  the  content 
of  the  flask  turn  into  a  gelatinous  mass.  This  is  best  filtered  and 
washed  with  water,  it  then  acquires  a  white  granu  ar  character. 
After  it  is  dried  in  a  vacuum  desiccator  (over  soda-hme)  to  com- 
plete dryness  it  can  be  recrystallized  from  absolute  alcohol,     i  he 


460  Benzyliclenes 

process  may  be  repeated  until  the  product  is  analytically  pure 
The  substance  melted  at  230°C.  and  analyzed  as  follows: 
0.1106  gm.  substance:  0.23S0  gm.  CO,  and  0.0586  gm.  H.O 
°09^3     "  "  required  (Kjeldah!)  3.64  cc.  0.1  N  acid. 

CuHisN  Oe.    Calculated.     C  58.84,  H  5.70,  N  5.28. 
Found.  "  58.68,   "  5.93,  "  5.14. 

The  substance  had  the  following  rotation: 

r  ,'»       +1.30°X  100         ,    „^„ 
°  " Txl "  +  ^^ 

Actio7i  of  Aqueous  Ammonia  on  Benzijlidene-2-Bromo-Ethyl- 
GZucowa/e.— Benzyhdene-2-bromo-ethyl-gluconate  (5.0  gm  )  was 
suspended  in  100  cc.  of  2  per  cent  sulfuric  acid  and  placed  on  a 
water  bath  for  1  hour.  The  benzaldehyde  settled  out  on  the 
bottom  of  the  flask  in  the  form  of  an  oil.  The  oil  was  extracted 
by  means  of  ether  and  the  aqueous  solution  freed  from  sulfuric 
acid  quantitatively  by  means  of  barium  hydroxide.  The  aqueous 
solution  was  then  concentrated  to  a  volume  of  20  cc,  an  equal 
volume  of  concentrated  ammonia  water  was  added,  and  the  solu- 
tion was  kept  in  a  sealed  tube  at  100°C.  for  24  hours.  The  result- 
ing solution  after  the  removal  of  the  ammonia,  showed  the  pres- 
ence only  of  a  few  mm.  of  amino  nitrogen. 

Benzylidene-l-Ethijl.2-Chlm-ogluconaie.— The  substance  was  pre- 
pared m  the  same  manner  as  the  corresponding  bromo  compound, 
with  the  exception  that  ether  saturated  with  hydrogen  chloride 
gas  was  used.  The  yield  was  10.0  gm.  from  100.0  gm.  of  the 
diazo  compound.     It  melted  at  127°C.  and  analyzed  as  follows: 

0.1062  gm.  substance:  0.2122  gm.  CO,  and  0.0584  gm   H,0 
0-2024     "  "         :  0.0858     "    AgCl. 

C.sHioCl  Os.    Calculated.     C  54.46,  H  5.8,    CI  10.74. 
Found.  "  54.69,   "  6.U,   "   10.48. 

■     The  rotation  of  the  substance  was: 

,  ,!o      -  0.20°  X  100 

Benzijlidene-l-Amino-3-Chloromannonaie.— The  substance  de- 
scribed in  the  previous  section  (5.0  gm.)  was  dissolved  in  5  cc. 
of  98.5  per  cent  alcohol  and  transferred  into  4.0  cc.  of  aqueous 
ammonia.  The  solution  was  allowed  to  stand  over  night  and 
then  concentrated  in  a  vacuum  desiccator.  A  deposit,  consist- 
ing of  microscopic  needles,  was  formed.     Tliis  was  recrystalHzed 
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first  from  35  per  cent  alcohol  and  finaUy  from  98.5  per  cent  alco- 
hol until  the  substance  gave  a  negative  test  with  Nessler's  reagent. 
The  substances  melted  at  197°C.  (corrected)  and  analyzed  as 
follows: 

0  1022  gm.  substance:  0.1938  gm.  CO2  and  0.0540  gm.  H^O. 
0  1857     "  "         :  0.0844     "    AgCl. 

•       0  1887     "  "  required  (Kjeldahl)  5.95  cc.  0.1  n  acid. 

■    CuHhNO.CI.     Calculated.     C  51.73,  H  5.35,  N  4,69,  CI  11.75 
Found.  "  51.72,  "  5.52,   "  4.41,        11.23. 

The  substance  had  the  following  rotation: 

,  ,,0      -  0.23°  X  100 ^00 

'«'■>  = 00 

Conversion  of  the  Benzylidene-l-Ethyl-2-Chloromannonate  into 
Chitosaminic  Acid.— The  chloro  compound  (3.0  gm.)  was  dissolved 
in  4  cc.  of  98.5  per  cent  alcohol  and  the  solution  added  to  4.0j;c. 
of  aqueous  ammonia.     This  is  sealed  in  a  tube  and  heated  at  95°C. 
for  10  hours.     At  the  end  of  that  time  the  tube  is  allowed  to  cool 
and  the  solution  which  has  then  turned  dark  brown  is  concentrated 
to  nearly  dryness  under  diminished  pressure.     The  residue  is 
taken  up  in  2  per  cent  sulfuric  acid  and  boiled  over  a  flame  for 
15  minutes.     It  is  then  allowed  to  cool  and  washed  with  ether, 
(in  a  separately  funnel)  to  remove  the  benzaldehyde.     The  re- 
sulting aqueous  solution  is  freed  from  hydrochloric  acid  and 
ammonia  in  the  usual  way  and  concentrated  to  nearly  dryness. 
The  residue  is  dissolved  in  a  httle  water,  acetone  is  added  to  the 
solution  until  an  oil  settles  out,  and  all  is  warmed  on  a  water 
bath  until  crystallization  begins.     Prior  to  treatment  with  ace- 
tone a  smalf  sample  of  the  aqueous  solution  was  used  for  an 
amino    nitrogen    determination    according   to    Van    Slyke.     On 
the  basis  of  this  estimation  the  solution  contained  0.9  gm.  of 
chitosaminic  acid.     However,   from   five   experiments   only  2.5 
gm.  of  chitosaminic  acid  crystalhzed.     After  one  recrystalUza- 
tion  the  substance  was  analytically  pure.     It  analyzed  as  follows ; 

0  llOS  gm.  substance:  0.1508  gm.  CO2  and  0.0674  gm.  H2O. 
0  0670     "  "  required  (Kjeldahl)  3.45  cc.  0.1  n  acid. 

CeHnNOe.     Calculated.     C  36.92,  H  6.66,  N  7.18. 
Foimd.  "  37.11,   "  6.80.  "  7.21. 

The  rot. it  ion  of  the  substance  was: 

■0  ^  -  0.15°  X  100  ^_^S0 
Wo  1X1 


THE  FATE  OF  SOME  OF  THE  PHENYLACETYLATED 
AMINO-ACIDS  IN  THE  ANIMAL  ORGANISM. 

By  GEORGE  J.  SHIPLE  and  CARL  P.  SHERWIN. 
iFrom  the  Chemical  Research  Laboratory  of  Fordham  University,  Ncv,  York.) 
(Received  for  publication,  June  20,  1922.) 
Magnus-Levy  endeavored  (1)  to  account  for  the  formation  °f 
the  Wge  quantities  of  glycocoU  which  the  body  can  furnish  after 
the  ingestion  of  benzoic  acid  on  the  theory  that  hippuri    acid 
^fglt  possibly  originate  by  the  curtaihnent,  as  it  were,  of  longer 
S  ained  benzoylated  amino-acids.     Accordingly,  he  benzoylated 
no    the  knoL  amino-acids  and  injected  the  compounds  sub- 
cutaneously  into  dogs.     Quantitative  analysis  of  the  urine  showed 
hat  in  no  case  was  there  any  evident  increase  in  the  amount  o 
hippuric  acid  excreted.     On  the  contrary,  the  investigator  was 
abl  to  recover  the  original  substances  from  the  vmne   and  t^s 
in  such  quantities  that  the  absence  of  any  ^-^^^^^^.t^mlZ 
of  the  longer  chained  amino-acids  was  assured.     Ando  (2)  tooK 
iaminocinnamic  acid,  which  is  known  te  be  completely  oxidized 
in  the  bodv,  and  benzoylated  it.     He  found  that  both  after  in- 
gestion and  injection,  it  was  eliminated  in  the  urine  unchanged, 
men,  however,  benzoylated  tyrosine  or  benzoylated  p-hydroxy- 
a-aminocinnamic  acid  was  fed,  these  compounds  were  abaost 
entirely  destroyed  in  the  organism.  _ 

It  would  seem  therefore,  that  an  aUphatic  a-ammo-acid,  re- 
gardless of  the  length  of  its  chain,  is  not  subject  to  oxidation  as 
long  as  the  a-amino  group  remains  intact,  and  that  the  same 
applies  also  to  the  aromatic  amino-acids,  unless  as  in  the  cases  of 
tyrosine  and  p-hydroxy-a-aminocinnamic  acid,  the  para  position 
of  the  ring  has  been  subjected  to  pre^^ous  partial  oxidation. 
Moreover,  the  evidence  seems  conclusive  that  the  molecule  m  the 
above  cases  was  rendered  impervious  to  the  attempts  at  oxidative 
or  hydrolytic  deamination  by  the  replacement  of  one  of  the  hy- 
drogen atoms  of  the  a-amino  group  by  a  benzoyl  radical.     Further- 
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more,  as  other  investigators  have  shown,  the  same  successful 
"blocking"'  of  the  a-araino  group  has  been  effected  by  the 
formation  of  the  uramino  compound  or  of  the  hj'dantoin.  Thus 
Salkowski  (3)  showed  that  when  hydantoic  acid  is  fed  to 
rabbits  it  is  excreted  as  such  in  the  urine;  and  RoKde  (4)  isolated 
the  greater  part  of  the  uramino  derivative  of  leucine  from  the 
urine  of  a  cat  after  the  intravenous  injection  of  the  substance. 
Finally,  Lewis  and  Root  (5)  have  recently  shown  that  the  phenj-l- 
uramino  derivative  of  cystine  probably  passes  through  the  body 
without  undergoing  oxidation,  for  there  is  little  increase  in  the 
amount  of  oxidized  sulfur  in  the  urine  after  the  substance  has 
been  fed,  and  no  increase  in  this  form  of  sulfur  after  the  injection 
of  the  substance.  For  further  corroboration  of  this  work  the 
reader  is  referred  to  the  very  recent  article  of  Hijikata  (6)  who  has 
described  in  detail  the  "rediscovery"  of  some  of  the  facts  men- 
tioned above. 

In  our  work  we  had  in  mind  four  different  problems:  (a)  the 
preparation  and  study  of  a  number  of  the  phenylacetyl  deriva- 
tives of  the  natural  amino-acids;  (6)  the  determination  of  the 
efficiency  of  this  phenylacetyl  radical  as  a  "block"  to  the  catabo- 
Ksm  of  these  amino-acids;  (c)  an  attempt  to  solve  the  mystery 
regarding  the  genesis  of  glycocoll  in  the  animal  organism;  and  (d) 
a  study  of  the  physiological  effects  produced  on  one  animal  by 
the  detoxication  products  elaborated  by  an  animal  of  another 
species. 

Accordingly,  we  prepared  the  phenylacetyl  derivatives  of 
glycocoll,  alanine,  leucine,  glutamine,  glutamic  acid,  asparagine, 
aspartic  acid,  and  ornithine,  according  to  the  Schotten  and 
Baumann  method,  namely  by  shaking  a  weakly  alkaline  solution 
of  the  amino-acid  with  phenylacetyl  chloride.  Of  these  com- 
pounds, phenylacetyl  alanine  and  phenylacetyl  leucine  had  never 
been  prepared  before.  They  were  studied,  therefore,  in  some- 
what greater  detail. 

The  phenylacetyl  radical,  differing  chemically  but  little  from  its 
homologue,  the  benzoyl  radical,  was  expected  to  act  as  a  complete 
"block"  of  the  amino  group,  and  therefore  to  furnish  little  addi- 
tional evidence  or  information  in  this  respect  above  that  suppHed 
by  the  results  obtained  by  Magnu-s-Levy.  In  one  way,  however, 
it  seemed  to  oifer  a  new  and  interesting  clue  to  the  solution  of 
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the  mystery.     Benzoic  acid  combines  with  glycocoll  in  the  human 
o'ga'sm  a'  well  as  in  that  of  the  lower  an.mals  and  is  exc.-eted 
Tthe  urine  of  both  as  hippuric  acid.     Phenylacetic  acid,  howeyer 
combines  in  the  human  body  with  the  longer  chamed  ammo-acid 
Zamino   and  is  excreted  as  phenylacetyl  glutamine  or  phenyl- 
acet"  Utamine  urea,  but  in  the  bodies  of  the  lower  animals  i 
Sply  combines  with  glycocoll  and  appears  m  the  unne   a 
prenaceturic  acid.     It  seemed  that  this  phenylacetyl  glutamine 
fn  thrbrute  organism  might  possibly  be  an  ^^^^^-^^^^ItZtl 
in  the  detoxication  of  phenylacetic  acid,  which  P'^^^uct       then 
subiected  to  further  decomposition  before  elimination,  with  the 
ormation  of  phenaceturic  acid.     In  other  words,  ^^^^^^f^^ 
of  three  carbon  atoms  from  the  glutamine  molecule  would  resul 
in  the  production  of  glycocoll.     This  idea  was  further  strengthened 
bv  the  fact  which  was  found  later  that  glutamine  as  well  as  glyco- 
Itn  t^ade  synthetically  by  the  human  body  at  the^  expense 
of  nitrogen  which  otherwise  would  have  appeared  m  the  uiea 
hact^ion  (7).     Thus  a  man  placed  on  a  carbohydrate  diet  and 
educed  to  a  condition  of  endogenous  protein  catabohsm  was  fed 
phenylacetic  acid.     It  was  found  that  his  urea  nitrogen  di-opped 
h'm  about  75  to  28  per  cent  of  the  total  nitrogen      After  feedmg 
benzoic  acid  much  the  same  thing  occurred.     The  drop  m  ui.a 
nitrogen  in  the  latter  case,  though  not  so  marked,  was  still  sufh- 
ci  nt  (from  about  7.5  to  about  50  per  cent  of  the  total  ^^^ro gen) 
o  show  that  a  substantial  part  of  the  urea  nitrogen  had  been  used 
for  the  synthesis  of  glycocoll.     It  is  particularly  inter^^^mg  *« 
note  here  that  benzoic  acid  and  phenylacetic  acid  may  be  detoxi- 
cated  simultaneously  as  easily  as  either  of  the  two  ^^^fy'^J^ 
other  words,  both  glycocoll  and  glutamine  can  be  made  by  the 
body  simultaneously  as  easily  as  when  but  one  ^^^  demanded 

Phenylacetic  acid  (8)  hke  benzoic  acid  (9)  is  detoxicated  in  the 
organism  of  the  fowl  by  a  combination  of  2  molecules  of  the  acid 
with  1  molecule  of  ornithine.  The  analogy  between  the  two  com- 
pounds, glutamine  and  ornithine,  is  too  striking  to  need  further 

'°  We  wished  especially  to  determine  the  physiological  behavior 
of  these  detoxication  products  of  phenylacetic  acid  m  organisms 
other  than  those  in  which  the  original  detoxication  occurred,  for 
it  seemed  that  these  products  would  either  be  remodelled  into  the 
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detoxication  product  of  phenylacotic  acid  common  to  that  species 
of  animal  or  be  still  further  changed  chemically  in  order  to  reduce 
the  toxicity  and  facilitate  the  rapid  elimination  of  the  resulting 
substance  in  the  urine.  Phenylacctyl  glutamine  was  therefore 
prepared  and  fed  as  well  as  injected  into  dogs,  cats,  and  chickens. 
Phenylacetyl  ornithine  (phenacetornithuric  acid)  was  prepared 
and  fed  to  dogs  and  to  human  beings;  and  phenylacetyl  glycocoll 
(phenaceturic  acid)  was  prepared  and  fed  to  human  beings  as 
well  as  to  chickens. 
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Nearly  every  protein  has  yielded  on  hydrolysis  certain  quanti- 
ties of  glutamic  acid  and  with  this  an  amount  of  ammonium  salts 
proportionate  to  the  glutamic  acid.  Accordingly,  the  inference 
has  been  drawn  that  glutamic  acid  exists  in  the  protein  molecule 
in  the  form  of  the  amide,  sd.  as  glutamine,  which  has  been  known 
for  some  time  to  exist  in  plant  proteins.  We,  therefore,  prepared 
phenylacetyl  glutamic  acid  both  from  phenylacetyl  glutamine  as 
well  as  by  the  Schotten  and  Baumann  synthesis  from  phenylacetyl 
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human  be,„B»  m  "<'«  «°  f  f  J^  ^,„  „[ter  the  ingestion  ot 
glutamme  found  m    he  unne  Ma  ^^^^^^  ^^^^^^ 

phenylacetic  acd  could  be  '^  »«°'  J  '  ,  ,  ,„tj„ic  acid 
phenylacstyl  glutanuc  acd.  Jj^^^f  ^"pt^Lcetyl  deriva- 
.as  also  ted  to  rabbit,  and  to  **»'■'«  'j  i J„ei„e  were  ted 
tives  of  -P^''-^  J^r  'u°,„:^he t;  To  d  °.«™ine  what  effect 
rh^'^-tre^ardi^rre  forlti„n  »,  the  detoxicatlon 

-israrurr:::f::=sS^:ti:^^^^ 

J^e  substances  w^te  ^-.-^r  ar.stSinl  t 
Strnste  IttnTthe  sodlun,  salt  was  fed  by  .eans^.  a 
stomach  tube  and  «ttdte%::  ICLuo^msaH  wL 
*'  'tdtTdSreTin  sot  «  c  s™t  lltio^      When  the  lower 

sr:"  t:;;;.d » subjects  of  .^^^^^^^^ 

"■°t  "S  u"n;  ::   then'SleS  Zl  suable  penod  of  thne 
T24  IrSbrnrsTdepending  upon  the  amount  of  the  ma  enal 

?S  :^%:;rrte-xrar:s^^^^ 

ruitSrsolyent  (-----  xtLXli^err 
of  the  phenylacetyl  glutamine,  from  the  ethyl  acetate 

r;er;irs".rdeps^^^^^ 
»r^oSrs:£r::':rrch^::dr;by  the  .eat 

<Uffic:ity  o,  sepatatmg  the  urine  from  *«  '»- J^\»  ^;i^'ZZ 

^''f„Tre'ti'mrTh:'Zt':sLrrcrnrL..riai 

Ttl   age  wa°  "md  tl  be  a  stiff  wire  net  of  about  I  mch  mesh. 
TMfrilHd  free  passage  of  the  urine  and  the  '--  -^/,^:7«; 
able  drawer  in  the  bottom  of  the  cage.    The  feces  and  the  ur me 
terethT  collected  together,  dried  in  a  current  of  ™rm  an  .  . 
Ic^sar^  then  m.xed  in  a  flask  wr.h  five  to  ten  t.mes  the,,  wcght 
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of  alcohol.     The  flask,  with  frequent  shaking,  was  then  allowed 
to  stand  for  at  least  about  40  hours.     After  this  time  the  contents 
were  filtered  and  the  alcoholic  solution  was  evaporated  to  dryness 
in  vacxw  or  in  a  current  of  warm  air.     The  residue  was  then  ex- 
tracted with  a  small  volume  of  ether  to  get  rid  of  the  fats  which 
are  ever  present  in  the  alcoholic  extract.     The  mass  was  next 
taken  up  with  a  small  amount  of  water,  acidified  to  Congo  red 
with  dilute  hydrochloric  acid,  and  extracted  repeatedly  with  the 
organic  solvent  which  was  known  to  be  suitable  for  the  suspected 
compound  (ether  or  ethyl  acetate  was  generally  used)      In  the 
preparation  of  the  dibenzoyl  ornithine  (ornithuric  acid)  it  was 
found  most  profitable  simply  to  place  the  ether  extract  in  the  ice 
box  for  from  1  to  3  weeks  and  wait  until  the  substance  crvstallized 
out      In  the  preparation  of  the  diphenylacetyl  ornithine,  however 
we  found  that  the  process  might  be  hastened  bv  evaporating  the 
ether  solution  to  dryness,  then  taking  the  residue  up  in  alcohol 
(m  which  the  material  is  very  soluble),  and  gradually  diluting  the 
alcoholic  solution  with  water.     The  phenacetornithuric  acid  is 
thus  forced  out  of  solution  in  the  form  of  needles  when  the  dilu- 
tion is  made  carefully,  and  as  an  amorphous  powder  when  the 
water  is  added  in  too  large  amounts. 

EXPERIMENTAL. 

1.  Phenylacetyl  Glycocoll. 

Phenylacetyl  glycocoll  (phenaceturic  acid)  was  prepared  ac- 
cording to  the  Schotten  and  Baumann  reaction  by  adding  to  a 
glycocoll  solution  small  portions  (about  f  cc.)  of  phenvlacetyl 
chloride  together  with  sufficient  sodium  hydroxide  to  keep  the 
mixture  famtly  alkaline.  In  the  meantime  the  container  was 
constantly  shaken.  The  best  results  were  obtained  when  not  less 
than  2  molecules  of  the  acid  chloride  were  used  for  each  molecule 
of  glycocoll.  After  all  the  acid  chloride  was  added  the  material 
was  acidified  to  Congo  red  with  dilute  hydrochloric  acid  and 
extracted  three  times  with  ether  to  remove  the  phenylacetic  acid 
which  was  formed  during  the  operation.  The  phenaceturic  acid 
was  usually  present  then  as  a  flocculent,  white  precipitate.  This 
was  then  filtered  and  recrystallized  three  times  from  hot  water 
after  which  it  was  found  to  be  relativelv  pure.     It  melted  at  142- 
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143°C  ,  and  according  to  the  Kjeklahl  method  contained  7.18  per 
cent  nitrogen  instead  of  the  theoretical  7.25  per  cent. 

The  substance  was  weighed  out  in  5  gm.  doses  and  dissolved 
in  hot  water.     Sodium  hydroxide  was  then  added  until  neut  ahty 
was  reached.     The  solution  of  the  sodium  salt  thus  formed  was 
drunk  by  a  man  of  65  kilos  body  weight  who  was  chosen  as  the 
subject  of  experimentation.     The  material  had  -<^  V^l^^f^^J 
bad  taste  and  proved  to  be  entirely  non-toxic.     In  ^^ct  is  tox- 
icity was  so  low  that  2  days  later  the  same  subject  mgested  10  gm. 
in  the  course  of  24  hours  (5  gm.  in  the  morning  and  5  gm.  m  the 
afternoon  of  the  same  day).     After  a  dose  of  5  gm.,  3.'2  gm_  ot 
the  phenaceturic  acid  were  recovered  from  the  urme,  and  a  ter 
a  dose  of  10  gm.,  7.62  gm.  were  found  in  the  urme.     Iso  free 
phenylacetic  acid  could  be  found  nor  any  conjugation  product  of 
the  same  other  than  the  glycocoU  compound. 

A  hen  weighing  1.75  kilos  was  fed  on  3  consecutive  days  O.o  gm., 
1  em  and  2  gm.,  respectively,  of  phenaceturic  acid  as  a  solution 
of  the  sodium  salt  by  means  of  a  stomach  tube.  No  signs  of  in- 
toxication appeared.  The  excreta  were  treated  accordmg  to  he 
general  plan  described  above.  Of  the  3.5  gm.  fed,  2.b  gm.  of  the 
material  were  recovered  unchanged,  but  no  trace  of  a  compound 
of  ornithine  with  phenylacetic  acid  could  be  found. 

2.  Diphenylacetyl  Ornithine  {Phenacetornithuric  Acid) . 

This  substance  was  obtained  according  to  the  method  of  Totani 
(9)  from  the  excreta  of  hens  after  they  had  been  fed  phenylacetic 
acid.     The  material,  though  somewhat  more  easily  prepared  than 
its  homologue,  dibenzoyl  ornithine  (8),  required  severa  weeks  to 
obtain    enough   for  feeding  experiments.     In  our  work    10)  we 
have  since  found  that  the  easiest  way  to  prepare  either  the  ben- 
zoyl or  the  phenvlacetyl  derivative  of  ornithine  is  to  place  the 
chickens  on  a  carbohydrate  diet  for  a  short  time  and  feed  them 
1  or  2  gm.  of  benzoic  acid  or  phenylacetic  acid  per  day.     ^ot 
only  are  the  hens  able  to  build  the  ornithine  compound  very  well 
on  a  non-protein  diet,  contrary  to  the  statements  found  m  the 
literature,  but  the  feces  under  these  conditions  are  reduced  to  a 
minimum  and  the  quantity  of  urine  is  increased. 

1  gm.  of  the  diphenvlacetyl  ornithine,  in  the  form  of  a  solution 
of  the  sodium  salt,  was  fed  to  a  small  dog  of  2.7  kilos  body  weight. 
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In  the  urine  was  found  a  small  amount  of  phenaceturic  acid. 
No  phenylaeetyl  ornithine,  however,  could  be  recovered,  prob- 
ably due,  in  part  at  least,  to  both  the  small  amount  of  the  material 
ingested  as  compared  with  the  large  amount  of  solid  matter  in 
the  urine,  as  well  as  to  the  extreme  solubility  of  the  sodium  salt 
of  the  phenacetornithuric  acid.  It  seemed  quite  probable, 
moreover,  that  the  formation  of  the  phenaceturic  acid  in  the 
organism  of  the  dog  was  not  due  to  the  metabolic  alteration  of  the 
ornithine  into  glycocoll,  but  rather  to  the  splitting  of  the  quite 
unstable  ornithine  compound  into  phenylacetic  acid  and  ornithine, 
followed  by  a  conjugation  of  the  phenylacetic  acid  with  glycocoll. 
Accordingly,  1  gm.  of  the  phenacetornithuric  acid  was  converted 
into  the  sodium  salt,  dissolved  in  isotonic  salt  solution,  and  in- 
jected subcutaneously  into  a  rabbit.  From  the  urine  of  the 
rabbit  we  were  able  to  recover  about  0.2  gm.  of  phenylaeetyl 
ornithine.  Not  a  trace,  however,  of  the  phenaceturic  acid  could 
be  found.  Apparently,  therefore,  when  the  compound  was  not 
subjected  to  the  digestive  processes  of  the  gastrointestinal  tract, 
there  was  no  hydrolysis  of  the  material  into  its  components  and 
consequently  no  alteration  of  the  compound  in  the  processes  of 
metabohsm. 

A  man  ingested  two  doses  of  2  gm.  each  of  phenacetornithuric 
acid,  only  the  lack  of  material  limiting  the  size  of  the  dose,  for  the 
substance  proved  to  be  utterly  non-toxic.  After  the  first  ingestion 
of  2  gm.  the  urine  was  collected  for  a  period  of  12  hours  only, 
evaporated  to  a  thick  syrup,  acidified,  and  extracted  for  2  hours 
with  absolute  ethyl  acetate.  No  crystals  of  phenylaeetyl  glu- 
tamine  appeared  on  cooling  nor  on  concentration  of  the  extract. 
It  is  safe  to  say,  therefore,  that  no  phenylacetjd  glutamine  was 
formed.  After  the  ethyl  acetate  had  been  evaporated  to  drjmess 
and  the  residue  had  been  dissolved  in  a  large  volume  of  ether  and 
allowed  to  stand  in  the  cold  for  some  time,  a  very  small  amount 
of  phenacetornithuric  acid  (0.1  gm.)  crystaUized  out.  After  a 
dose  of  2  gm.  of  the  phenacetornithuric  acid  with  a  subsequent 
24  hour  collection  of  urine,  neither  phenylaeetyl  glutamine  nor 
phenylaeetyl  ornithine  could  be  obtained  from  the  evaporated 
urine.  It  is  safe  to  say,  however,  that  the  failure  to  obtain  the 
latter  was  due  to  the  large  amount  of  solid  matter  in  the  residue 
after  so  long  a  urine  collection. 
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S.  Phenylaceiyl  Glutamine. 
This  substance  was  prepared    according  to  the  method  of 
Thierfelder  and  Sherwin  (11).     A  man  of  62.5  kilos  body  weight 
tested  5  gm.  of  phenylacetic  acid  on  each  of  3  consecutive  days^ 
Th   uL  was  evaporated  to  a  thick  syrup,  acidified,  and  extracted 
Ifth  ethjl  acetate      From  the  ethyl  acetate  extract  was  obtained 
r  mixture  of  phenylacetyl  glutamine  and  phenylacety    glutamme 
ui-r   The  mixture  of  the  two  substances  was  then  taken  up  m  a 
:  1;  J'solution  of  barium  hydroxide  and  allowed  to  staled    or 
.  number  of  hours.     In  this  way  the  urea  was  split  off  from  the 
phenylacetyl  glutamine  and  the  barium  salt  of  the  latter  formed^ 
Mei  standing  in  the  ice  box  for  about  12  hours  this  solution 
wlrti^ated  with  carbon  dioxide  to  remove  the  excess  barium. 
The  nelai  solution  was  then  evaporated  to  dryness  rn  vacuo 
the  residue  extracted  with  hot  absolute  alcohol  to  remove  the 
urea     he  barium  salt  of  the  phenylacetyl  glutamine  dissolved 
•nasmlu  amount  of  water  and  acidified  with  sul  uric  acid  to 
remove  the  barium  as  barium  sulfate,  the  water  solution  of  the 
ph":;iacetyl  glutamine  extracted  -thabsouteethy    acetate 

and  the  pure  phenylacetyl  gl^t^^^^f  *^;"^^-  ,^^^;VhtfeX- 
nound  was  identical  with  that  originally  obtamed  by  Thieifeldei 
!nd  Sherwin  is  shown  by  its  constants.  After  drying  ^n  vacuo 
TlO^C.  the  substance  melted  at  101-104°C.,  and  accordmg  to 
the  Kjeldahl  method  contained  10.49  per  cent  nitrogen  instead  of 
the  tieoretical  10.69  per  cent.     The  substance  was  also  levo- 

'°pienylacetyl  glutamine  was  fed  to  a  dog  in  3  gm.  doses  as  a 
solution'of  the  sodium  salt.     A  dog  of  15  kilos  body  weight  thu 
received  two  3  gm.  doses  at  12  hour  intervals.     The  uiine  was 
CO  lelted  for  24  hours  after  the  last  dose,  and  from  it  we  obtained 
2  gm     f  phenylacetyl  glutamine  and  0.4  gm.  of  f  en-eturic  acid^ 
In  order  to  avoid  a  splitting  of  the  phenylacetyl  glutamme  m  the 
iast  dntestinal  tract,  the  substance  was  next  injected  subcutane- 
ouS  in     gm-  doses  ks  the  sodium  salt  in  isotonic  salt  solution  at 
lou;  intervals  until  4  gm.  in  all  had  been  admimste^d      From 
the  subsequent  urine  we  recovered  2.1  gm.  of  phenylacetyl  gluta 
mfne  (M  P  99-102°C.),  but  found  no  trace  of  phenaceturic  acid. 
Phenylacetyl  glutamine  was  fed  to  a  hen  in  1  gm.  doses  as  a 
solutio/of  the  sodium  salt.     The  hen  received  m  this  way  3  gm. 
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of  the  substance  in  the  course  of  2  days.  The  excreta  were 
collected,  dried,  extracted  with  alcohol,  the  alcoholic  solution  was 
evaporated  to  dryness  in  vacuo,  taken  up  with  water,  acidified  to 
Congo  red  with  dilute  hydrochloric  acid,  and  extracted  with 
ethyl  acetate  to  remove  the  phenylacetyl  glutamine.  After  the 
separation  of  the  phenylacetyl  glutamine  from  the  ethyl  acetate, 
the  latter  was  evaporated  to  dryness  in  vacuo  and  the  residue 
extracted  repeatedly  with  ether  to  remove  anv  diphenylacetyl 
ornithine.  After  the  feeding  of  the  3  gm.  to  the  hen,  only  0^6 
gm.  of  the  original  phenylacetyl  glutamine  was  recovered,  but  no 
diphenylacetyl  ornithine  could  be  found. 

4-  Phenylacetyl  d-Glutamic  Acid. 

This  material  was  prepared  according  to  the  method  of  Schotten 
and  Baumann  by  shaking  phenylacetyl  chloride  in  excess  with  a 
weakly  alkaline  solution  of  c?-glutamic  acid  (M.P.  203°C.).  The 
same  compound  was  also  prepared  from  phenylacetyl  rf-glutamine 
by  boiling  the  latter  with  a  saturated  solution  of  barium  hydrox- 
ide under  a  reflux  condenser  until  there  were  no  more  fumes  of 
ammonia  evolved.  As  this  compound  of  phenvlacetic  acid  is  a 
thick  syrup  which  can  be  crystallized  only  with  great  difficulty, 
Its  water  solution  was  employed  in  all  the  feeding  experiments. 

A  human  being  ingested  5  gm.  of  the  substance;  1.5  gm.  were 
fed  to  a  chicken,  and  2  gm.  to  a  rabbit.  From  the  urine  of  the 
human  being  3.2  gm.  of  the  compound  were  isolated  unchanged. 
From  the  excreta  of  the  hen  0.45  gm.  of  the  original  substance  was 
obtained,  and  1.1  gm.  of  it  were  recovered  from  the  urine  of 
the  rabbit.  In  no  case,  however,  was  any  other  phenylacetic 
acid  conjugate  obtainable. 

5.  Phenylacetyl  Asparagine. 

This  compound  was  prepared,  like  the  preceding  ones,  according 
to  the  Schotten  and  Baumann  process.  It  crystallizes  easily, 
although  the  yield  is  very  poor.  It  was  identical  with  the  sub- 
stance previously  prepared  (12)  as  shown  by  the  melting  point  of 
ISO-lsrC.  after  drying  at  80°C.  in  vacuo.  It  contained  accord- 
mg  to  the  Kjeldahl  method  11.09  per  cent  nitrogen  instead  of  the 
theoretical  11.20  per  cent. 


G.  J.  Shiple  and  C.  P.  Shenvin  473 

Phenvlacetyl  asparagine  is  apparently  somewhat  more  toxic 
thL  thf  cSr  phLlacetyl  derivatives  of  the  ammo-^^^^^^^^^^^  A 
man  of  62  kilos  body  weight  mgested  b  gm.  of  the^f  ^*^°?^  '° 
2  tm  doses  at  24  hour  intervals.  Each  dose  was  fo  lowed  by  a 
gene^;.l  feelg  of  depression  and  later  by  severe  frontal  headaches. 
From  the  urine  3.8  gm.  of  the  n-terial  were  recovered_unchanged 
After  feeding  1  gm.  of  the  compound  to  a  hen  m  ()2o  gm.  doses, 
a2  gm  :!  it  wa?  recovered  unchanged,  and  aftex  the^adnjmis^r- 
ing  of  1  gm.  to  a  rabbit  in  the  same  manner,  0.6  gm.  of  it  ^Nas 
recovered  from  the  urine. 

6.  Phenylacetijl  Alanine. 
This  compound,   which  had  never  been  studied  before,  was 
synthesized  as  follows:  10  gm.  ^^  rfl  ^"'^  ^Z^^:^ 
in  50  cc   of  water  and  shaken  with  about  50  gm.  of  phenjlacetj 
chlorid  ■  (3  molecules  of  phenylacetyl  chlonde  to  1  -olecule  o^ 
alan  ne)      The  acid  chloride  was  added  m  small  amounts  with 
:  ntlmious  shaking.     Sodium  hydroxide  solution  -  ^dded  in 
nuantities   iust   sufficient   to   keep   the    mixture   alkaline      it^e 
Ttlre  process  lasted  about  2  hours.     During  the  operation  it 
irLc'esTary  to  stop  occasionaUy  and  cool  ^^^^^^^^^ 
water  to  remove  the  heat  of  reaction.     After  the  last  of  the  acid 
Thloride  had  been  added,  the  contents  of  ^^^^^^^^J^^^ 
ferred  to  a  1  liter  separatory  funnel  and  acidified  to  Congo    ed 
wh  dilute  sulfuric  acid.     There  appeared  at  once  a  hea^^.  mi  ky 
mass  of  solid  material.     The  mixture  was  then  ^^^  acted  seveial 
times  with  benzene  to  remove  the  phenylacetic  acid  which  had 
fo^ed  during  the  reaction.     The  white  -bsta^e  w^^^^^^^^^ 
after  the  extraction  with  benzene,  proved  by  analysis  (see  below; 
to  be  phenvlacetyl  alanine.     The  yield  from  10  gm.  of  alanine 
was  about  70  per'cent  (16  gm.).     The  compound  is  ^^-^^^^ 
7n  cold  water  and  very  soluble  in  hot  water.     From  the  watei 
olittn  it  crystalUzes'in  snow-white,  feathery  clusters    which 
whe     dried  at  80°C.  melt  at  150-152°C.     It  is  quite  soluble  m 
ethe     ethyl  acetate,  alcohol,  carbon  tetrachloride,  and  /.of  ben- 
zene     In  the  form  of  a  saturated  water  solution  the  maten^ 
was  op  ically  inactive.     The  sodium  salt,  which  -very  soluble 
Twater,  was  found  to  be  also  optically  inactive.     When  dried  at 
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80°C.  in  vacuo,  the  compound  showed  the  following  analytical 
results: 

Analysis  of  Phenylacelyl  Alanine. 


Calculated. 

Found. 

c 

per  ceiit 

63.78 
6.33 

23.17 
6.76 

per  cent 

H 

63.77 
6.34 

0 

N 

23.07 

6.34 

To  form  the  barium  salt  of  the  phenylacetyl  alanine,  0.75  gm. 
of  the  substance  was  dissolved  in  a  cold,  saturated  solution  of 
baruun  hydroxide.  Carbon  dioxide  was  then  passed  through  the 
solution  to  remove  the  excess  barium.  The  barium  salt  was  found 
to  be  extremely  soluble  in  cold  water,  in  fact,  so  soluble  that  it 
refused  to  crystallize  even  after  the  solution  had  been  evaporated 
to  a  thick  syrup. 

In  order  to  split  the  inactive  material  into  its  optically  active 
isomers,  compounds  of  the  phenylacetyl  alanine  with  brucine, 
strychnme,  quinine,  and  cinchonine  were  formed,  but  all  of  them 
were  so  extremely  soluble  that  it  was  impossible  to  obtain  any  of 
them  in  the  crystalline  form. 

We  fed  3  gm.  of  the  phenylacetyl  alanine  in  the  form  of  a  water 
solution  of  the  sodium  salt  to  a  small  dog.  The  material  was 
apparently  physiologicaUy  inactive  for  the  animal  ate  and  drank 
as  usual  immediately  after  the  feeding.  The  24  hour  collection 
of  urine  was  evaporated  to  a  thick  syrup.  Upon  acidification  it 
became  almost  solid  due  to  the  separation  of  the  phenylacetyl 
alanine.  The  material  was  then  transferred  to  a  separatory 
funnel,  extracted  twice  with  ethyl  acetate,  the  ethvl  acetate  evap- 
orated to  dryness,  and  the  residue  taken  up  with  water  from 
which  it  was  recrystallized.  The  crystals  thus  obtained  melted 
sharply  at  151-153°C.,  showing  that  the  phenylacetyl  alanine 
had  passed  through  the  organism  unchanged,  and  this  almost 
quantitatively,  for  of  the  original  3  gm.  that  had  been  fed  2.75  gm. 
were  recovered. 

A  hen  was  fed  3  gm.  of  phenylacetyl  alanine  in  1  gm.  doses  on 
3  consecutive  days.     The  material  was  found  to  be  entirely  non- 
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recoveiea,  du  „, ,  g,ance  which  was  isolated  melted  at  148- 

i;°r\  hu  Jat  b  iiX  ingestta,  4  „„.  o.  the  phe„*ce,y 
lw„;  .Sliced  no  ill  effect.,.    From  the  un„e  .bo«  2.5  gm.  of 
the  material  could  be  recovered. 

7    Phenylacetyl  dl-Leucine. 

Ebblf^:rt-rr:fno^^^^^^^^^^^^ 

end  oHhis  time  the  contents  of  the  bottle  were  poure.!  into  a  500 
Ml  V  funnel  and  acidified  to  Congo  red  with  dilute  sul- 
?:ric  a    d      TlXon  a  mass  of  white  material  was  thrown  ou 
oTsolutl      The  acidified  mixture  was  extracted  several  times 
lltlln  tetrachloride  to  remove  the  ^-  Phenylac^^^^^^^^^ 
The  white,  flocculent  material  remaining  wa.  then  h  tered  Dy 
Juction  and  recrystalh.ed  several  thnes  from  wa  -•     ^en  did 
nt  80°C  in  vacuo  for  several  hours  it  melted  at  133-134  U     Anal 
vsif  (see  below)  proved  it  to  be  phenylacetyl  leucine.     The  com- 
poundTs  a  white  material,  crystallizing  from  ^^t  water  inbeauti 
M   feathery  clusters.     It  is  very  soluble  m  alcohol,  ether   ethyl 
acetate    and  acetone;  moderately  soluble  in  benzene;  shghtly 
so  ub  eii   cold  water;  but  much  more  easily  m  hot  vvatei-^    It  is 
us     about    absolutely    insoluble    in    carbon    tetrachloride    and 
netroleum  ether.     The  yield  of  this  and  similar  syntheses  was 
Cbl  55  per  cent'^of  the  theoretical     On  ana  ysis    ^^ter 
drying  zn  vacuo  at  80°C.,  the  following  results  were  obtained. 


C 
H 
O 

N 


Analysis  uj  i  ,„,-,„s,~^-— 

Calculated. 

Found. 

per  cent 

67.44 

7.68 

19.26 

per  c€7tt 

67.49 

7.80 

18.99 

r                  

5.62 

5.72 
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The  sodiiini,  potassium,  and  ammonium  salts  of  this  com- 
pound arc  too  soluble  to  be  obtained  in  the  crystalline  form. 
The  barium  salt  is  soluble  in  25  parts  of  water  and  crystallizes  in 
regular  and  well  defined  bundles  of  needles. 

The  physiological  behavior  of  the  phenylacetyl  leucine  was 
much  the  same  as  that  of  the  other  phenylacetylated  amino- 
acids.  It  was  injected  intravenously  into  a  rabbit  in  a  dose  as 
large  as  1  gm.  without  evident  physiological  effects.  The  original 
phenylacetyl  leucine  was  recovered  afterwards  from  the  urine 
in  an  amount  which  was  about  65  per  cent  of  the  quantity  injected. 
When  1  gm.  of  the  phenylacetyl  leucine  was  fed  to  a  chicken, 
the  same  results  were  obtained,  for  from  the  excreta  0.67  gm.  of 
the  substance  was  recovered.  A  dose  of  4  gm.  was  taken  by  a 
man  without  causing  discomfort.  From  the  evaporated  urine 
2.27  gm.  of  the  original  material  were  isolated.  Apparently  it 
had  gone  through  the  organism  as  the  very  soluble  sodium  salt. 

DISCUSSION. 

The  amino  group  of  the  a-amino-acids  is  "blocked"  as  effectively 
by  the  phenylacetyl  radical  as  by  the  benzoyl  radical.  In  only 
one  instance  was  there  an  apparent  chemical  reaction  involving 
one  of  the  phenylacetylated  amino-acids;  namely,  when  diphenyl- 
acetyl  ornithine  was  fed  to  a  dog.  Here  there  was  evidently  an 
hydrolysis  of  the  compound  in  the  gastrointestinal  tract  into 
phenylacetic  acid  and  ornithine,  for  there  was  found  a  small 
amount  of  phenaceturic  acid  in  the  urine  after  the  feeding  but 
none  after  the  intravenous  injection  of  the  material. 

It  would  seem  that  there  is  no  support  to  the  still  extant  theory 
concerning  the  partial  oxidation  of  benzoylated  amino-acids  into 
hippuric  acid,  nor  is  there  any  reason  to  beheve  that  the  amino- 
acid  can  enter  into  chemical  reaction  of  any  kind  so  long  as  one 
of  the  hydrogen  atoms  of  the  amino  group  is  replaced  by  some 
other  radical  or  element. 

At  the  present  time  all  the  evidence  seems  to  indicate  that 
certain  amino-acids,  namely  glycocoll,  glutamine,  ornithine,  and 
perhaps  even  cystine,  can  be  built  by  the  animal  organism  when 
the  subject  is  in  a  condition  of  endogenous  protein  catabolism, 
that  is,  when  every  avenue  to  outside  protein  material  or  nitrogen 
of  every  kind  is  closed.     Furthermore,  we  know  that  the  nitrogen 
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for  the  amino  ^roup  is  obtained  from  that  portion  of  nitrogen 
which  would  otherwise  appear  in  the  urea  fraction.     Th^  P'^^ 
lem  still  confronts  us,  however,  as  to  the  manner  m  which    he 
amino-acids  are  cataboUzed  in  the  animal  organism.     Aie  all  the 
dSerent  amino-acids  normally  burned  completely  into  ammonia 
crbon  dioxide,  and  water,  and  is  the  glycocoll  then  resynthesized 
from  these  end-products,  or  is  glycocoll  a  -mmon  pvocUict  of  «^ 
intermediary  metabolism  of  all  of  these  amino-acids?     Thi.  latter 
eer  rather  improbable,  since  glutamine  which  contains  both 
anlino  and  an  amide  group  is  synthesized  as  easily  as  is  gl>jco- 
coll,   and   certainly  glutamine   cannot  be  considered  an  inter- 
mediary product  in  the  oxidation  of  any  except  a  very  few  of  the 

amino-acids  at  most.  i  i  u„  „rv 

It  seems  pecuhar,  to  say  the  least,  that  there  should  be  ap- 
parently three  entirely  different  detoxication  processes  going  on 
in  the  organisms  of  the  dog,  the  hen,  and  the  human  being  - 
spectively,  when  each  of  the  resulting  compounds  is  peifectlj 
harmless'when  taken  into  the  organism  of  t^e  other,  from  whch 
it  is  easily  and  rapidly  eliminated  by  way  of  the  unne.  At  the 
present  time  there  is  no  evident  explanation  of  this  apparent 
ncongruitv.     Further  investigation  of  this  matter  is  necessary. 

Bei'zeirer  (13)  has  suggested,  in  connection  with  the  detoxica- 
tion of  foreign    organic  compounds,   that  the  more  important 
chTnge  to  be'keptfn  mind  is  not  the  chemical  alteration  of     - 
toxic  substance,  but  rather  a  change  of  a  purely  physical  natu  e^ 
He  cites  several  cases  of  toxic  compounds  and  compare,  them 
with  their  respective  detoxication  products.     Invariably  he  finds 
that  there  is  decidedly  a  less  pronounced  lowering  of  the  suiface 
tension  of  the  solution  by  the  detoxication  product  than  b^  the 
to.xic  substance  itself.     This  effect  he  considers  to  be  tt^^      " 
aim  of  the  body  during  the  detoxication  process.     Thus  benzoic 
acid  lowers  the  surface  tension  of  the  solution  very  marked  >, 
while  hippuric  acid  produces  a  very  shght  effect  m  that  reg  rd 
Again,  menthol  causes  a  very  decided  lessening  of  t^e  -1^ 
tension,  while  the  glycuronic  acid  compound  -[^^'^^^'^^\'T 
much  kss  effect,  and  the  sodium  salt  of  the  latter  has  pract    ally 
no  such  effect  at  all.     Finally,  phenol  sulfuric  acid  has  only  aboiit 
one-tenth  the  reducing  effect  on  the  surface  tension  of  the  sokit ion 
as  has  phenol  itself.     This  may  be  the  explanation  of  the  phenom- 
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enoii,  it  is  true,  but  still  undiscovered  is  the  mechanism  of  the 
synthetic  method  by  which  these  amino-acids  are  prepared  in  the 
animal  body. 

SUMMARY. 

Phenylacetyl  derivatives  of  the  following  natural  amino-acids 
were  prepared:  glycocoll,  alanine,  leucine,  glutamine,  glutamic 
acid,  asparagine,  aspartic  acid,  and  ornithine.  Of  these  com- 
pounds, phenylacetyl  alanine  and  phenylacetyl  leucine  were 
studied  in  greater  detail  since  their  preparation  and  constants  had 
not  been  recorded  in  the  literature. 

All  the  above  substances  were  fed  to  or  injected  into  dogs, 
rabbits,  chickens,  and  human  beings.  In  every  case  results 
showed  that  when  the  amino  group  is  phenylacetylated,  com- 
plete or  even  partial  catabolism  of  the  amino-acid  is  prevented, 
thus  demonstrating  the  impossibility  of  the  formation  of  glycocoll 
from  a  more  complex  amino-acid  under  these  conditions. 

Most  pecuhar  and  interesting,  moreover,  is  the  fact  that  al- 
though different  species  detoxicate  phenylacetic  acid  according 
to  entirely  different  reactions  which  j-ield  completely  different 
compounds,  stOl  these  products  pass  unaltered  through  the 
organisms  of  animals  other  than  those  in  which  the  original  de- 
toxication  occurred. 
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THE  RELATION  BETWEEN  AGE  AND  THE  CONCENTRA- 
TIONS OF  PROTEIN  FRACTIONS  IN  THE  BLOOD 
OF  THE  CALF  AND  COW. 

By  PAUL  E.  HOWE. 
(^From  tkc  Departnunt  of  Ani.nal  Pathology  of  TkeRocMeller  Institute  for 
^  Medical  Research,  Princeton,  N.  J.) 

(Received  for  publication,  June  30,  1922.) 
The  marked  variations  in  the   quantities   of   certam  pxotein 
fractions  present  in  the  blood  of  tlie  new-born  ^^1^  (1' 2)  and  the 
iffe  ences  between  the  blood  of  young  calves  and  of    he  adult 
tw  ed  us  to  study  the  changes  which  occur  in  bo-ne  bloo^^^^^^^^^^ 
increasing  age.     For  this  purpose  we  have  ^  ^^^^^^  f^  ^^^^^^^^J 
three  calves  from  birth  to  an  age  of  approximately  2  to  3  montns 
Samples  of  blood  have  been  taken  from  other  anunals;  three  herfers 
eZths  old,  three  heifers  12  months  old  ^f  een  vu^^^^^e^  17  t 
22  months  old,  and  fourteen  pregnant  heifers  2.  y^^'^^  ?\'^     ^^^ 
heifers  17  to  22  months  old  were  about  to  be  bred  and  those  30 
^Iths  old  had  been  pregnant  about  3  months^    ^hese  ^^  ' 
tions  are  supplemented  by  analyses  of  the  blood  o   other  anima  s 
for  a  short  period  (2)  and  data  obtained  m  studies  m  another 

Tfle  halves  which  were  studied  continuously  one  (Cali  669) 
received  colostrum  of  a  high  protein  content  a  --^^  (Calf  ^ 
received  colostnmi  which  was  '^om^^'^t^^e^y  poor  rngM^^ 
and  a  third  (Calf  898)  did  not  receive  colostrum  but  was  ted 
orlary  who  e  milk  from  birth.  Blood  was  coUected  by  needle 
?rom  the  jugular  vein  and  when  plasma  was  obtained  coagulatu^n 
wa^prevented  by  sodium  citrate.  Blood  samples  were  taken  1 
Wafter  feeding.  The  calves  were  fed  ordmary  who  e  mi^ 
for  1  month  after  which  they  were  given  small  amounts  of  giam 

"  Determinations  were  made  of  total  nitrogen,  fibrin  or  fibrinogen 
nitrogen,  nitrogen  content  of  the  protein  precipitated  by  con 
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centrations  of  sodium  sulfate  of  14.2,  17.4,  and  21.5  per  cent, 
and  of  the  non-protein  nitrogen.  From  these  determinations 
values  were  calculated  for  fibrin,  euglohulin,  pseu'doglohulins  I 
and   II,   and   albumin,    according   to   the   procedures   previously 

T.VBI.E  I. 

Data  Relating  to  the  Variations  in  the  Blood  Proteins  of  Calf  898  Which 

Did  Not  Receive  Colostrum  soon  after  Birth.* 
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0.016 
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(0.070) 
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1 

0. 659 

0.602 

0.057 

0.008 

0.050 

0.144 

0.202 

0.330 

(0.070) 

2 

0.703 

0.604 
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0.002 

0,052 

0.139 

0.183 

0.351 

(0.070) 

3 

0.758 

0.636 

0.122 
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0.046 

0.159 

0.205 

0.361 

(0.070) 

4 

0.757 

0.594 

0.163 

0.045 

0.025 

0.120 

0.190 

0.3.59 

0.045 

6 

0.862 

0.656 

0.206 

0.047 

0.046 

0.157 

0.240 

0..379 

0.037 

8 

0.901 

0.668 

0.2.33 

0.008 

0.060 

0.126 

0.194 

0.437 

0.037 

14 

0.957 

0.763 

0.194 

0.023 

0.051 

0.124 

0.198 

0.511 

0.054 

20 

0.887 

0.759 

0.138 

0.029 

0.012 

0. 153 

0.194 

0.511 

0.054 

27 

0.854 

0.740 

0.114 

0.037 

0.049 

0.107 

0. 183 

0.516 

0.041 

34 

1.024 

0.804 

0.220 

0.04S 

0.069 

0.149 

0.260 

0.503 

0.041 

41 

0.977 

0.876 

0.101 

0.0.35 

0.120 

0.111 

0.266 

0.560 

0.050 

48 

0.974 

0.944 

0.030 

0.095 

0.101 

0.113 

0.309 

0.577 

0.058 

55 

0.961 

0.887 

0.074 

0.037 

0.132 

0.103 

0.272 

0.570 

0.045 

62 

0.998 

0.935 

0.063 

0.072 

0.113 

0.165 

0.350 

0.541 

0.045 

69 

0.895 

0.841 

0.054 

0.049 

0.095 

0.099 

0.243 

0.553 

0.045 

76 

0.891 

0.847 

0.054 

0.051 

0.099 

0.074 

0.224 

0.590 

0.033 

83 

0.875 

0.828 

0.047 

0.052 

0.104 

0.084 

0.240 

0.548 

0.040 

90 

0.918 

0.841 

0.077 

0.063 

0.100 

0.088 

0.261 

0.544 

0.036 

97 

0.959 

0.862 

0.097 

0.066 

O.OSS 

0.136 

0.290 

0.532 

0.040 

111 

0.981    0.908| 

0.073 

0.049 

0.114 

0.124 

0.287 

0.573 

0.048 

*  Results  are  expressed  as  grams  of  nitrogen  in  100  cc.  of  blood  plasma 
or  serum. 

outlined  (3).  The  data  are  contained  in  Tables  I  to  VI  and 
Chart  1.  The  relation  between  the  corpuscles  and  plasma  was 
determined  by  measuring  the  volume  of  each  after  centrifuging 
at  a  constant  speed.  The  average  proportions  of  corpuscles  and 
plasma  for  Calves  898  and  899  were  38  to  62  and  44  to  55,  respec- 
tively.    These  relations  held  throughout  the  experiment. 
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In  the  chart  the  data  from  each  of  the  calves  (Calves  669 
HQQ   898)      avVbeen  plotted  for  each  of  the  blood  constituents 
Sttatel  with  1  exception  of  the  total  plasma  nitrogen  and 
S  nfn-protin  nitrogen.     In  place  of  the  total  plasma  mtrogen, 

TABLE  11. 

Data  Relatin,  to  lU  Variations  in  tKe  Blooi  Prot^s  of  Calf  899  Wkich 
Received  Colostrum  Relatively  Low  in  Globului^ 


-^^^s  are  express^^^T^^^i^^^^^i^;^^^  100  cc.  of  blood  plasma 
or  serum. 

values  for  serum  nitrogen  obtained  from  the  analysis  of  the  fil- 
totes  from  the  precipitation  of  fibrin  or  fibrinogen  have  been 
recorded.  These  results  were  taken  for  companson  because  the 
fibrinogen  of  blood  appears  to  vary  somewhat  independently  of 

the  other  blood  constituents. 

iData  relating  to  the  absorption  and  disappearance  of  agglutinins  of 

Calf  669  have  been  presented  in  another  connection  (4). 
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From  an  inspection  of  the  tables  and  of  the  chart  the  following 
points  are  evident: 

Serum  Nitrogen.— Dur'mg  the  first  weeks  of  life  the  quantity 
of  serum  nitrogen  present  in  the  blood  of  young  calves  depends 

TABLE  III. 

Data  Relating  to  the   Variatio7is  in  the  Blood  Proteins  of  Calf  669  Which 

Received  Colostrum  Relatively  High  in  Globulin* 
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New-born. 

0.768 

0.039 

0.051 

0.175 

0.265 

0.422 

(0.081) 

2hrs.40mins. 

0.768 

0.000 

0.128 

0.177 

0.282 

0.405 

(0.081) 

5   "    40     " 

0.960 

0.133 

0.264 

0.162 

0.559 

0.319 

0.081 

19   "    40     " 

1.126 

0.307 

0.333 

0.158 

0.798 

0.290 

0.038 

days 

3 

1.160 

0.298 

0.320 

0.133 

0.751 

0.358 

0.051 

13 

1.186 

0.299 

0.141 

0.111 

0.551 

0.558 

0.077 

21 

1.071 

0.239 

0.128 

0.073 

0.440 

0.597 

0.034 

31 

0.972 

0.064 

0.174 

0.069 

0.307 

0.622 

0.043 

41 

1.005 

0.045 

0.196 

0.071 

0.312 

0.667 

0.026 

50 

0.994 

0.062 

0.115 

0.115 

0.294 

0.666 

0.034 

57 

0.959 

0.051 

0.098 

0.102 

0.251 

0.661 

0.047 

65 

0.937 

O.033 

0.189 

0.077 

0.289 

0.601 

0.047 

71 

0.948 

■^.082 

0.120 

0.098 

0.289 

0.616 

0.043 

78 

0.917 

0.030 

0.106 

0.107 

0.233 

0.653 

0.021 

85 

0.937 

0.042 

0.058 

0.087 

0.187 

0.713 

0.037 

92 

0.931 

0.036 

0.111 

0.085 

0.232 

0.658 

0.041 

106 

1.032 

0.071 

0.093 

0.173 

0.337 

0.646 

0.049 

113 

0.959 

0.072 

0.091 

0.153 

0.319 

0.584 

0.049 

118 

1.038 

0.081 

0.114 

0.113 

0.308 

0.681 

0.049 

*  Results  are  expressed  as  grams  of  nitrogen  in  100  cc.  of  blood  plasma 
or  serum. 

upon  the  quantitative  nature  of  the  diet  just  after  birth.  If  the 
calf  does  not  receive  colostnun  but  is  fed  ordinary  milk  the  serum 
nitrogen  increases  gradually  for  about  6  weeks.  This  increase  is 
due,  essentially,  to  the  increase  in  albumin.  In  case  colostrum 
has  been  ingested  the  serum  nitrogen  values  indicate  the  effect  of 
the  absorption  of  globulins  from  the  colostrum.     After  approxi- 


Data  Relating  to  the  Proteins  in 


TABLE  IV. 
the  Blood  of  Calves  6  and  IS  Months  Old. 


0.062 
0.058 
0.050 

0.057 


TABLE  V. 

Data  Relating  to  the  Proteins  in  tke  Blood-f  Different  Non-Pregnant  He^fers 

18  to  M  Months  Old. 


Average...    1.188   1.073|  0.115 


•  Results  are  expressed  as  granis  of  nitrogen  in  100  cc.  of 

or  serum. 
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mately  6  weeks  serum  nitrogen  fluctuates  somewhat  but  is  lower 
than  the  concentration  found  in  the  adult  animal  or  in  the  calves 
6  months  old.  The  adult  values  appear  to  he  attained  between 
3  and  G  months  of  age. 

Albumin  Nitrogen. — Changes  in  the  albumin  nitrogen  are  more 
or  less  independent  of  the  variations  in  the  other  proteins.     The 

T.^BLE  VI. 
Data  Relating  to  the  Proteins  in  the  Blood  of  Different  Pregnant  Heifers 

SO  Months  Old. 
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1.079 

1.015 

0.064 

0.099 

0.260 

0.112 

0.471 

0.482 

0.062 

1.052 

0.964 

0.08.8 

0.061 

0.214 

0.136 

0.411 

0.491 

0.062 

1.142 

1.083 

0.059 

0.072 

0.293 

0.128 

0.493 

0.528 

0.062 

1.043 

0.957 

0.086 

0.116 

0.251 

0.136 

0.503 

0.396 

0.058 

1.129 

1.070 

0.059 

0.101 

0.268 

0.120 

0.489 

0.523 

0.058 

1.085 

1.033 

0.052 

0.072 

0.297 

0.148 

0.517 

0.458 

0.058 

30 

1.064 

1.010 

0.054 

0.129 

0.198 

0.099 

0.416 

0.532 

0.062 

1.095 

1.047 

0.048 

0.086 

0.243 

0.120 

0.449 

0.540 

0.058 

1.225 

1.136 

0.089 

0.092 

0.364 

0.140 

0.596 

0.478 

0.062 

1.123 

1.085 

0.0.38 

0.194 

0.256 

0. 1.32 

0.582 

0.441 

0.062 

1.133 

1.074 

0.059 

0.158 

0.207 

0.144 

0.509 

0.499 

0.066 

1.090 

1.021 

0.069 

0. 1.30 

0.177 

0.161 

0.468 

0.487 

0.066 

1.150 

1.070 

0.080 

0.196 

0.288 

0.096 

0.580 

0.423 

0.066 

1.163 

1.113 

0.050 

0.189 

0.285 

0.136 

0.610 

0.437 

(0.066) 

Average.. . . 

1.112 

1.048 

0.064 

0.121 

0.252 

0.132 

0.506 

0.479 

0.062 

value  at  Ijirth  is  slightly  higher  than  on  the  following  day. 
From  this  time  there  is  a  gradual  increase  up  to  approximately 
3  weeks,  after  which  there  is  a  tendency  toward  a  slight  increase 
with  irregular  fluctuations.  The  important  fact  to  be  brought 
out  with  regard  to  the  albumin  nitrogen  is  that  changes  in  the 
concentration  of  albumin,  particularly  in  the  first  3  weeks  of  hfe, 
do  not  appear  to  be  correlated  with  the  changes  in  the  concen- 
tration of  the  globulins. 
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Fibrin  Nitrogen.-The  data  on  fibrin  nitrogen  are  in  part  in 
the  case  of  Calves  898  and  899  and  of  the  older  animals,  based  on 
dupUcate  determinations  by  two  different  procedures;  coagu k  ion 
foUowing  recalcification  with  calcium  chloride  and  precipitation 
with  10  6  per  cent  sodium  sulfate.  The  first  procedure  represents 
fibrin  and  the  second  fibrinogen.  With  the  quantities  of  plasma 
used  the  results  by  the  two  methods  usually  agree. 

From  the  data  on  Calves  898  and  899  it  might  appear  that 
there  is  a  higher  fibrinogen  content  of  the  blood  early  in  hfe, 
durng  the  period  when   adjustments  in  the  other  proteins  are 
taking  place      The  determinations  of  fibrin  on  various  young 
animals  indicate  a  considerable  individual  variation  and  no  rela- 
tion of  age  to  the  fibrinogen  concentration  of  the  blood      A  con- 
sideration of  data  on  the  adult  animals  also  tends  to  BubBtantiate 
this  idea      It  is  evident  that  the  variations  m  the  concentration  of 
fibrinogen  of  the  calves  is  not  directly  related  to  the  vanat^ns  m 
the  other  serum  proteins.     The  daily  records  on  Calves  898  and 
899  do  not  lend  much  assistance  in  interpreting  the  variations 
in  the  fibrinogen  content  of  the  blood.     Calf  898  had  a    empe.^- 
ture  approximately  r  higher  than  Calf  899  at  the  time  the 
fibrinogen  content  of  its  blood  was  rising  but  during  the  period  o 
high  fibrinogen  values  the  temperature  was  approximate  y  that  o 
Calf  898      From  the  work  of  Smith  and  Little  (5)  on  the  effect 
of  colostrum  upon  the  new-born  animal,  it  is  probable  that  this 
calf  was  conducting  a  battle  against  an  infection  which  was  not 
present  in  the  case  of  Calf  899.     The  large  increase  m  fibrinogen 
at  the  age  of  34  days  in  the  case  of  Calf  898  occurred  at  the  same 
time  as  an  abraised  and  swollen  knee-joint  which  was  not  present 
the  period  before  this  one  and  had  disappeared  before  the  time 
of  the  next  analysis.     Calf  899  does  not  present  any  marked 
temperature  changes.     In  the  latter  part  of  the  experiment  he 
was  subject  to  a  deranged  digestive  apparatus  due  to  the  inges- 
tion of  binding  twine  in  his  bedding  which  caused  partial  occlu- 
sion of  the  rumen  and  interfered  with  his  normal  metabolic  activ- 
ities     The  data  obtained  during  the  last  month  of  hfe  for  this 
calf  are  open  to  question  as  far  as  it  may  be  considered  as  repre- 
senting  a  normal  animal. 
2  Unpublished  data. 
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Chart  1.  Curves  showing  the  variations  in  various  protein  ^'^f°^'ll 
hlood  with  increasing  age.  Calf  898  did  not  receive  colostrum  Calf  899 
r  eted  coirrL  re'latfvely  low  in  globulins,  and  Calf  669  received  co^os- 
^u.  rich  in  globulins.  The  crosses  (X )  indicate  results  obtained  on  calves 
^^ch  did  not  receive  colostrum;  some  of  these  animals  were  -^ected -JJ 
cow  serum,  some  were  injected  and  fed  cow  serum,  and  some  wer  fed  cow 
serum   (5)      The  results  on  these  anunals  agree  essentially  witli  tho  e 

btrned  on  animals  which  had  not  received  colostrum  or  -h.h  woiiM 
have  received  milk  containing  very  small  amounts  of  globulins,  ine 
plus  s  gn  (+)  indicate  results  on  animals  which  had  received  colostrum 
in  after  birth.  Average  data  for  calves  6  and  '^'^f^lf^Z^Zu 
pregnant  heifers  17  to  22  months  old,  and  pregnant  heifers  30  months  old 
are  plotted  as  indicated  in  the  legend.    The  data  are  presented  in  terms  of 

grams  of  nitrogen  in  100  cc.  of  blood  plasma  or  serum. 
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The  work  of  Foster  and  Whipple  (6)  indicates  that  cell  injury, 
inllanunation,  intoxication,  or  liver  injury,  will  affect  the  forma- 
tion of  fibrin.  If  we  admit  the  probable  systemic  infection  (5), 
then  the  general  high  fibrin  values  for  Calf  898  and  the  increase 
in  fibrin  at  the  time  of  the  swollen  knee-joint  might  be  explained 
bj'  the  findings  of  these  investigators. 

Total  Globulin. — In  the  case  of  Calf  898  which  did  not  receive 
colostrum  the  values  for  total  globulin  nitrogen  remain  practically 
constant  for  4  weeks  after  which  they  increase  to  values  which 
are  essentially  the  same  as  those  for  calves  which  received  colos- 
trum. At  about  10  weeks  there  appears  to  be  a  tendency  for  the 
total  globulin  to  decrease  slightly.  At  6  months  the  total  globulin 
values  approach  those  of  the  adult  animal.  The  two  calves 
which  received  colostrum  showed  a  marked  increase  in  globulin 
during  the  first  day  of  life  after  which  the  total  globulin  shows  a 
tendency  to  decrease  during  a  period  of  from  3  to  4  weeks.  Fol- 
lowing this  change  the  amount  of  total  globulins  is  approximately 
the  same  regardless  of  the  previous  diet.  The  concentration  of 
globulin  present  during  the  first  3  to  4  weeks  of  life  is  directly 
related  to  the  quantity  of  globulin  absorbed  during  the  first  days 
of  life.  Colostrum  ingested  by  Calf  669  was  very  thick  and  rich 
in  globulin  whereas  the  colostrum  ingested  by  Calf  899  was  rela- 
tively poor  in  globulin. 

Euglobulin. — Remarks  with  regard  to  the  ingestion  of  colostrum 
and  the  variation  in  protein  nitrogen  relating  to  the  total  glo- 
bulin apply  to  euglobulin.  At  birth  there  is  essentially  no  euglo- 
bvdin  present.  When  euglobulin  is  not  obtained  from  the  colos- 
trum or  otherwise  it  appears  in  the  blood  gradually  and  at 
approximately  5  to  6  weeks  reaches  the  values  found  in  calves 
which  received  colostrum.  The  euglobulin  content  of  the  adult 
animal  is  variable,  due  to  influences  which  have  not  been  deter- 
mined. The  data  relating  to  euglobulin  in  the  case  of  Calf  898 
show  a  certain  cjuantity  of  euglobulin  during  the  first  week  of 
life.  These  values  are  probably  only  in  a  degree  accurate  and 
are  due  in  part  to  technical  error.  The  reason  for  this  assumption 
is,  that  in  the  case  of  serum  at  such  ages  there  is  not  a  visible 
precipitation  at  14.2  per  cent  of  sodium  sulfate. 

PscudoglobuUn  /.—In  the  first  weeks  of  life  the  pseudoglobulin 
I  content  of  the  blood  is  related  to  the  nature  of  the  diet  im- 
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mediately  after  birth.     At  an  age  of  approxirnately  5  t^  6  weeks 
"values  are  the  same  no  matter  what  the  die    may  have  b  en 
i  adult  animal  has  a  much  higher  pseudoglobuhn  I  content 

than  the  calf  3  months  old.  .  „:„;tn+pr1 

PscudoqJohidin  //.-The  quantity  of  protem  precipitated, 
between  17.4  and  21.5  per  cent  of  sodium  sulfate,  appears  to  be 
independent  of  the  diet  and  is  practically  constant  for  all  ages. 
This  condition  exists  in  spite  of  considerable  fluctuations  m  the 
protein  content  of  the  blood  on  either  side  of  this  fraction. 

Animals  6  to  SO  Months  of  Age.-Data  relating  to  «- concen- 
tration of  the  various  protein  fractions  m  ammals  6  to  30  months 
of  age  are  contained  in  Tables  IV  to  VI.     The  average  values  are 
indicated  in  Chart  1.     The  blood  samples  for  calves  6  and  12 
months  old  were  collected  at  the  same  time  and  under  similar 
feeding  conditions.     The  samples  from  the  virgin  heifers  and  the 
pregnant   heifers   were    collected    about    2   weeks    apart      The 
general  conditions  of  stabling  and  of  feeding  were  essentially  the 
same;  the  animals  were  still  on  winter  feed  and  had  not  been 
pastured.     The  results  of  the  analyses  indicate  certain  nainor 
individual  variations  in  the  distribution  of  the  proteins  of    he 
blood      The  elTect  of  age  is  not  particularly  apparent  after  the 
calves  are.  6  months  old.     The  only  indication  of  a  difference 
between  the  two  groups  of   adult  animals  is  in  the  euglobulin 
fraction  which  is  higher  in  the  non-pregnant  heifers  than  m  the 
pregnant  heifers.     On   the   other   hand,   the   concentra  ions   of 
fibrin  are  in  general  higher  in  the  virgin  heifers  than  m  the  preg- 
nant heifers.     This  is  rather  surprising  since,  from  the  work  of 
Fahrffius  (7)  on  human  serum  there  is  a  greater  suspension  stabihty 
in    pregnant    than    in   non-pregnant   women.     The    suspension 
stability  appears  to  be  in  part  at  least  related  to  the  fibrinogen 
and  globulin  fractions  of  the  plasma,  in  which  fibrinogen  has  a 
greater  individual  effect  than  the  other  globulins.     Our  observa- 
tions do  not  necessarily  contradict  those  of  Fahra^us  for  we  are 
dealing  with  a  different  organism  and  we  have  not  made  deter- 
minations of  suspension  stabiUty. 

A  calculation  of  the  relative  proportions  of  globulin  mtrogen 
and  albumin  nitrogen  to  the  total  nitrogen  gives  for  virgin  heifers 
49  per  cent  of  the  total  serum  protein  as  globulin  and  51  per  cent 
as  albumin;  for  the  pregnant  heifers  the  values  are  51  per  cent  of 
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total  globulin  nitrogen  and  49  per  cent  of  albumin  nitrogen. 
These  values  differ  from  those  of  Robertson  (8,  9)  who  found 
36  per  cent  of  total  globulins  and  04  per  cent  of  total  albumins 
for  the  ox.  Robertson's  average  values  for  Hammarsten's  (10) 
determinations  of  ox  serum  are  58  per  cent  total  globulin  and  42 
per  cent  total  albumin.  We  have  found  a  number  of  cases  in 
which  the  serum  of  the  adult  animal  contained  a  preponderance 
of  globulin  over  the  albumin  but  only  a  few  animals,  except  in 
the  case  of  calves,  in  which  the  albumins  predominated  over  the 
globulins.  We  are  dealing,  of  course,  with  the  cow  while  Robert- 
son may  have  been  studying  the  steer;  we  do  not  have  any  evidence 
relating  to  sex. 

DISCUSSION. 

Studies  of  the  variations  in  the  distribution  of  proteins  with 
increasing  age  are  comparatively  few.  The  most  detailed  inves- 
tigations are  those  of  C.  E.  Wells  (11)  on  the  rabbit  and  of  Toyama 
(12)  on  the  albino  rat.  Toyama's  investigation  followed  that  of 
Hatai  (13)  on  the  total  protein  content  of  the  serum  of  the  same 
animal.  Reiss  (14)  and  Utheim  (15)  have  made  observations  on 
infants.  These  investigators  have  all  determined  the  proteins 
by  means  of  the  refractometer.  In  the  work  on  rabbits  and  rats 
the  procedure  of  Robertson  (9)  for  the  separation  of  proteins  has 
been  used.  Lewis  and  H.  G.  Wells  (16)  have  recently  presented 
some  analyses  of  human  blood  using  the  method  employed  in 
this  work. 

It  is  necessary  to  be  very  cautious  in  comparing  results  obtained 
upon  different  species  of  animals.  The  work  of  Robertson  (9) 
has  brought  out  species,  as  well  as  individual,  differences  in  the 
proportions  of  albumin  and  globulin  in  the  serum  of  the  rat, 
rabbit,  horse,  and  ox.  A  difference  between  the  infant  and  the 
calf  is  shown  in  the  data  of  Lewis  and  Wells.  These  investigators 
confirm  to  a  certain  extent  for  the  infant  our  observations  on 
calves;  they  found  that  blood  obtained  from  the  umbilical  cord 
of  infants  does  not  contain  euglobulin.  On  the  other  hand,  their 
data  indicate  quantities  of  pseudoglobulin  I  in  the  blood  of  in- 
fants comparable  to  those  present  in  adult  man,  whereas  in  calves 
this  protein  is  essentially  absent. 
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The  most  extended  series  of  analyses  of  the  total  protein  of 
the  blood  of  infants  and  children  has  been  made  by  Utheim  (15) 
who  confirms  the  work  of  Reiss.  It  was  found  that  the  concen- 
tration of  total  protein  remains  practically  constant  at  6  to  b.5 
per  cent  from  birth  to  about  the  10th  to  11th  month  when  it 
begins  to  rise.  The  adult  level  is  reached  at  about  the  15th  month. 
The  serum  of  premature  infants  contains  less  protem,  4.5  per 
cent,  than  that  of  infants  born  at  full  term.  The  normal  level 
for  infants  is  not  attained  until  about  3  months  of  age. 

Alder  (17)  has  studied  the  blood  of  man  by  means  of  the  refrac- 
tometer  and  viscosimeter  and  finds  practically  no  difference 
between  men  and  women;  httle.  difference  in  the  composition  of 
blood  serum  (a)  between  the  ages  of  7  and  70  years,  (6)  as  a  result 
of  the  ingestion  of  food,  (c)  following  muscular  activity,  (d)  be- 
tween venous  and  capillaiy  blood,  and  (e)  from  day  today.  Pla- 
cental blood  contained,  as  a  rule,  less  protein  and  a  higher  pro- 
portion of  albumin  than  adult  blood.  The  percentage  of  total 
protein  in  placental  blood,  5.7  to  7.0  per  cent,  is  higher  than  that 
for  new-born  calves,  3.6  to  5.6  per  cent.  Most  of  the  values  for 
calves  he  between  3.6  and  4.8  per  cent;  only  two  samples  out  ot 
twenty-eight  showed  a  value  above  4.8  per  cent,  the  average  is 
4  4  per  cent.  The  results  of  Lewis  and  Wells  on  placental  blood, 
4.3  to  6.7  per  cent  (N  X  6.25),  agree  in  general  with  those  of 

Alder 

From  the  consideration  of  published  data  it  is  apparent  that 
the  blood  of  a  new-born  animal  has  a  lower  total  protem  content 
than  that  of  the  adult  animal  and  that  during  the  early  part  of 
Ufe  there  is  an  increase  in  the  total  protein  concentration  of  the 
serum.  In  infants  and  rats  the  protein  content  of  the  serum  the 
first  days  after  birth  appears  to  be  sUghtly  lower  than  at  birth 
or  a  few  days  later.  With  rats  (13)  there  is  a  rapid  mcrease  m 
protein  up  to  the  time  of  weaning  at  which  time  the  protem  con- 
tent shows  some  irregularity.  The  increase  then  contmues  until 
sexual  maturity  is  attained  when  there  is  again  an  irregularity 
followed  by  further  shght  increases  to  the  adult  level.  In  the  case 
of  rabbits  (11)  and  infants  (13,  14)  the  available  data  mdicate  a 
gradual  increase  in  total  protein  from  birth  to  maturity. 

In  the  studies  just  reviewed  the  effect  of  the  nature  of  the  diet 
immediately  following  birth  has  not  been  considered.     The  data 
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presented  in  this  paper  indicate  that  the  quantity  of  total  protein 
present  in  the  serum  of  calves  is  ciefinitcly  related  to  the  quanti- 
tative composition  of  the  colostrum  or  milk  ingested  soon  after 
birth.  The  quantitative  variations  in  the  composition  of  blood 
plasma  imposed  by  the  absorption  of  the  proteins  of  colostrum 
are  transient.  At  the  age  of  from  4  to  6  weeks,  the  quantitative 
effect  of  the  absorbed  protein  has  practically  disappeared  and  the 
composition  in  the  blood  serum  tends  to  become  the  same  no 
matter  what  the  previous  diet  may  have  been.  These  remarks 
apply  to  the  normal  animal. 

The  relative  distribution  of  the  various  protein  fractions  of 
blood  serum  with  increasing  age  has  been  studied  extensively  in 
but  two  cases,  Wells  on  rabbits  and  Toyama  on  white  rats.  Wells 
did  not  find  any  "correspondence  between  the  ages  of  the  animals 
and  the  variations  of  the  relative  proportions  of  'insoluble'  glo- 
bulin, 'soluble'  globulin  and  albumins"  in  the  blood  serum  of 
the  rabbit.  His  youngest  animal  was  21  days  old.  The  data  of 
Toyama  relate  to  the  rat  from  birth  to  maturity.  He  found  a 
gradual  increase  in  quantity  of  globulin  and  albumin  present  in  the 
blood  serum,  which  was  most  rapid  in  the  suckling  period,  23 
days.  Immediately  following  the  suckling  period,  at  30  days, 
there  was  a  fall  in  the  quantity  of  globulin  but  not  in  the  al- 
bumin, while  at  the  next  age  studied,  .50  days,  the  albumin  values 
dropped  slightly  while  the  globulin  showed  an  increase. 

The  data  presented  on  calves  and  cows  indicate  that  during 
approximately  4  to  6  weeks  of  life  the  proportions  of  the  different 
protein  fractions  precipitated  from  tlie  l^lood  by  sodium  sulfate 
are  affected  by  the  diet  of  the  calf  soon  after  birth;  i.e.,  by  the 
character  of  the  milk  ingested.  Following  this  period  the  absolute 
and  relative  proportions  of  globulins  arc  approximately  the  same. 
The  proportions  of  globulins  characteristic  of  the  adult  animal 
are  attained  at  the  age  of  from  18  to  22  months.  When  colostrum 
containing  euglobulin  and  pseudoglobulin  I  is  fed  there  is  a  rapid 
absorption  of  protein  by  the  calf  (1) .  The  absorbed  globulins  then 
gradually  disappear,  in  part  at  least.  When  globulins  are  not  ab- 
sorbed they  are  formed  gradually  and  attain  values  similar  to  those 
which  occur  following  the  ingestion  of  colostrum  at  about  the  time 
when  the  absorbed  globulins  have  fallen  to  the  average  values  for 
a  calf  4  to  6  weeks  old.     The  variations  in  globulin  content  just 
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discussed  relate  particularly  to  those  globulins  precipitated  by 
concentrations  of  sodium  sulfate  less  than  17.4  per  cent,  euglobulm 
and  pseudoglobuhn  I.  Pseudoglobulin  II  remains  relatively 
constant  at  all  times.  This  constancy  of  the  pseudoglobuhn  II 
fraction  suggests  that  the  variations  in  the  other  protems  with 
feeding  and  age  are  true  variations  in  protein  and  not  the  secon- 
dary effect  of  changes  in  the  water  content  of  the  blood;  i.e.,  that 
the' water  content  is  adjusted  to  changes  in  the  protein  content 

of  the  blood. 

The  albumin  concentration  of  calf  serum  is  low  at  birth  and 
rises  rather  rapidlv  during  the  first  2  weeks,  at  the  end  of  which 
time  the  adult  level  is  approached.  Variations  in  the  concentra- 
tions of  albumin  are  apparently  not  affected  by  the  ingestion  of 
colostrum;  essentially  the  same  conditions  exist  whether  or  not 
globulin  is  absorbed.  The  non-protein  nitrogen  appears  to  be 
higher  at  birth,  then  to  decrease  slightly,  and  to  rise  again  to  the 
adult  value,  which  approaches  that  at  birth. 

The  proportions  of  albumin  and  globulin  in  non-pregnant  and 
pregnant  heifers  are  approximately  equal.  This  statement 
applies  to  separations  made  with  sodium  sulfate.  We  have  reason 
to  believe  that  similar  results  would  be  obtained  with  ammonium 
suKate  and  possibly  a  slightly  higher  proportion  of  globulin  would 
be  indicated  when  magnesium  sulfate  is  used  as  the  total  globulin 
precipitant.  The  most  marked  difference  between  the  adult 
blood  and  that  of  a  calf  3  months  old  is  in  the  proportion  of  pseu- 
doglobulin I  present  in  the  blood.  It  appears  that  one  of  the 
chief  adjustments  between  these  ages  is  in  the  pseudoglobuhn 
I  fraction.  The  data  which  we  have  presented  as  indicating  the 
composition  of  adult  blood  apply  to  females  which  have  just 
reached  maturity.  Certain  analyses  indicate  that  the  blood  of 
older  animals  may  vary  widely,  particularly  in  the  fibrinogen, 
euglolDulin,  and  pseudoglobulin  I  fractions.  Some  animals  have 
a  relatively  high  euglobulin  concentration. 
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Braconnot  in  1820  was  the  first  to  hydrolyze  proteins  with  acid.  He 
boiled  meat  as  well  as  glue  with  sulfuric  acid  and  isolated  le-^-  and 
glycocoll  from  the  resulting  mixtures.  These  were  the  first  ammo-acids 
obtained  from  protein  substances.  i     j  *„    tr.T 

Alkalies  were  also  used  as  hydrolyzing  agents  at  an  early  date,  for 
Mulder  (1839)  obtained  leucine  from  meat  which  had  been  boiled  with 

"  tZ  vYew  ^h^proteins  are  complex  compounds  built  .^  of  amino-acids 
originated  with  Liebig,  but  the  manner  in  which  amino-acids  are  Imked  with 
each  other  in  the  protein  molecule  has  only  been  establ  shed  in  recent  year. 
In  1902  Hofmeister  thoroughly  examined  and  discussed  the  various  ways  m 
which  one  might  imagine  two  amino-acids  could  be  united  with  each  other 
Tn  £  protein  molecule,  and  pointed  out  that  the  only  linkage  which  was 
entirely  probable  was  that  which  involved  the  scheme, 

R  -  NH  -  CO  -  R 
This  linkage  has  been  termed  by  Fischer  the  peptide  bond.     The  actual 
existence  of  this  configuration  in  the  protein  molecule  has  been  eBtaol.shed 
by  the  *ork  of  Fischer  and  Abderhalden  and  their  associates,  who  have 
isolated  numerous  polypeptides  from  partially  hydrolyzed  protems.     But 

*  Preliminary  investigation  by  Osborne  and  Nolan  showed  that  it  waa 
possible  to  follow  the  rate  of  hydrolysis  of  gliadin  by  both  acids  and  alka- 
fies,  but  owing  to  the  resignation  of  Mr.  Nolan,  the  -^^-y  l^-,<=°;*-"^^ 
the;e  studies.  The  results  here  published  form  a  part  of  his  dissertation 
presented  to  the  Faculty  of  Yale  University  m  "^^^idacy  for  the  degree  of 
Doctor  of  Pliilosophy,  1922.  An  honorary  fellowship  in  Biochemistry  from 
Yale  University  and  an  1851  Exhibition  Science  Research  Scholarship 
awarded  on  the  recommendation  of  Dalhousie  University  for  the  years 
19-^&-21  and  1921-22,  are  gratefully  acknowledged.  The  expenses  incident 
to'the  experimenal  part  of  this  work  were  ^l^-'^dby  the  Connecticut  Agri- 
cultural Experiment  Station  and  the  Carnegie  Institution  of  Washmgton, 

""  T^alith^r^wils  to  express  his  thanks  to  Dr.  Thomas  B  Osborne  for 
his  interest  in  the  work  and  also  for  much  helpful  advice  and  criticism. 
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whether  or  not  all  the  amino-acids  are  united  in  pept  ide  union  in  the  protein 
molecule,  is  a  question  that  cannot  be  answered  by  work  of  this  nature. 

The  peptide  bond  is  split  on  hydrolysis  with  the  formation  of  an  amino 
group  and  a  carljoxyl  group.  Consequently,  if  the  peptide  bond  occurs 
extensively  in  the  protein  molecule,  the  products  of  hydrolysis  should  con- 
tain large  amounts  of  free  carboxyl  and  amino  groups.  The  isolation  of 
much  of  the  nitrogen  of  proteins  in  the  form  of  amino  groups  of  amino-acids 
renders  it  highly  probable  that  the  amino-acids  actually  are  united  in  the 
protein  molecule  in  peptide  union,  but  proof  of  this  can  only  be  obtained 
when  the  progress  of  hydrolysis  has  been  shown  to  be  accompanied  by  the 
formation  of  free  amino  and  carboxyl  groups. 

It  is  obvious  that  a  study  of  the  progress  of  hydrolysis  of  proteins  is 
dependent  upon  the  develoiiment  of  an  analytical  method  whereby  either 
free  amino  or  free  carboxyl  groups  may  be  estimated  in  the  hydrolysis 
mixture.  The  earliest  purely  chemical  method  for  doing  this  is  due  to 
Siegfried  (1905)  who  found  that  amino-acids  would  unite  in  the  cold  with 
calcium  hydroxide  and  carbon  dioxide  to  form  calcium  salts  of  earbamino- 
acids.  On  heating,  these  decompose  and  an  amoiint  of  calcium  carbonate 
precipitates  which  is  equivalent  to  the  amount  of  amino  nitrogen  present. 
Mathieu  (1909)  made  use  of  this  property  to  follow  the  rate  of  hydrolysis  of 
gelatin  by  boiling  1.55  M  acid,  but  without  very  satisfactory  results. 

Sorensen  in  1908  introduced  the  formol  titration  method  whereby  the 
amount  of  carboxyl  liberated  by  the  hydrolysis  of  peptide  bonds  could  be 
measured.  This  method  was  used  by  Henriques  and  Gjaldbiik  in  1910  to 
ascertain  the  conditions  under  which  proteins  could  be  hydrolyzed  com- 
pletely, and  in  1911  to  follow  the  enzymatic  hydrolysis  of  several  proteins. 
It  is  evident  from  their  results  that  after  the  protein  is  completely  hydro- 
lyzed the  solution  contains  large  amounts  of  free  amino  and  carboxyl  groups 
and  also,  that  the  process  of  hydrolysis  actually  is  accompanied  by  the 
formation  of  increasing  amounts  of  these  two  groups.  Although  Hen- 
riques and  Gjaldbiik  apparently  did  not  appreciate  it  themselves,  this  was 
the  first  definite  chemical  evidence  that  the  amino-acids  were  for  the  most 
part  united  in  the  protein  molecule  by  means  of  the  peptide  bond. 

Van  Slyke  in  1911  introduced  his  nitrous  acid  method  to  estimate  free 
amino  nitrogen  and  the  application  of  this  method  to  the  products  of  protein 
hydrolysis  by  numerous  investigators  has  served  further  to  verify  the  views 
of  Hofmeister  and  Fischer. 

Nasse  in  1872  clearly  pointed  out  that  the  nitrogen  which  gives  rise  to 
ammonia  on  hydrolysis  of  proteins  must  be  bound  differently  in  the  mole- 
cule from  the  nitrogen  which  is  found  as  amino  gro\ips  of  amino-acids  after 
hydrolysis.  Since  that  time  Nasse's  "loosely  bound  nitrogen"  has  been 
variously  termed  "amide  nitrogen"  or  "ammonia  nitrogen,"  but  no  very 
clear  evidence  that  the  ammonia  was  derived  from  an  amide  group  in  the 
protein  molecule  was  pre.scnted  until  1908,  when  Osborne,  Leavenworth, 
and  Brautlecht  pointed  out  the  close  correspondence  between  the  amount  of 
ammonia  required  by  theory  for  amide  formation  with  one  of  the  carboxyl 
groups  of  the  aspartic  and  glutaminic  acids  in  numerous  proteins,  and  the 
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...ount  of  an.monia  actually  obtained  from  them  after  acid  hydrolysis^ 
Further  evidence  was  obtained  by  Thierfelder  and  von  Cramin  (1919)  who 
found  the  proportions  of  ammonia  removed  by  a  defimte  -'^  hydrolys: 
rem  synthetic  polypeptides  containing  glutamir^e  to  be  almost  .dent.cal 
with  the  proportion  removed  from  gliadin  under  the  same  conditions 
Furthermore,  Osborne  and  Nolan  (1920)  demonstrated  the  appearance  of 
L  acid  ty  in  he  solution  when  gliadin  was  hydrolyzed  by  dilute  acd,  which 
wa  closelv  equivalentto  the  amount  of  ammonia  liberated  by  the  hydroly- 
TLd  which  was  best  explained  by  the  hypothesis  that  the  ammonia 
was  derived  from  amides  of  the  dicarboxylic  acids. 

Dakin's  (1918)  discovery  of  oxyglutammic  acid  which  he  fou^d  i" 
casein,  gliadin,  and  glutenin,  and  which  was  found  by  Jones  and  Johns 
19'1)  in  lactalbumin,  has  raised  a  question  as  to  the  value  of  conclusions 
regarding  the  origin  of  ammonia  from  amide  nitrogen  based  upon  the 
amounts  of  glutaminic  and  aspartic  acids  obtained  from  proteins.  Never- 
theless, it  seems  almost  certain  that  the  large  amounts  of  ammonia  obtamed 
from  most  proteins  must  be  derived  from  the  hydrolysis  of  amides  of  these 

dicarboxvlic  acids.  ,      „,•   „ 

The  discovery  of  the  basic  amino-acids,  of  tryptophane  and  of  proline, 
in  proteins  has  shown  that  in  addition  to  the  simple  peptide  bond  and  the 
grouping  which  gives  rise  to  the  ammonia,  nitrogen  occurs  in  a  guanidmo 
group  (arginine),  in  an  imidazole  group  (histidine),  and  m  an  mdole  rmg 
(tryptophane)  as  well  as  in  the  pyrollidine  ring  of  proline  and  oxyprohne. 
Moreover  the  small  amount  of  free  amino  nitrogen  found  only  m  those  pro- 
teins which  contain  lysine  is  probably  due  to  the  end-standing  ammo  group 
of  this  amino-acid.  These  nitrogenous  systems  are  all,  save  tryptophane, 
stable  to  acid,  but  the  guanidino  group  of  arginine  is  quite  readily  decom- 
posed by  alkalies,  breaking  down  to  form  carbon  dioxide  and  ammonia. 
Tryptophane  is  also  unstable  to  alkalies. 

When  methods  involving  the  measurement  of  amino  nitrogen  are  used  to 
determine  the  rate  at  which  a  protein  is  hydrolyzed,  account  must  be 
taken  of  the  observation  of  Fischer  and  Abderhalden  (1904),  that  proline 
can  enter  into  polypeptide  union  not  only  with  its  carboxyl  group,  but  also 
with  its  imino  nitrogen  group.     A  union  of  this  latter  type  if  existing  m  a 
protein  would  be  hydrolyzed  without  the  formation  of  an  ammo  group  and 
would  hence  escape  detection.     There  is  no  method  at  present  avadable  to 
detect  imino  nitrogen  peptide  union  if  it  occurs  in  the  protein  molecule. 
In  addition  to  the  types  of  union  which  have  been  definitely  proved  to 
occur  in  proteins  there  are  other  types  which  possibly  may  exist  in  them. 
Andersen  and  Roed-MiiUer  (1915)  have  presented  evidence  which  indicates 
the  possible  presence  of  very  small  amounts  of  uramino-acids.  although  sub- 
stances containing  the  uramino  group  or  derivatives  of  it,  have  never 
been  isolated  from  proteins.     Johnson  and  Burnham  (1911)  have  drawn 
attention  to  the  possibility  that  sulfur  may  occur  in  proteins  m  thiopeptide, 
-CS  -  NH  -,  union  which  implies  the  existence  of  nitrogen  m  a  grouping 
different  from  any  of  those  mentioned. 
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From  these  considerations  it  is  apparent  that  a  study  of  the  rate  of 
hydrolysis  of  proteins  is  limited  to  the  study  of  the  rate  at  which,  on  the  one 
hand,  ammonia  appears  in  the  solution,  and  on  the  other  hand,  the  rate  at 
which  peptide  bonds  are  broken  with  the  formation  of  amino  groups.  Such  a 
study  shows  only  the  rate  of  decomposition  of  the  hypothetical  amide 
group  and  the  rate  of  hydrolysis  of  the  peptide  bonds,  exclusive  of  those  in 
which  the  imino  group  of  proline  plays  a  part. 

The  rate  at  which  proteins  are  hyrolyzed  by  acids  or  alkalies  has  re- 
ceived very  little  study  since  the  introduction  of  suitable  analytical 
methods,  although  much  attention  has  been  paid  to  the  rate  of  hydrolysis 
by  enzymes. 

Van  Slyke  (1911)  made  use  of  his  nitrous  acid  method  to  estimate  amino 
nitrogen  to  study  the  rate  of  h3-drolysis  of  egg  albumin  by  5  per  cent  sodium 
hydroxide  at  60°,  but  his  experiments  were  carried  out  mainly  with  the 
object  of  demonstrating  the  applicability  of  the  method. 

Pittom  in  1914  used  Sorensen's  formol  titration  to  follow  the  rate  of 
hydrolysis  of  casein  and  egg  albumin  when  boiled  with  20  per  cent  hj'dro- 
chloric  acid.  He  also  determined  the  rate  at  which  ammonia  is  set  free  from 
these  proteins  as  well  as  the  rate  at  which  substances  precipitable  by 
phosphotungstic  acid  are  hydrolyzed,  and  showed  that  each  of  these  reac- 
tions has  a  very  high  velocity  in  the  early  stages  of  the  hydrolysis.  The 
ammonia  was  practically  all  set  free  within  an  hour  while  the  amino  nitro- 
gen rapidly  increased  in  amount  during  the  first  2  or  3  hours,  the  rate  of 
hydrolysis  thereafter  being  much  slower. 

Harding  and  Fort  (1918)  followed  the  rate  of  hydrolysis  of  the  protein 
of  the  human  placenta  by  boiling  20  per  cent  hj'drochloric  acid,  using  Van 
Slyke's  method. 

The  rate  of  hydrolysis  of  proteins  by  enzymes  has  been  studied  by 
Henriques  and  Gjaldbiik  (1911)  using  Sorensen's  method;  Walters  (1912, 
a  and  b),  who  worked  with  casein  and  precipitated  the  unaltered  casein  by 
neutralization  and  then  estimated  the  nitrogen  in  the  precipitate;  Andersen 
(1915)  also  using  Sorensen's  method,  who  determined  how  far  hydrolysis 
could  be  carried  bj-enzjTues  alone;  and  by  Frankel  (1916),  Northrop  (1919), 
and  Dunn  and  Lewis  (1921)  who  followed  the  rate  of  enzymatic  hydrolysis 
of  numerous  proteins  by  means  of  Van  Slyke's  method. 

We  have  studied  the  rate  at  which  ammonia  is  set  free  from 
gliadin  by  various  concentrations  of  hydrochloric  acid  ranging 
from  0.1  to  20  per  cent  at  boihng  temperature,  at  the  same  time 
observing  the  rate  of  hydrolysis  of  the  peptide  bonds  as  indicated 
by  the  appearance  of  free  amino  nitrogen  in  the  solution.  In 
addition  we  have  carried  out  a  few  series  of  experiments  with 
sulfuric  acid,  as  well  as  with  sodium  and  barium  hydroxides,  in 
order  to  ascertain  the  effect  upon  the  rate  of  hydrolj^sis  of  a  less 
highly  ionized  acid  and  of  alkahne  reagents. 
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Gliadin  was  selected  for  our  experiments  since  it  can  be 
readily  obtained  in  a  state  of  purity,  it  has  been  thoroughly  in- 
vestigated with  regard  to  its  an^no-acid  make-up,  -^  m°reav^  ; 
it  contains  a  larger  proportion  of  anude  nitrogen,  glutamimc 
acid,  and  proline  than  any  other  protein  hitherto  analyzed 

Osborne  and  Nolan  (1920)  observed  that  1  per  cent  hydro- 
chloric acid  liberates  almost  as  much  ammoma  from  g  ^^dm  on 
boiling  for  2  hours  as  is  set  free  by  20  per  cent  hydrochloric  acid 
on  boUing  for  24  hours.  We  have  found  that  am-onia  is  se 
free  from  ghadin  quite  rapidly  at  first  by  boihng  0.027  n  (0.1  per 
cent  hycfrochlorl  acid.  Under  the  experimental  conditions 
adopted,  the  neutrahzation  of  the  acid  by  the  ammonia  set  free  is, 
in  tins  case,  the  deciding  factor  in  the  rate  "^^^y^^^^^^^  ;  .f^^^" 
theless,  hydrolysis  slowly  proceeded  until  f  ^  ^^^^/^  ^*^°^  \^^ 
been  boiled  for  118  hours,  over  90  per  cent  of  the  free  acid  had 

been  thus  removed.  . 

By  boihng  with  0.1  n  hydrochloric  acid  nearly  all  the  ammonia 
is  sJt  free  from  ghadin  in  11  hours,  wMe  with  0.2  n  acid  the  same 
i:oint  is  reached  in  5  hours.    The  rate  of  Uberation  of  ammonia 
by  acids  more  concentrated  than  1.0  n  is  so  rapid  m  the  early 
stages  as  to  render  measurement  impossible  by  the  methods  used 
but  with  these  higher  concentrations  of  acid  ^^^^^h^er  phenomenon 
becomes  evident.     It  has  long  been  known  that  the  total  amount 
of  ammonia  obtainable  from  a  protein  could  be  shghtly  mcreased 
by  prolonged  hydrolysis  with  concentrated  ^"^^(Denis    1910). 
This  is  due  to  secondary  decomposition  and  much  of  the  additional 
amount  of  ammonia  probably  originates  from  the  decomposition 
of  tryptophane  and  cystine.     The  tables  of  data  for  the  rate  of 
hydrolysis  of  amide  nitrogen  by  1.0  n  and  more  concentrated 
hydrochloric  acid  show  this  slow  secondary  decomposition  very 

"^^2  N  sulfuric  acid  is  less  effective  as  a  hydrolyzing  agent  than 
02  N  hydrochloric  acid,  the  curve  lying  between  those  showing 
the  rate  of  hydrolysis  by  0.1  and  0.2  n  hydrochloric  acid  for  most 

of  its  length  (Chart  I).  „,:+;„„ 

With  alkaline  hydrolyzing  reagents  secondary  decomposit  on, 
especially  that  of  arginine,  contributes  a  much  larger  proport^«^ 
of  the  total  anrmonia  than  is  the  case  with  acid  reagents.  The 
rate  of  hydrolysis  of  the  anude  nitrogen  appears  to  be  even  more 
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rapid  with  0.2  n  sodium  hydroxide  than  with  0.2  n  hydrochloric 
acid.  The  rate  at  which  the  ammonia  is  set  free  shows  that  three 
distinct  phases  of  the  reaction  exist.  The  greater  part  of  the 
ammonia  is  liberated  rapidly  and  this  phase  represents  the  hy- 
drolysis of  the  amide  nitrogen.  When  all  the  amide  nitrogen  is 
set  free,  anmionia  comes  off  at  a  much  slower  but  quite  steady 
rate  for  a  number  of  hours.  This  phase  probably  represents  the 
decomposition  of  arginine.  Finally  when  an  amount  of  nitrogen 
has  been  liberated  corresponding  roughly  with  the  known  amount 
of  amide  nitrogen  and  one-half  the  arginine  nitrogen,  the  rate  of 
liberation  of  ammonia  becomes  exceedingly  slow.  This  final 
phase  probably  represents  the  decomposition  of  amino-acids  other 
than  arginine.  All  of  these  reactions  probably  proceed  simul- 
taneously but  become  evident  on  the  curve  as  they  are  successively 
terminated. 

0.2  N  barium  hydroxide  is  a  more  rapid  hj'^drolyzing  agent  than 
0.2  N  sodium  hj'droxide  with  respect  to  the  amide  nitrogen  but 
causes  secondarj-  decomposition  at  a  slower  rate  (Chart  II). 

By  hydrolyzing  ghadin  with  dilute  acid  it  is  possible  to  remove 
nearly  all  of  the  amide  nitrogen  and  at  the  same  time  split  very 
few  of  the  peptide  bonds.  It  is  therefore  possible  to  secure  prod- 
ucts from  gUadin  which  stiU  retain  a  large  proportion  of  the 
peptide  bindings  unbroken  and  which  are  practically  free  from 
amide  nitrogen.  The  study  of  these  products  will  form  the  sub- 
ject of  a  later  paper. 

While  our  experiments  with  1.0  and  2.0  x  acid  were  not  pro- 
longed until  hydrolysis  had  been  entirely  completed,  we  have  no 
reason  to  doubt  that  it  would  be  possible  to  push  the  hydrolysis, 
at  any  rate,  very  nearly  to  completion.  Whether  or  not  weaker 
acid  reagents  can  eventually  split  all  the  peptide  bonds  at  boihng 
temperature  is  not  certain. 

Hydrolysis  of  gliadin  as  measured  by  the  appearance  of  amino 
nitrogen  is  practicallj'  complete  when  the  protein  has  been  boiled 
about  20  hours  with  20  per  cent  hydrochloric  acid  or  for  about 
50  hours  with  4  x  hydrochloric  acid. 

The  curves  which  show  the  rate  of  hydrolysis  of  ghadin  by  the 
stronger  acid-hydrolj^zing  reagents  have  no  irregularities,  but 
indicate  that  if  h3alrolysis  is  sufficiently  prolonged  it  will  eventu- 
all.y  become   complete.     The   peptide  bonds  of  the  protein  are 
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broken  successively  in  a  perfectly  smooth  "---'  ^^^P^^^^J 
continuing  until  the  entire  molecule  is  hydrolyzed  to  annno-acids 
The  a  mi  of  acid-hydrolyzing  agents  is  thus  m  sharp  contrast 
Tthat of  enzymes;  pepsin,  for  example,  as  has  ^^^^^ 
the  work  of  Frankel  (1916),  hydrolyzes  a  protem  to  ^  certain 
tin  at  which  action  ceases.  It  thus  is  ^^'^^^^^f^^^ ^^^Z 
portions  of  the  protein  molecule  which  are  resistan  o  h  at  on 
of  this  enzyme.  Precisely  the  same  remarks  apply  to  tl^e  action 
o  tnir  but  it  is  clear  that  they  cannot  be  apphed  to  the  hydro- 
StSo'nofstrongacidson  the  protein.     A  fun  am^^^^^^ 

ence,  therefore,  exists  between  the  hydrolysis  o    a  potem   by 
acids  on  the  one  hand,   and  by  enzjai.es  on  the  other  hand 

^^The  inilLl  rate  at  which  the  peptide  bonds  of  gUadin  are  spUt 
by  alkaUne  reagents  is  much  more  rapid  than  the  -tia   rate  a 
which  they  are  split  by  acids  of  eqmvalent  concentiation.     Ap 
;^enth  there  are  certain  peptide  ^onds  in  the  prot.n  mo^ecu 
which   are   extremely   susceptible   to   attack  by   alkab      The  e 
break  up  very  rapidly  and  the  process  then  continues  at  a  .ate 
resembig  that  obsen-ed  when  eqmvalent  concentrations  of  acid 

^'The'rate  of  hydrolysis  effected  by  barium  hydroxide  is  much 
more  ripid  than  that  by  an  equivalent  concentration  of  sodium 
hvdroxide.  No  explanation  of  this  observation  can  be  suggested 
but  ?t  appears  that  the  stabiUty  of  the  peptide  bond  is  in  some 
influenced  bv  the  presence  of    the  divalent  metallic  ion 


way 
(Chart  IV). 

Gliadin  was  prepared  according  to  the  directions  °J  ^  J^e  and^^^^^^^^^^ 

mm  with  the  exception  that  no  sodium  chloride  was  added  to  the  ^^  ater 

ISIor  preclitatin'g  the  concentrated  alcoholic  solution.    In  the  air-dry 

condition  this  preparation  analyzed  as  follows:  ^^^  ^^^^ 

16.03 

Nitrogen g  g4 

Moisture 0.18 

Ash ••••■; n.5S 

Nitrogen,  ash-  and  mosture-lree 

TV,»  l^vdroKzine  reagents  were  made  up  of  such  a  concentration  that 
.hi  20  L.  oSdin  Sution  (1  gm.)  were  added  to  80  cc.  of  reagent  the 


con 


centration  would  be  exactly  0.1  x,  0.2  x,  etc. 
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The  procedure  was  as  follows:  80  cc.  portions  of  hydrolyzing  reagent 
were  pipetted  into  200  cc.  Pyrex  flasks  and  warmed  under  a  reflux  con- 
denser on  an  electric  hot-plate  to  about  90°C.  20  cc.  of  5  per  cent  gliadiu 
solution  in  70  per  cent  alcohol,  of  which  the  concentration  was  controlled 
by  nitrogen  determinations,  were  then  run  in.  By  this  means  a  sohition  of 
1  gm.  of  gliadin  in  100  cc.  of  0.1  N,  0.2  N,  etc.,  hydrolyzing  reagent  was 
conveniently  obtained  and  the  hydrolysis  begun,  from  a  definite  point  of 
time. 

At  the  end  of  the  desired  period  of  boiling  the  contents  of  the  flasks  were 
rapidly  cooled  and  treated  with  sodium  hydroxide  until  a  precipitate  which 
separated  during  the  addition  of  the  alkali  had  just  redissolved.  At  this 
point  the  solutions  were  slightly  acid  to  phenolphthalein.  Magnesium 
oxide  was  then  added  in  excess  and  the  ammonia  distilled  into  tenth 
normal  acid.  The  distillation  was  confined  until  about  60  to  70  cc.  of 
residue  remained.  This  was  made  up  to  100  cc.  and  aliquots  of  10  cc.  were 
withdrawn,  after  careful  shaking,  for  amino  nitrogen  determinations  by  the 
Van  Slyke  method.  Total  nitrogen  was  also  determined  in  a  25  cc.  aliquot 
to  serve  as  a  check  against  the  ammonia  determination. 

When  alkaline  hydrolyzing  agents  were  u.sed  the  procedure  was  some- 
what modified.  An  adapter  on  the  upper  end  of  the  reflux  condenser  was 
dipped  into  a  flask  containing  dilute  sulfuric  acid  to  catch  the  ammonia. 
The  hydrolysis  was  carried  out  in  750  cc.  flasks  and  at  the  end  of  the  hydrol- 
ysis period  sufficient  acid  was  run  in  through  a  dropping  funnel  to  neutral- 
ize the  contents.  The  condenser  was  then  adjusted  to  the  distilling  posi- 
tion without  disconnecting  at  any  point  and  water  and  excess  of  magnesia 
were  added  to  the  flask.  Distillation  of  the  ammonia  could  thus  be  effected 
without  loss.  It  was  found  impossible  to  titrate  the  ammonia  obtained  by 
alkaline  hydrolysis  of  gliadin  on  account  of  foul  smelling  decomposition 
products  in  the  distillate  which  rendered  the  end-point  uncertain.  More- 
over, hydrogen  sulfide  was  found  in  the  distillate.  The  nitrogen  in  the 
distillate  was  therefore  determined  by  the  Kjeldahl  method. 

All  determinations  were  made  in  duplicate. 

During  the  hydrolysis  of  gUadin  by  acids  of  different  concen- 
trations certain  precipitation  and  color  reactions  occurred  which 
require  mention. 

With  0.1  N  hydrochloric  acid  there  was  no  distinct  separation 
at  any  period  of  the  hydrol3'sis  although  the  solution  became 
opalescent.  With  0.2  n  and  higher  concentrations  of  acid  a  pre- 
cipitate began  to  appear  soon  after  boiling  had  begun,  the  more 
rapidly,  the  higher  the  concentration  of  the  acid  up  to  4.0  n. 
This  precipitate  slowly  dissolved  as  hydrolj-sis  proceeded,  16  or 
more  hours  being  necessary  with  0.5  n  acid  but  only  about  3  hours 
with  4.0  X  hydrochloric  acid. 
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There  was  no  marked  color  change  save  a  slight  darkening  of  the 
yeUow  solution,  on  long  hydrolysis  with  any  acul  less  concen- 

'"w'hl'L' hydrochloric  acid  after  65  hours  boUing  the  solution 
had  ec^me  pale  green,  while  with  4.0  n  acid  a  green  color  ap- 
pear^fin  the  clear  solution  after  5  hours  boihng  and  m  16  hours 

thp  solution  was  emerald  green.  ■   ■.   ^-  „ 

wT^O  per  cent  hydrochloric  acid  there  was  no  precipitation 
buT  he  "p^nk  Liebermann  reaction  developed  a  few  manutes  a  ter 
ad  ling  the  protein  to  the  hot  acid.  This  color  soon  changed  to 
^el  ow-brown  and  in  4  hours  the  solution  was  distinctly  green^ 
Longer  periods  of  hydrolysis  changed  the  color  to  brown  but  no 
seniration  of  black  humus  occurred. 

Th  changes  observed  when  0.2  n  sulfuric  a.id  was  useclre- 
semble  those  noted  with  0.1  N  hydrochloric  acid  and  those  m  h 
4  ON  sulfuric  acid  were  very  similar  to  the  changes  observed  with 

'■%:  S:St  :ftotein  matenal  or  color  changes  we. 
observed  during  hydrolysis  with  alkalies,  the  color  remaining  yel- 
low throughout  Considerable  inorganic  material  derived  from 
the  ^^  was  observed  especially  when  alkaUne  hydrolysis  was 

''The'temperature  at  which  the  hydrolyses  occurred  was  in- 
fluenced by  the  presence  of  the  alcohol  and  -^^dW  93  to  96 
with  the  weaker  hydrochloric  acid  reagents.     Loss  of  alcohol 
p  obaWv  through  the  formation  of  ethyl  chloride,  occurred  with 
hychtlioric  acid  stronger  than  2.0  x  and  the  temperature  con- 
seauently  rose  on  prolonged  hydrolysis.  ,.,.,,     „ 

The  non-appearance  of  humus  in  the  solutions  which  had  be  n 
hydrolyzed  b'    20  per  cent  hydrochloric  acid  is  due  to  the  smal 
con  elation  of  protein  in  the  solution.    When  2  gm.  or  more  of 
grdin  were  boiled  in  100  cc.  of  20  per  cent  hycli-ochloric  acid, 
sufficient  humus  was  formed  to  appear  as  a  precipitate 

Ses  I  to  XIII  give  the  .percentage  of  the  total  nitrogen  o 
ghadin  found  as  ammonia  nitrogen  and  the  percentage  of  the   o  a 
available  amino  nitrogen  found  as  ammo  nitrogen  ^  te    hydio^, 
sis  as  noted.     The  total  available  amino  -t-.|?7^.^f  ^g^^T 
taken  as  57.3  per  cent  of  the  total  mtrogen  (\an  Sljke    191^). 
TWs  figui'  was  confirmed  by  an  estimation  of  the  total  amino 
nitrogen  obtained  from  a  sample  of  the  ghadm  used  m  this  work. 
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TABLE  I. 
0.027  N  HCl  at  93-94°C. 


Time. 

Total  N  aa  ammonia  N. 

hrs. 

per  cent 

5 

7.7 

1.5.5 

13.2 

20 

14.3 

28 

15.0 

44 

16.8 

70 

17.7 

lis 

19.5 

TABLE  IL 

0.1  N  HCl  at  93-94°C. 


Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

hrs. 

per  cent 

per  cent 

1 

8.5 

2 

14.4 

3.7 

3       . 

17.4 

4 

18.8 

3.5 

8 

21.7 

5.3 

11 

22.9 

6.3 

17 

23.4 

7.6 

26 

24.1 

13.6 

40 

24.2 

17.3 

TABLE  III. 

0.2  N  HCl  at  93-94°C. 


Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

hrs. 

per  ctnt 

per  cent 

0.5 

10.7 

1 

14.0 

2.5 

3.5 

21.8 

4.6 

6 

23.8 

16 

23.6 

15.6 

24 

23.9 

23.3 

40 

24.4 

30.0 

TABLE  IV. 

0.5  N  HCl  at  93-94°C. 

Time. 

Total  N  as  ammonia  N. 
per  cent 

Total  amino  N. 

J 

hrs. 

pe 

17.4 

0.5 

1 

2 

4 
16 
22 

21.0 

4.3 

23.4 

6.5 

24.5 

12.3 

24.6 
24.9 
24.9 

29.7 
37.9 

40.2 

24 
40 

25.0 

56.8 

TABLE  V. 

1.0  N  HCl  at  94-95''C. 

Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

irs. 

per  cent 

per  cent 

0.5 
1 

23.6 

9.6 

24.2 

11.5 

2 

7 

12 

14 

25.0 

31.2 

24.8 
24.9 

42.8 
46.7 

25.0 

49.2 

16 

24.9 

51.1 

18 
22 
27 
40 
49 

25.0 
25.0 
25.1 
25.3 

57.5 
59.9 
69.1 
76.9 

83.7 

69 

TABLE  VI. 

2.0  nHCI  at94-96°C. 



Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

irs. 

1 

3.3 

5 

7 

9 
12 
17 
24 
45 
65 

per  cent 

24.7 

per  cent 

21.7 

24.9 
25.1 

39.5 
43.7 

2'4.9 

50.2 

25.0 

55.5 

25.2 
25.5 

62.1 

74.7 

25.4 
25.2 
25.5 

79.5 
84.0 

88.5 

7 
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TABLE  VII. 
4.0  N  HCI  at  08-104°C. 


Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

krs. 

per  cent 

per  cent 

0.5 

24.9 

30.4 

1 

24.8 

45.0 

2.5 

25.3 

56.6 

4.5 

70.8 

5 

25.4 

75.0 

8 

83.5 

13 

25.4 

89.3 

16 

90.0 

24 

25.5 

95.3 

40 

96.9 

48 

25.5 

98.2 

72 

25.5 

98.5 

TABLE  VIII. 
20  per  cent  HCI  at  102-110°C. 


Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

hrs. 

per  cent 

per  C€nt 

1 

25.2 

59.2 

2 

71.5 

3 

25.2 

80.1 

4 

25.3 

82.1 

5 

25.4 

88.2 

7.5 

25.5 

91.8 

11 

25.6 

95.9 

15 

25.4 

97.6 

19 

98.7 

40 

25.6 

98.8 

TABLE  IX. 
0.2  N  H2SO4  at  93-94°C. 


Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

hrs. 

per  cent 

per  cent 

1 

9.4 

.     2 

14.8 

5 

21.6 

6 

22.6 

12 

23.3 

4.9 

16 

24.4 

24 

24.7 

48 

25.2 

22.1 

71 

25.6 

■     29.8 
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TABLE  X. 

4.0  N  HjSO,  at  96-98°C. 


Time. 

Total  N  as  ammonia  N. 

Total  amino  X. 

hrs. 

1 

3 

5 

per  cent 

25.0 
25.1 
25.2 

per  cent 

21.5 
40.6 
46.9 
56.2 

7 
11 
17 
24 
41 
65 

25.3 
25.6 
25.5 
25.5 
25.6 

64.9 
76.9 
82.0 
86.3 
94.0 

TABLE  XI. 

0  2  N  NaOH  at  93-94°C. 

Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

Ars. 

1 

2 

per  cent 

17.8 
22.7 

per  cent 

8.4 
10.1 

3 

4 
5 
6 

g 

24.7 
25.5 
26.4 
27.2 
29.0 

13.4 
14.6 

17.2 
18.1 

12 

17 
46 

72 

29.2 
29.9 

20.5 
26.2 
31.8 

■ 

TABLE  XII. 

1.0  N  NaOH  at  94-95°C. 

Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

hrs. 
1 

2 
3 
5 

per  cent 

26.8 
28.1 
28.5 
29.2 

per  cent 

17.1 
24.0 
28.9 
33.4 
34.6 

6 

8 

30.0 

39.0 
47.3 

15 

24 

29.8 

60.3 
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TABLE  XIII. 

0.2  N  Ba  (0H)2  at  93-94°C. 


Time. 

Total  N  as  ammonia  N. 

Total  amino  N. 

hrs. 

per  cent 

per  cent 

1 

23.7 

15.0 

3 

26.3 

21.8 

5 

26.7 

26.7 

7 

29.3 

8 

27.1 

17 

29.0 

39.3 

46 

30.1 

66.9 

3  0.1  »  aci 

0  C.2  K  HC] 

D  0.5  a  HO] 

E  1.0  II  HOI 

F  2.0  N  HOI 

G  0.2  N  H£S04 


JO 


25 


Time   m  Hours 


Ch.\rt  I.  Amide  hydrolysis  of  gliadin  by  acids. 
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Chart  II.  Amide  hydrolysis  of  gliadin  by  alkalies. 


Chart  III.  Peptide  hydrolysis  of  gliadin  by  acids. 
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Chart  IV.  Peptide  hydrolysis  of  gliadin  by  alkalies. 


SUMMARY. 

1.  The  rate  at  which  gliadin  is  hydrolyzed  at  boiUng  tempera- 
ture by  the  following  reagents  has  been  investigated:  0.027,  0.1, 
0.2,  0.5,  1.0,  2.0,  4.0  N  hydrochloric  acid;  20  per  cent  hydrochloric 
acid;  0.2,  4.0  n  sulfuric  acid;  0.2,  1.0  n  sodium  hydro.xide;  0.2  n 
barium  hydroxide. 

2.  The  liberation  of  ammonia  from  gliadin,  presumably  amide 
hydrolysis,  is  readily  effected  at  boiling  temperature  by  very 
dilute  acid  or  alkah.  The  ammonia  is  set  free  with  great  rapidity 
by  the  stronger  acid  reagents. 

3.  Peptide  hydrolj^sis  is  nearly  completed  bj'  boihng  gliadin 
\vith  20  per  cent  hydrochloric  acid  for  20  hours  or  with  4  n  hydro- 
chloric acid  for  50  hours.  Much  longer  periods  are  required  when 
less  concentrated  acid  reagents  are  used. 

4.  Alkalies  hydrolyze  gliadin  more  rapidly  in  the  early  stages 
of  hydrolysis  than  equivalent  concentrations  of  acids  in  respect 
to  both  amide  and  peptide  bindings.    Due  to  secondar}-  dccom- 
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position,  the  amount  of  ammonia  set  free  by  alkaUes  is  consider- 
ably greater  than  that  Uberatcd  by  acid  reagents. 

5    Barium  hydroxide   hydrolyzes  gUadm  more   -pidly  th- 
sodium  hydroxide  of  equivalent  concentration  m  respect  to  both 

amide  and  peptide  bindings.  ■  ,  .    j    i     •„„ 

T  By  the  use  of  varv.ng  concentrations  ^^  -f  hydro  y^ng 
reagents  a  picture  of  the  hydrolysis  of  ghadm  has  been  obtained 
om  the  spUtting  of  the  first  bonds  to  the  comp  etion  of  the 
reaction  Acid  h^-drolysis  is  thus  shown  to  be  a  continuous  proc- 
ess proceeding  from  first  to  last  without  marked  interruption 
due  to  the  exJtence  of  stable  complexes,  and  is  therefore  clearly 
distinguished  from  enzymatic  hydrolysis. 


BIBLIOGRAPHY. 


Andersen,  A.  C,  Biochem.  Z.,  1915,  Ixx,  3M. 

Andersen,  A.  C,  and  Roed-Muller,  R.,  Biochem^  Z.,  1915,  Ixx,  44.. 

Bracoiinot,  H.,  Ann.  chim.  phys.,  1820,  xm,  113. 

Dakin,  H.  D.,  Biochem.  J.,  1918,  xii,  290, 

Dakin,  H.  D.,  Biochem.  J.,  1919,  xiu,  398. 

Denis  W.,  J.  Btoi.C/im..  1910,  vm,  427. 

Sn  M.  S.,  and  Le.as.  H.  B.,  J.  Biol.  Chem.,  192i,  xhx,  343. 

S;r,  E.,  and  Abderhalden,  E.,  Ber.  chem.  Ges.,  1904,  xxxvu,  3071. 

Frankei   E   M.,  /.  Biol.  Chem.,  1916,  xxvi,  31. 

HardlS  V  J    and  Fort,  C.  A.,  J.  Biol.  Chem.,  1918,  xxxv,  29. 

SnSes  V.   and  GJaldb.k,  J.  K.,  Z.  vhysiol  Chem.,  1910,  W,  8. 

Henries,  V.,  and  Gjaldbak,  J.  K.,  Z.  physrol.Chem.,mi,  Ixxv,  363. 

Hotmeister,  F.,  Ergebn.  Physiol,  1902.  li  ie  Ab      /o9 

Jones,  D.  B.,  and  Johns,  C.  O.,  J.  Biol  Chem    19^  .^-"'  g7. 

Johnson,  T.  B.,  and  Burnham,  G.,  J.  Bwl.  Chem.,  1911,  ix,  331. 

Mathieu,  H.,  Compt.  rend.  Acad.,  1909,  cxlvm,  1218. 

Mulder,  G.  J.,  J.  praU.  Chem.,  1839,  xvi,  290. 

:Nasse,  O.,  Arch.  ges.  Physiol.,  1872,  vi,  oS9. 

Northrop,  J.  H.,  J.  Gen.  Physiol.,  mS-l9   i,  60' • 

Osborne,  T.  B.,  and  Harris,  I.  F.,  Am.  ■^•^^''2'^f  '  f  O?^/'  ^^^  '  }p,„,M 

Osborne,  T.  B„  Leavenworth,  C.  S.,  andBrautlecht,  C.  A.,  Am.  J.  Physiol., 

Osbor^T.'  r'ani  Nolan,  O.  L.,  J.  Biol.  Chem.,  1920,  xliii,  311. 

Pittom,  W.  W.  P..  Biochem.  J.,  1914.  vm,  lo(. 

Siegfried,  M.,  Z.  physiol.  Chem.,  1905,  xhv,  85. 

Sorensen  S   P.  L.,  Biochem.  Z.,  190S,  vu,  4o. 

™erfeider;  H.,  and  von  Cramm,  E.,  Z.  physiol.  Chem.,  1919,  cv,-  58. 

Van  Slvke,  D.  D.,  /.  Biol.  Chen.,  1911,  ix,  185 

Van  Slyke,  D.  D.,  /.  Biol.  Chem.,  1912,  xu,  295. 

Walters,  E.  H.,  J.  Biol.  Chem.,  1912,  a,  xi,  267. 

Walters,  E.  H.,  J.  Biol.  Chem.,  1912,  b,  xii,  43. 


ON  ABNORMAL  MILK  AND  ON  THE  INFLUENCE  OF  AN 
ON  ^^l^^^^^  UDDER  INFLAMMATION  ON  THE 
COMPOSITION  OF  THE  MILK. 

By  B.  SJOLLEMA  axd  J.  E.  VAN  DER  ZANDE. 

iFrorn  the  Chemical  Laboratory  of  il.   Fe<eHnar,   Vnirersiiy  of  I  trecht, 
^  rirecht,  Holland.) 

(Received  tor  publication,  June  24,  1922.) 
In  1921  we  analyzed  a  number  of  abnormal  milks  which  pos- 
sessed t^e  chemical  composition  that  is  considered  to  be  char- 
actexitic  for  milk  from  udders  with  streptococcic  nxfections. 

h    several  of  these  samples  streptococci  were  absent     The 
number  of  tcocytes  in  nearly  all,  with  or  without  streptococci, 

^TheTe' results   gave  us  the  impression  that  the  role  usually 

J-Z  to  these  bacteria  in  producing  udder  in«a—n^  and 

the  secretion  of  abnormal  milk,  is  exaggerated.     \\e  examined 

th  s  point  by  producing  a  sterile  inflammation  of  one  of  the 

ouarters  of  a  normal  udder  and  by  comparing  the  milk  of  the 

?hu         at  d  quarter  with  that  of  the  normal  quarters  as  wel 

a    wi  h  the  milk  of  the  quarter  before  the  inflammation.     For 
as  witn  tne  muK  i  ^^^^  ^^^^^^ 

this  purpose  a  solution  of  0.2  per  cent  sin  ,      ^^, 

sterile  conditions  injected  into  one  quarter  (R.  F.)  of  a  healtny 
milnh  COW  ill  full  lactation.  ,        ,        .  „; 

"  W    Z  used  a  second  way  to  find  out  whether  the  ^trei« 
are  as  important  in  causing  abnormalmik  as  is  usuaUy  beheved 
This  second  method  consisted  in  the  analyzing  of  ^^^^  ^\^^f^ 
diseased  cows  brought  to  the  abattoir  and  \j  making  a  bacteri 
ological  and  anatomical  examination  of  the  udder  tissue. 

The  interesting  paper  of  Baker  and  Breed  (1)  ^^^^^^fj^ 
opinion  that  the  importance  of  the  streptococci  is  not  so  gieat  as 
S^gTnerally  beUeved      Notwithstanding  this  fact,  they  concluded 

X  We  are  indebted  to  Mr.  H.  S.  Frenl<el  for  the  examination  of  the  udder 
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that  the  abiiormahties  of  their  samples  of  milk  were  due  to  strepto- 
cocci. We  believe  that  another  interpretation  is  not  excluded. 
From  eleven  samples  with  very  high  pli  values  (6.92  to  7.0)  they 
found  one  free  from  streptococci.  Again  in  four  out  of  ten 
samples  with  high  pH  values  (6.84  to  6.92)  these  bacteria  were 
absent.  The  same  result  obtained  with  five  samples  out  of 
thirteen  with  pH  values  between  6.76  and  6.84. 

We  cannot  see  the  impossibility  of  the  abnormahty  of  these 
samples  being  caused  by  any  other  agent  than  streptococci. 

Methods. 

We  generally  used  the  methods  of  the  Dutch  Code.x  AUmen- 
tarius  for  milk  (.3rd  edition).  The  titratable  acidity  was  deter- 
mined with  0.1  or  0.25  n  NaOH,  using  phenolphthalein  as  indi- 
cator and  expressing  the  acidity  in  the  number  of  cc.  of  0.25  N 
NaOH  used  for  100  cc.  of  milk. 

The  oxalate  acidity  was  estimated  in  the  same  way  after 
adding  4  cc.  of  a  neutral  10  per  cent  solution  of  potassium  oxalate 
per  25  cc.  of  milk. 

We  think  it  worth  while  to  point  out  the  fact  that  milk  of 
abnormal  acidity  is  detected  easily  by  adding  a  phenol  red  solution 
to  the  oxalated  milk,  as  normal  milk  gives  the  transition  tint  of 
phenol  red. 

The  chloi'ides  were  estimated  by  adding  nitric  acid  to  the  milk, 
filtering,  and  using  the  Volhard  method  in  the  filtrate  as 
described  in  the  above  mentioned  Codex. 

For  lactose  we  usually  chose  the  method  of  Folin  and  Denis.^ 
For  very  abnormal  samples  this  method  cannot  be  used,  as  a 
persistent  blue-violet  color  appears  during  the  boiling. 

We  then  applied  the  iodometric  titration  (of  the  excess  of 
CUSO4)  after  boiling  with  Fehling's  solution.  For  the  estimation 
of  the  total  protein  we  used  the  Kjeldahl  method.  The  casein 
was  precipitated  with  a  saturated  solution  of  potassium-aluminium 
sulfate.  With  abnormal  milks  neither  this  method  nor  the  other 
methods  recommended  for  the  elimination  of  casein,  give  exact 
results.  The  calcium  was  determined  in  the  protein-free  fil- 
trate (trichloroacetic  acid  was  used  to  remove  the  proteins)  by  pre- 

=  Folin,  O.,  and  Denis,  W.,  /.  Biol.  Chem.,  1918,  xxxiii,  521. 
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cipitating  the  faintlv  acid  solution  (indicator  methyl  orange)  with 
ammoZn  oxalate',   contrifuging,  washing,    and    trtrat.ng    w.th 

"^ttZ^c  acid  estimation  we  used  the  apparatus  c. 
D  D  Van  Slyke,  acidifying  with  lactic  acid.  As  recommended 
by  Van  Slyke  ank  Baker'  the  CO.  was  absorbed  with  a  so  ution 
of  NrOH  The  tryptophane  was  determined  colonmetncaUy  by 
the  method  given  ^y  Furth  and  Nobel  (2)  by  means  of  the  reac- 
tion of  Voisenet.  The  number  of  leucocytes  was  estimated  by 
the  method  of  Baker  and  Breed  (3).  • 

^'rrthe  sediment  estimation  we  used  the  well  known  Tr™- 
dorff  tubes  for  10  cc.  of  milk  with  capillair.  In  1921  we  used 
tihe  determination  of  the  non-protein  nitrogen  naetaphosphoric 
ac  d    n  1922  we  precipitated  the  proteins  with  sodmm  tungstate 

rd'suHuric  acid  Win  and  Wu).     ^he  filtr^*^;-  ^SLTor 
after  destruction.     The  pH  values  were  found  with  tbe -d-ato 
method  as  described  by  Baker  and  \an  Slyke  (4).     l^ste^f  J^; 
brom-cresol  purple  we  used  phenol  red  as  we  preferred  the  latter 
We  must  remark  that  the  indicator  method  does  not  give  exac 
figures  with  very  abnormal  milks  nor   with   colostrum.     These 
milks  are  usually  colored. 

DATA   AND   DISCUSSION. 

Table  I  gives  the  data  of  the  milk  samples  from  the  milch  cow 
which  was  treated  with  silver  nitrate  solution  The  right  fore 
quarter  was  injected  on  March  8.  The  f^^P^^f  ^f  ,  ^8^,,^; 
and  L  F.  were  taken  March  9,  about  14  and  24  houis  after 
Ejection.  The  milk  from  the  right  fore  quarter  was  abnormal 
both  times,  as  is  seen  from  the  data  of  the  table. 

Again  the  following  day  the  composition  and  appearance  of 
the  milk  from  the  injected  quarter  were  abnormal  whereas  the 
other  quarters  gave  normal  milk.  Gradually  tire  abnormahty  o 
the  milk  diminished;  for  instance,  the  composition  of  the  milk  of 
March  16,  though  still  abnormal,  differed  less  from  nomal  m  Ik 
than  that  of  the  previous  days.  The  appearance  of  thi.  mil^ 
was  ahnost  normal.  The  quantity  of  milk  dra.-ii  from  this 
quarter,  which  was  very  small  in  the  first  days  after  the  injection, 

3  Van  Slyke,  L.  L.,  and  Baker,  J.  C,  /.  Biol.  Chem.,  1919,  xl,  335. 


516 


Aseptic  Udder  Inflammation 


S  r:: 

13  -O 

S  in 

8 


-3 


c3 


■  S.  ^ 


</i 


C3 


00  i    c    S 


00 


s  i.s 


c 

o 

e    QJ  CO 

^     2  ■=. 


QJ    ^  *-■ 

-^  cc  -^ 

o    CO  '— ' 

aj  CO  c3 

'c  -3  to 

B 


5  ^ 


o 


t^  ^  o    a) 

CO  CO    ^ 


-a    ^5 
.■S   00 

C    M 

•""    CO 

■fi  ^' 
S3? 

a;    CO 


^    CO 


°  2  S 

r       —  00 


o  o  o  o 

00  o  --  o 
'^   O   t^   o 


o 


■in™ 

JO  -DD  e  ni  IQO 


CO     OS 


« 


-  00 

J2    CO 

S2  1^  ■-" 

^   CO   »c 
"     -co 

t~"^  o" 

CO    (X    -^ 
CO    CO    CO 

o    o    o 


OiiO 


o 


d 


CO 

d 


•niasBQ 


CO  ^i 


•stiiaioad  [B^cj, 


o 


lO    CO 


lOCO 


05    'M 
CO   O 


•gso^OBi 


■eapuomo 


■^    00 
■^<   CO 


■uaaoj^m 
uwioad-uo^i 


ft  p.—  tj 


a 

OS 

S 

o 
o 


C3 

E 
o 


CI  o 


S    O 


>  ■*    o 


o  o  o  o 


•<?1!PPB  B^BIEXQ 


O 

d 


•x^ippv 


lO        cot^cocoooooococoo 

CI  COCOtOO'^^t^t^OOt^ 


;::;  fn'  ^l;  t^;  fe  fe' 

^  ^'  jj  pj  p5  pj 


C3 


5!c3J2cao3o3**  ^ 

cico»oot^oor^co»o>--; 

COCO0000CO0OCO2<t;-GC 

cocococococococccoco 
CI    O  CO   -^   o 


-3  —    «S 


B.  SjoUema  and  J.  E.  van  der  Zande        517 


o 
o  t> 


CO  o 


CO  eo  00  c^ 

CD  (£)  03  <N 
O  Ci  t^  t^ 


c3 


a   5 


a 

=3  . 

S  "3 

o  S 

o  n 

-^  o 


C3 

S   w 

O 


o 


o 


IM  M  ■*  C^) 

o  o  o  o 


o 


O  00  'I"  «  IM 
00  lO  00  O  00 


PS 

75 

CO 
CO 

C3 

00 
CO 

J2 
CO 

J3 

00 
CO 

i 

CO 

i 

s 

CO 

G: 

o 

CO 

CO 

-rr- 

CO 

i^ 

-* 

CD 

CO 

k 

= 

= 

= 

= 

:: 

:: 

c3 

= 

5 

- 

THE  JOCRNAL  OF  BIOLOaiC.l.L  CHEMIOTRT,  VOL.  LlII,  NO.  2 


518  Aseptic  Udder  Inflammation 

had  largely  increased.  However,  on  March  19  and  later,  it  was 
impossible  to  get  any  milk  from  this  quarter  notwithstanding  the 
fact  that  it  had  been  milked  regularly  at  the  same  hours  as  the 
other  quarters.  We  could  never  find  streptococci  in  the  milk 
of  the  treated  quarter. 

The  figures  of  Table  I  show  that  the  milk  of  this  quarter 
resembles  milk  of  quarters  with  streptococcic  infection.     This 
will  be  confirmed  by  some  of  the  data  given  in  Table  II.     It 
applies  to  different  constituents:  chlorides,  lactose,  total  protems, 
carbonic  acid,  calcium,  and  tryptophane,  and  holds  good  also  for 
the  acidity,  pH  values,  number  of  leucocytes,  and  sediment.     The 
non-protein  nitrogen,  estimated  twice,  was  once  too  high.     The 
milk  of  the  other  quarters  had  normal  appearance,  acidity,  and 
pH  value;  also  the  content  of  the  chlorides,  number  of  leucocytes, 
and  amount  of  sediment  were  normal;  with  the  exception,  that 
the  sediment  of  the  R.  H.  quarter  was  on  March  lOalittle  too  high. 
The  low  acidity  of  the  milk  of  the  R.  F.  quarter  was  to  be  ex- 
pected, as  the  composition  of  milk  from  inflamed  udders  approaches 
that  of  blood  plasma  (.5) .     Nevertheless,  we  have  found  m  several 
milks  from  quarters  with  streptococcic  infections  high  as  well  as 
low  acidities.     The  high  acidity  in  these  samples  may  be  caused 
partly  by  the  acid  formation  of  these  bacteria  and  partly  by  a 
high  percentage  of  globulins,  as  in  colostrum. 

Later  on  we  will  discuss  the  tryptophane  figures.  Our  experi- 
ment proves  that  other  affections  than  streptococcic  invasions 
can  produce  the  same  changes  in  milk.  Therefore,  aseptic  and 
bacteriological  inflammations  have  in  general  the  same  influence 
on  the  chemical  composition  of  milk.  Our  results  make  it  more 
probable  that  streptococcic  infections  of  the  udder  are  usuaUy 
originated  by  non-bacteriological  lesions;  namely,  that  the  strepto- 
coccic invasion  is  secondary. 

Table  I  also  gives  the  figures  of  some  samples  of  milk  ol  the 
same  cow  taken  before  the  treatment  with  silver  nitrate.  There 
is  no  reason  to  discuss  these  figures  as  they  are  normal,  ihe 
same  cow  was  used  2  months  earUer  for  another  experiment; 
i.e.,  to  examine  whether  an  aseptic  abscess  in  other  parts  of  the 
body  than  the  udder,  in  this  case  in  the  region  of  the  neck,  influ- 
ences the  composition  of  the  milk.  The  abscess  was  produced 
by   sterile  injection   of  turpentine.     It   developed   slowly  to   a 


\ 


B.  Sjollema  and  J.  E.  van  der  Zande        519 

rather  large  size.  Neither  during  the  development  nor  after- 
wards was  the  composition  of  the  milk  much  affected.  Only 
once  did  the  milk  of  one  of  the  quarters  give  a  sediment  that  was 
a  trifle  too  high  (it  was  0.6  per  cent).  Sometimes  the  acidity 
was  too  high;  i.e.,  10..3  (it  was  determined  within  half  an  hour 
after  the  drawing).  Instead  of  90  to  100  mg.  we  found  in  some 
of  the  samples  80  and  72  mg.  of  CI.  The  milk  with  72  mg.  of  CI 
contained  0.14  cc.  of  CO2  in  2  cc.  Once  (4  days  after  the  mjection 
with  turpentine),  we  found  in  the  milk  a  great  many  corpuscles 
(cells)  with  round  nuclei  of  different  sizes. 

Concerning  the  results  formerly  (in  1912)  found  in  this  labo- 
ratory in  milk  of  cows  suffering  from  different  diseases,  we  men- 
tion merely  that  disturbances  of  the  digestion  and  external 
diseases  frequently  influenced  the  composition  of  the  milk  (6). 
Chlorides  and  total  proteins  were  increased,  lactose  and  acidity 

The  alcohol  test,  i.e.  mixing  the  milk  with  an  equal  volume  of 
70  per  cent  alcohol,  often  gave  a  positive  result;  namely,  the  form- 
ing of  smaU  clots,  much  smaller  than  those  which  are  formed 
when  this  test  is  used  for  sour  milk.  Later  on  we  got  similar 
results  with  milk  from  cows  suffering  from  lung  tuberculosis  from 
an  abscess  on  the  jaw  and  from  inflammation  of  the  kidneys.  In 
a  case  of  pyelonephritis  the  acidity  was  too  high.  The  number 
of  leucocytes  was  usually  normal,  sometimes  a  Uttle  greater. 

In  contrast  to  the  milk  of  udder-diseased  cows  there  was  no 
great  difference  between  the  milk  of  the  four  quarters.  Our 
experiment  with  turpentine  injection,  in  which  the  temperature 
of  the  animal  rose  only  sUghtly,  proves  that  an  aseptic  inflam- 
mation in  any  other  part  of  the  body  had  only  very  little  influence 
on  the  milk.  It  may  be  that  toxic  substances  formed  by  bacteria 
can  cause  the  secretion  of  abnormal  milk. 

Table  II  gives  some  of  the  results,  which  gave  us  in  1921  the 
impression  that  the  importance  of  streptococcus  is  not  so  great  as  is 
usually  beUeved.  Several  of  the  samples  were  highly  abnonnal 
both  in  appearance  and  composition.  We  usuaUy  analyzed  the 
milk  of  each  quarter  separately.  In  several  cases  the  milk  of  the 
other  quarters  was  examined  at  the  same  time;  not  all  these 
results  are  mentioned  in  the  table.  Table  II  gives  the  data  of 
the  milks  without  streptococci.  No.  112  contained  only  a  small 
number,  Nos.  164  and  142  were  rich  in  streptococci. 
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No. 


92 


94 
96 

97 

98 

110 

112 


131 

154 

161 
162 
167 
170  and  171 
180 
206 

207 

208 

230 
230a 


Acid- 
ity. 


Oxa- 
late 
acid- 
ity. 


pH 


2.6 


5.2 

5.6 

6.4 

3.36 

4.8 

6.0 

6.02 


6.2 

6.4 

6.8 
7.8 
±4.0 
3.2 
2.8 
5.4 

4.0 

5.0 

5.1 
5.1 


1.3 

1.8 

-0.8 

-0.2 

1.2 

1.6 


3.7 

±0 

2.6 
4.8 
±0.6 
0.2 
0.0 


6.82-6.9 

6.75 
6.67-6.75 


0.8 

-1.4 

0.85 
0.85 


T.-iBLE  II— Abnormal  Milks,  All  wilhoul  Strt 


Sediment. 


Leucocytes. 


6.98 
±6.9-6.98 


6.75-6.82 


1.4  per  cent. 


1.3  per  cent. 
2.1  "  " 
±  3  "  " 
0.8  "  " 
0  2"  " 
0.9    "      " 


3.5    "      " 
A  little  blood. 

±2.5  CO. 


0.6  per  cent. 

±3  cc. 
±3  " 

2.3  per  cent. 

A  little  blood. 
±1.7  per  cent. 
±5  per  cent. 


±1.5  cc. 

A  little  blood. 
±4  per  cent. 

A  little  blood, 
0.4  per  cent. 
0.4-  "      " 


A  great  number. 
(I      «  "  ji 

few  streptococci. 

Full  of  leucocytes. 

Full  of  leucocytes. 
A  great  number. 


Full  of  leucocytes. 


Full  of  leucocytes. 
Large  number. 


Non- 
protein 
nitro- 
gen. 


ma  per 
100  cc. 

34.0 


40.5 
34.5 
34.5 
52.3 
55.4 
46.6 
37.0 


68.6 

60.6 

38.1 
60.2 
46.7 
40.0 
39.2 
133.3 

63.4 

78.4 

27.6 
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:€pt  Nos,  US,  H2,  and  164- 


Casein 


per  cent 


2.7 


4.0 
2.1 

1.04S 


4.8 


6.2 


CaO 


mg.  per 
100  cc. 

206.4 


2.47 
1.18 


88.0 
252.0 
214.0 
198.7 


Trypto- 
phane in 
serum. 


mg.  per 
100  cc. 


Quarter. 


1.085 


3.1 


55.6 

166.3 
99.3 
130.8 


High. 


Normal. 


High. 


Very  high 


High. 


189.7 


263.8 

137.7 
137.7 


Normal. 
14.5 


L.F. 
L.F. 
R.F. 
L.F. 

L.H. 


Remarks. 


R.H. 


R.H. 
L.H. 


R.H.   and 
R.F. 


R.F. 


L.F. 

R.H. 

R.F. 
R.F. 


Milk  from  4  quarters  (Cow  456) ;  ap- 
peared nearly  normal;  a  few  small 
clots. 

From  Cow  456.     The  milk  of  the  L.H. 
•     and  R.H.  quarters  contained  strep- 
tococci. 

14  days  after  calving. 

,^      11        "  "  Injected  with 

streptococcic  serum  before  the  ex- 
amination of  milk. 

13  days  after  calving.  Milk  from  4 
quarters.  12  days  later  strepto- 
cocci present. 

Appeared  very  abnormal.  Other 
quarters    (i.e.    L.F.)    gave   normal 

milk. 

14  days  after  calving.  Appeared  very- 
abnormal. 

5  days  after  calving.  Appeared  very 
abnormal. 

4  quarters,  at  the  end  of  lactation 
appeared  very  abnormal. 

From  Cow  456,  some  days  earlier 
streptococci  were  present. 

4  quarters,  14  days  after  calving, 
appeared  abnormal. 

In  full  lactation,  appeared  very  ab- 
normal, lesion  of  teat;  one  of  the 
quarters  (L.H.)  gave  milk  with 
some  streptococci. 

Same  cow  as  No.  206. 


206.     (catalase  5.2). 


In  full  lactation,   no  diseases  to  be 
found. 
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TABU 


No. 


230b 

230c 
230d 
255 


256 
257 
261 

260 
263 

262 

265 

264 

267 

266 

297 

164 
142 


Acid- 
ity. 

Oxa- 
late 

acid- 
ity. 

6.24 

1.73 

6.2 

1.43 

5.73 

1.33 

2.4 

3.6 

5.4 

2.0 

-2.05 

2.0 

-1.95 

2.0 

-2.0 

3.8 

-1.8 

1.2 

-1,68 

2.16 

-0.88 

4.61 

±0  1 

5.93 

±0.27 

±6.4 

4.8 

1.2 

5.6 

0.8 

pH 


6.65-6.72 
6.6-6.65 


±6.98 
6.82-6.9 


6.9  -6.98 

6.75-6.82 
6.67-6.75 


6.8  -6.9 
6.75-6.82 


Sediment. 


0.4  per  cent. 

0.5   "       " 
0.4  " 


±3.0  cc. 
±1.5  " 


±  1.5  CO. 
0.5  per  cent 


Leucocytes. 


±  2,480,000  leucocytes 
per  cc. 


±1,000,000  leucocytes 

per  CO. 
±280,000    leucocytes 

per  00. 


±20,000,000 

±  2,320,000 

±  3,240,000 

leuco- 

45.4 

±  1,200,000 

cytes. 

41.0 

±     450,000 

±      160,000 

Non- 
protein 
nitro- 
gen. 


mg.  per 

WO  cc. 

30.0 


34.3 


Milk 


73.7 
samples 
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ed. 


Fat. 


ppr  cent 


Casein. 


per  cent 


CaO 


Very 
little. 


;  streptococci. 


mg.per 
100  cc. 

179.0 


186.0 


Trypto- 
phane in 
serum. 


119.0 
210.8 
173.5 

274.4 

203.0 

298.0 

101.0 
188.0 


mff.  per 
too  cc. 

16.6 


16.3 


Quarter. 


3Xnormal 


L.F. 

R.H. 
L.H. 
R.H. 


L.H. 
L.F. 
R.H. 

L.F. 
R.H. 

L.F. 

R.H. 

L.F. 
R.H. 

L.F. 


R.H. 
L.H. 


Remarks. 


Same  cow  as  No.  230a;  the  milk  yields 
of  this  cow  were  abnormally  small. 

Same  cow  as  No.  230a. 
"      "      "     "    230a. 

Cow  with  inflammation  of  the  throat 
and  of  the  udder;  however,  no  clini- 
cal mastitis  could  be  detected  by 
the  veterinarians. 

Same  cow  as  No.  255;  appeared  very 
abnormal,  like  No.  255. 


3  days  later  than  No.  255,  appeared 

very  abnormal.    The  clots  make  the 

determination    of    the    leucocytes 

unreliable. 

Same  cow  as  No.  255. 

2  days  later  than  No.  261,  appeared 

very  abnormal. 
Same  cow  as  No.  255,  No.  262  without 

reductase. 
2  days  later  than  No.  263;  same  cow  as 
1     No.  255. 
Appeared  less  abnormal,  catalase  of 

both  =  7. 
2  days  later  than  No.  265;  same  cow  as 

No.  255. 
Reductase  test    discolored  within  2 
hours. 


10  days  after  calving. 
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The  tabic  mentions  whether  or  not  the  milk  was  produced 
soon  after  calving.  From  the  remarks  made  in  the  last  column  it 
may  be  seen  that  not  infrequently  at  the  same  time  that  abnormal 
milk  without  streptococci  was  drawn  from  one  quarter,  other 
quarters  gave  milk  with  some  streptococci.  We  also  found  that 
a  quarter  giving  milk  without  streptococci  1  day  produced  at  an- 
other time  milk  containing  these  bacteria  in  great  numbers.'' 
One  of  the  striking  features  was  that  in  milk  with  a  low  acidity 
(lesfs  than  about  S)  streptococci  were  never  present.  Perhaps  one 
might  conclude  therefrom,  that  when  the  milk  is  highly  abnormal 
it  is  no  adequate  medium  for  these  bacteria.  Abnormal  milks, 
Tvith  or  without  streptococci,  show  acidities  low  (4  to  6)  or  normal 
•(7  to  8).  This  was  found  in  milks  analyzed  when  quite  fresh 
ii.e.  within  haK  an  hour).  The  acidity  is  therefore  no  good 
criterion  for  streptococcic  invasions  in  the  udder.  The  high 
acidity  sometimes  found  in  streptococci-containing  milk  may  in 
some  cases  be  explained  by  the  character  of  colostrum,  the  milk 
istill  possessed  as  colostrum  has  a  high  acidity;  i.e.,  of  17.  In 
other  cases  it  may  be  caused  by  the  acids  formed  by  the  strepto- 
cocci. 

We  found  in  sterihzed  milk,  by  infecting  with  Streptococcus 
tnastitidis  bovis  and  keeping  at  37°C.  for  3  days,  the  acidity  increased 
from  8  to  24.4  and  a  second  time  from  8.4  to  29  in  2  days.  In- 
fection of  sterilized  milk  with  pyogenes  had  no  or  only  a  negligible 
influence  on  the  acidity.  We  wish  to  point  to  the  result  of  the 
generally  used  reduction  test  with  methylene  blue  obtained  on 
Sample  262.     There  was  no  reduction;  i.e.,  no  discoloration,  even 

in  24  hours. 

In  our  abnormal  samples  without  streptococci,  as  well  as  m 
those  containing  these  bacteria,  we  found  the  chlorides  and 
tryptophane  greatly  increased,  the  lactose  decreased.  As  udder  dis- 
■eases  often  occur  shortly  after  calving,  it  is  necessary  to  take 
into  account  that  the  chemical  criteria  for  abnormal  milk  give 
values  for  colostrum  that  resemble  more  or  less  those  for  milk 
of  diseased  udders. 

*  A  more  detailed  report  of  our  work  is  published  in  Tydschr.  Vergelij- 
kende  Geneesk.  (J.  Comparative  Med.),  1922,  vii,  official  organ  of  the 
Society  for  the  Knowledge  of  Milk. 
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The  non-protein  nitrogen  gave  with  normal  milks  the  same 
values  when  the  proteins  were  precipitated  with  tungstic  acid 
(Folin)  or  when  metaphosphoric  acid    (25  per   cent)   was  used 
for  this  purpose.     This  does  not  hold  good  for  colostrum  nor  for 
abnormal  milks.    We  wiU  try  to  find  the  reason  for  this  difference. 
The  non-protein  nitrogen  of  abnormal  milks  is  frequently  higher 
than  of  normal  milk,  i.e.   about  60  mg.  instead  of  about  30  to 
40  mg  ,  as  well  as  when  streptococci  are  present  m  the  absence 
of  these  bacteria.     Nevertheless,  the  determination  of  this  value 
is  no  sharp  method  for  the  detection  of  abnormal  milk.     In  the 
above  mentioned  sample  of  milk,  which  was  infected  with  strepto- 
cocci we  found  no  increase  of  the  non-protein  nitrogen.     On 
the  contrary,  infecting  sterilized  milk  with  pyogenes  raised  the 
figure  from  30  to  200  mg.;  ammonia  alone  was  almost  formed. 
From  the  cow  injected  with  silver  nitrate  solution  only  once  did 
we  determine  the  non-protein  nitrogen;  it  was  53.3  mg.  in  100  cc.. 
The  amount  of  non-protein  nitrogen  which  we  found  m  several 
samples  of  colostrum  was  always  higher  than  in  normal  milk,, 
usually  60  to  120  mg.  in  100  cc.  ,        ,  . 

In  venous  blood  from  the  jugular  vein  of  cows  we  found  fagures 
between  23  and  36  mg.,  shortly  after  parturition.  That  these- 
figures  are  much  lower  than  those  of  colostrum  may  be  connected 
with  the  much  higher  content  of  nitrogenous  substances  m  colos- 
trum than  in  blood. 

Concerning  our  tryptophane  results  obtained  m  1921  and  witn 
the  milk  of  the  cow  which  was  injected  with  silver  nitrate,  the 
following  may  be  mentioned.  Normal  serum  of  milk,  after  pre- 
cipitating the  casein  and  the  fat  with  a  saturated  solution  of 
potassium-aliuninimn  suHate,  contains  about  14  to  20  mg.  of 
tryptophane  in  100  cc.  In  abnormal  milks  the  amount  is  usuaUy 
ten  to  fifteen  times  as  high.  Of  colostrum  prepared  in  the  same- 
way  the  tryptophane  content  is  usually  more  than  0.5  gm.  in 
100  cc  The  amounts  of  tryptophane,  we  found  in  abnormal 
milks,  according  to  our  results,  approach  that  for  blood  serum. 
Milk  contains  no  free  tryptophane  either  in  the  ultrafiltrate  or 
in  the  filtrate  obtained  after  precipitating  the  proteins.     Tryf)- 

s  Some  years  ago  in  this  laboratory  differences  were  found  in  the  non- 
protein nitrogen  of  blood  by  precipitating  the  proteins  with  different  acids 
(SjoUema  B  ,  and Hetterschy,  C.  W.  G.,  Biochcm.Z.,  1917,  Ixxxiv,  371). 
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tophane  could  be  detected.  The  very  high  tryptophane  figures 
for  colostrum  can  probably  be  explained  by  the  high  percentage 
of  globulins.  We  determined  a  few  times  the  amount  of  trypto- 
phane in  normal  milks  and  in  blood  plasma  (of  cows)  without 
treating  them  with  potassium-aluminium  sulfate  or  any  other 
protein-precipitating  reagent.  We  found  about  100  mg.  in  100  cc. 
■of  milk  and  about  400  to  600  mg.  in  blood  plasma. 

Our  experience  is  not  sufficient  to  state  that  at  the  end  of  the 
lactation  period  tryptophane  increases  in  the  milk.  We  are 
•examining  this  point  as  well  as  others  connected  with  the  trypto- 
phane question;  i.e.,  in  how  far  the  identity  of  the  proteins  of 
blood  plasma  and  lymph  with  those  of  abnormal  milks  can  be 
(examined  by  means  of  the  estimation  of  tryptophane  and 
•whether  the  amount  of  tryptophane  is  increased  in  abnormal  milks 
if  the  affection  that  influences  the  milk  secretion  is  somewhere 
else  than  in  the  udder. 

In  reference  to  the  last  point  we  refer  to  the  data  of  Milk  230. 
The  samples  of  the  different  quarters  gave  normal  tryptophane 
figures.  There  was  no  udder  disease  to  be  found  nor  any  other 
disease;  the  milk  yields  were  very  low.  They  were  abnormal  with 
regard  to  several  points:  acidity,  chlorides,  lactose,  leucocytes, 
and  catalase.  It  may  be  considered  to  be  of  importance,  that 
we  found  leucocytes  to  be  poor  in  tryptophane;  therefore  a 
direct  relation  between  the  number  of  leucocytes  and  the  amount 
of  tryptophane  does  not  exist.  We  wished  to  know  whether  the 
streptococci  were  retained  by  the  udder  tissues  in  those  cases 
in  which  milk  of  abnormal  chemical  composition  contained  no 
streptococci.  If  so,  the  conclusion  from  the  microscopic  examina- 
tion of  the  milk  would  have  been  incorrect.  For  this  purpose  we 
analyzed  the  milk  of  animals  brought  to  the  abattoir  to  be  slaught- 
ered owing  to  serious  udder  diseases. 

Mr.  H.  S.  Frenkel  kindly  examined  parts  of  the  udder  tissues 
microscopically  to  find  out  whether  streptococci  were  present 
and  to  determine  the  nature  of  the  mastitis.  We  cannot  guar- 
antee that  the  cows  were  in  full  lactation  and  regularly  milked. 
As  seen  from  the  data  given  in  Table  III  we  found  that  samples 
of  milk  of  a  very  abnormal  composition  were  at  the  same  time 
devoid  of  streptococci.  It  is,  of  course,  impossible  to  state,  that 
in  these  cases  streptococci  originally  played  no'  role.     Two  objec- 
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1  i„      TViP  first  is  that  we  made  no  cultures;  i.e., 

tnat  we  iu<iue  ^  ^^j,  ^^  probable, 

tattberst^rttrci  Inoaetteeted,  either  in  the  mil. 
otn  he  udder  tissue,  that  they  actually  have  a  g-at  mfluen  e 
nThe tiUc  secretion.  The  second  obiection  may  be  ha^  mdk 
drawn  at  irregular  times  is  not  normal  milk.  Yet  it  is  evident 
S  not  all  the  abnormalities  which  the  samples  show  can  be 
causedt  t  a  way;  i.e.,  Milk  347,  a,  b,  and  c  drawn  from  differen 
Tu'terdiffers  greatly.  An  inflammation  must  have  been  the 
cause  of  this. 

SUMMARY. 

This  paper  shows  that  an  aseptic  inflammation  of  the  udder 

orodu  ed  by  an  injection  of  a   silver  nitrate  solution,  causes 

;:tme  changes  o/the  milk  as  an  infection  with  bac  ena;  - 

hv  strentococci.     This  renders  uncertam  the  fact  that  strepto 

L'cd  uTuaironginate  the  production  of  abnormal  milk  and  of 

'^.::^^:::^:^^^  the  region  of  tl.  neckinAuenced 
th;  composition  of  the  milk  very  little.  .^^^^^^^^^^'^^^^^ 
in  the  sense  observed  in  udder  diseases  or  m  some  other  affections 

^^tsotfc::rof  serious  udder  diseases  the  udder  tissues  were 
deoid  of  streptococci.  This  holds  good  in  cases  m  which  he 
mi^k  po  essed'the  composition  typical  of  streptococcic  mast^. 
Data  are  given  of  a  number  of  samples  of  abnormal  milk.  The 
J^.tdU,  of  these  samples  was  high,  low,  or  normal  ^dependent 
o  he  acidity  the  amounts  of  chlorides,  lactose,  etc  were  abnor- 
mal Some  other  affections  of  the  milch  cow  produce  the  same 
ditges  of  the  milk,  except  the  increase  of  the ^:-f^^^^^Y^^;^ 
cytes  and  the  differences  between  the  milk  drawn  from  the  tour 

""""Sreptococci  have  little  influence  on  the  amount  of  non-protein 
nit™.en  oni  milk.  Pyogenes  increases  this  figure  considerably, 
"m  determination  of't.yptophane  is  one  of  the  best  reagents 

nn  milk  of  inflamed  udders.  , 

cTlostmrn  serum  contains  much  more  tryptophane,  for  example 
50  times  as  much,  than  normal  milk  serum. 


530  Aseptic  Udder  Inflammation 

An  abnormally  low  acidity  of  milk  can  easily  be  detected  with 
phonal  red  after  adding  potassium  oxalate. 

In  milks  with  a  very  low  acidity  streptococci  do  not  appear  to 
be  present. 
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Coloring  matter  (Os- 
borne, Wakeman,  and 
Leavenworth) 

422 
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Alfalfa  juice — continued: 

Inorganic  constituents  (Os- 
borne, Wakeman,  and 
Leavenworth) 

415 
Nitrogen  (Osborne, 

Wakeman,  and  Leaven- 
worth) 417 

Alkali: 

Metabolism  by  dog,  ether 

anesthesia,      effect      of 

(Stehle,  'Bourne,   and 

Barbour)  341 

Alkali  reserve : 

Blood,  ether,  effect  of, 
(Stehle,  Bourne,  and 
Barbour)  345 

Amino-acids : 

Phenylacetylated,  metab- 
olism of  (Shiple  and 
Sherwin)  463 

Amino  nitrogen: 

Nitrous   acid,   factors    in- 
fluencing  reaction  with 
(Dunn    and    Schmidt) 
401 

Ammonia : 

Urine  content,  orange 
juice,  effect  of  (Blath- 
ERWicK  and  Long) 

104 

,  sour  milk,  effect  of 

(Blatherwick  and 

Long)  10" 

Apparatus : 

Sodium  amalgam  elec- 
trode (Neuhausen  and 
Marshall)  366 

Arginine : 

Albumin     of    lima    bean, 

content  of  (Jones,  Gers- 

DORFF,  Johns,  and  Finks) 

238 

Globulins    of    lima    bean, 

content  of  (Jones,  Gers- 

DORFF,  Johns,  and  Finks) 

236 


B 

Bacteria: 

Pentose-destroying,      hex- 
oses,  action  on   (Peter- 
son, Fred,  and  Ander- 
son) 111 
Barium  hydroxide: 

Gliadin,  wheat,  hydrolysis 
of,  by  (Vickery)         495 
Benzylidene-l-amino-2,  3-an- 
hydrogluconate : 

Preparation  (Levene) 

459 
Benzylidene  -  1  -  amino  -  2  -chlo- 
romannonate : 

Preparation  (Levene) 

460 
Benzylidenechitosaminic    acid : 
Preparation    (Levene) 

453 
Benzylidene  monoacetone  glu- 
cose: 

Preparation  (Levene  and 
Meyer)  434 

Blood : 

Acid-base  balance,  ether 
anesthesia,  effect  of  (Van 
Slyke,  Austin,  and 
Cullen)  277 

Alkali  protein  compounds 
of    (Kramer   and   Tis- 

DALL)  247 

—  reserve,  ether,  effect  of 
(Stehle,  Bourne,  and 
Barbour)  341 

Calcium,  concentration  of 
(Neuhausen  and  Mar- 
shall) 370 
— ,    distribution  of  (Kra- 
mer and  Tisdall) 

241 
Chlorides,  colorimetric  de- 
termination  of  (Isaacs) 
17 
Chlorine         concentration 
(Neuhausen  and  Mar- 
shall) 370 
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Blood — continued: 

Cow,  proteins,  effect  of  ;igo 
on  (Howe)  479 

— ,  — ,  —  of  colostrum 
on  (Howe)  479 

— ,  — ,  —  of  pregnancy 
on  (Howe)  479 

Electrolytes  in  blood, 
electrochemical  study 
(Neuhausen  and  Mar- 
shall) 365 

Fixed  base,  total  available 

(Kramer  and  Tisdall) 

250 

Hydrogen    ion    concentra- 
tion,   ether    anesthesia, 
effect    of    (Van    Slyke, 
Austin,    and    Cullen) 
277 

—  —  — ,  ether,  effect  of 
(Stehle,  Bourne,  and 
Barbour)  342 

Lecithin,  determination  of 

(Handles  and  Knudson) 

53 

Lipoids  of,  in  tuberculosis 
(Henning)  167 

Magnesium,  distribution 
of  (Kramer  and  Tis- 
dall) 241 

Phosphates,  determination 
of  (Briggs)  .13 

Phosphoric  acid,  hpoid, 
determination  of 

(Handles    and    Knud- 
son) 53 

Potassium,  distribution  of 

(Kramer  and  Tisdall) 

241 

Protein  precipitants,  be- 
havior of  (HiLLER  and 
Van  Slyke) 

253 

Serum,  buffer  systems  of 
(DoisY,  Eaton,  and 
Chouke) 

61 


Blood — continued: 

Sodium,  concentration  of 
(Neuhausen  and  Mar- 
shall) 

370 
— ,   distribution  of  (Kra- 
mer and  Tisdall) 

241 
Buffers: 

"Loaned",  origin  of 
(DoisY,  Eaton,  and 
Chouke) 

61 
"  SeK-possessed",  origin  of 
(DoisY,     Eaton,      and 
Chouke) 

61 
Serum,    loaned    and    seK- 
possessed  (Doisy, 

Eaton,  and  Chouke) 

61 
Buffer  action: 

Citrates  (Hastings  and 
Van  Slyke) 

269 
Corpuscle  volume  change, 
correction    for    (Doisy, 
Eaton,  and  Chouke) 

64 
Buffer  systems : 

Blood       serum       (Doisy, 
Eaton,    and    Chouke) 
61 
Burbot  liver  oil : 

Calcium  deposition,  effect 

on     (McCollum,     Sim- 

MONDs,     Becker,     and 

Shipley)  301 

Butter  fat: 

Calcium  deposition,  effect 

on     (McCollum,    Sim- 

monds,     Becker,     and 

Shipley)  301 

Butyl  alcohol : 

Sugars,  formation  from, 
by  fermentation  (Robin- 
son) 125 
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Calcium : 

Assimilation,  factors  in- 
fluencing (Hart,  Steen- 
BOCK,  HoppERT,  and 
Humphrey)  21 

Blood,  concentration  in 
(Neuhausen  and  Mar- 
shall) 370 

Corpuscles  and  serum,  dis- 
tribution between  (Kra- 
mer and  Tisdall) 

241 

Deposition,  burbot  liver 
oil,    effect   of    (McCol- 

LUM,  SiMMONDS,  BeCKER, 

and  Shipley)  301 

— ,   coconut  oil,   effect   of 

(MCCOLLUM,    SiMMOXDS, 

Becker,  and  Shipley) 
301 

— ,  cod  liver  oil,  oxidized, 
effect  of  (McCoLLUM, 
SiMMONDS,  Becker,  and 
Shipley)  301 

— ,  shark  liver  oil,  effect  of 

(McCoLLUM,    SiMMONDS, 

Becker,  and  Shipley) 
301 
— ,  vegetable  oils,  effect  of 

(McCoLLUM,    SiMMONDS, 

Becker,  and  Shipley) 
301 
— ,        vitamine-promoting 

(McCoLLUM,    SiMMONDS, 

Becker,  and  Shipley) 
293 
Equilibrium      in      milking 
cows,  effect  of  alfalfa  on 
(Hart,  Steenbock, 

HoppERT,      and     Hum- 
phrey) 21 
Metabolism    in    childhood 
(Sherman  and  Hawley) 
375 
Retention    in    relation    to 
age  (Sherman  and  Haw- 
ley)                            377 


Calcium  chloride : 

Protease  action,  effect  on 
(Falk,  Noyes,  and 
Sugiura)  94 

Calcium  iodide: 

Protease  action,  effect  on 
(Falk,  Noyes,  and 
Sugiura)  94 

Casein: 

Nitrous  acid,  effect  of 
temperature  on  reaction 
with  (Dunn  and 
Schmidt) 

407 

Children : 

Calcium     metal)olism     in 

(Sherman  and  Hawley) 

375 

Phosphorus  metabolism  in 

(Sherman  and  Hawxey) 

375 

Chlorides : 

Blood,   colorimetric  deter- 
mination in  (Isaacs) 

17 

Chlorine : 

Blood  concentration  m 
(Neuhausen  and  Mar- 
shall) 370 
Diet  content  in  relation  to 
ophthalmia  (McCol- 
LUM,  SiMMONDS,  and 
Becker)  313 
Cholesterol : 

Blood  content  in  tuber- 
culosis   (Henning) 

168 

Citric  acid : 

Dissociation  constants 

(Hastings      and      Van 
Slyke)  269 

Urine,  determination  in, 
by  pentabromoacetone 
method  (McClure) 

357 

Coconut  oil: 

Calcium  deposition,  effect 
on     (McCoLLUM,     Sim- 
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Coconut  oil — continued: 

MONDS,     Beckeu,     and 
Shipley)  301 

Feces  fat,  effect  on  charac- 
ter of  (Hill  and  Bloor) 
174 
Cod  liver  oil : 

Oxidized,  effect  on  calcium 

deposition  (McCollum, 

SiMMONDs,  Becker,  and 

Shipley)  301 

Colloids : 

Creatinine  formation  in 
muscle  tissue,  role  in 
(Hammett)  330 

Colostrum : 

Camel's,       analysis        of 

(Fales)  339 

Proteins  of  blood  of  cow, 

effect  on  (Howe)        479 

Corpuscles: 

Human,    calcium    content 

(Kramer  and  Tisdall) 

244 

— ,     magnesium     content 

(Kramer  and  Tisdall) 

244 

— ,      potassium      content 

(Kramer  and  Tisdall) 

243 

— ,         sodium         content 

(Kraimer  and  Tisdall) 

242 

Cottonseed  oil: 

Calcium  deposition,  effect 

on     (McCollum,     Sim- 

monds,     Becker,     and 

Shipley)  301 

Creatine : 

Creatinine    from,    role    of 
colloids    (Hammett) 

330 
Diffusibility  of  (Hammett) 
326 
Creatinine : 

Diffusibility  of  (Hajimett) 
326 


Cuscuta  gronovii : 

Sec  Dodder. 
Cysteic  acid : 

Metabolism        by        dog 
(Schmidt    and    Clark) 
194 
Cysteine : 

Cystine    metabolism,    role 
in  (Lewis  and  McGinty) 
349 
Cystine : 

Albumin  of  lima  bean,  con- 
tent of  (Jones,  Gers- 
DOKFF,  Johns,  and 
Finks) 

238 

Cysteine    as    intermediary 

metabolism  product 

(Lewis  and  McGinty) 

349 

Globulins    of    lima    bean, 

content  of  (Jones,  Gers- 

DORFF,       Johns,       and 

Finks)  236 

Metabolism        by        dog 

(Schmidt  and  Clark) 

194 

D 

Deposit  protein: 

Definition  (Atkinson,  Rap- 
port, and  Lusk) 

157 
Dextrin: 

Fermentation  by  Granulo- 
bader  organism  (Robin- 
son) 147 
Diabetes : 

Acetone,       excretion       of 
(Hubbard  and  Nichol- 
son) 214 
Acetonuria    of    (Hubbard 
and  Nicholson) 

209 
Ketogenic-antiketogenic  ra- 
tio  (Hubbard    and  Ni- 
cholson) 214 
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'Diabetes— continued: 

Urine,  composition  of 
(Hubbard  and  Nichol- 
son) 214 

Diet:                            ,     ,  , 

Efficiency,       metliod  ot 

study     (Sherman  and 

Crocker)  49 
Diphenylacetyl  ornitliine: 

Metabolism    (Shiple  and 

Sherwin)  469 
Dodder: 

Vitamine  B  content  (Or- 

TON,     McCoLLUM,  and 

SlMMONDS)  5 


Egg  albumin : 

Purification     (McCollum, 

SiMMONDS,  and  Becker) 

321 

Electrode : 

Sodimn  amalgam,  descrip- 
tion of  (Neuhausen  and 
Marshall)  366 

Electrolytes: 

Blood,  condition  in,  electro- 
chemical   study    (Neu- 
hausen and  Marshall) 
365 

Enzyme  action: 

Study  (Falk,  Notes,  and 
Sugiura)  "5 

Ether:  ^,,      , 

Acid-base  balance  of  blood, 
effect  on  (Van  Slyke, 
Austin,  and  Cullen) 

277 

Alkali  metabolism  by  dog, 

effect       on        (Stehle, 

Bourne,  and  Barbour) 

341 

Morphine    and,    effect   on 

alkali  metabolism  of  dog 

(Stehle,   Bourne,   and 

Barbour)  341 


Ethyl  alcohol: 

Protein  precipitant,  value 
as    (Hiller    and    Van 

^"^■^"^  256 

1-Ethyl  benzylidene-2,  3-anhy- 
dromannonate : 

Preparation    (Levene) 

458 
1-Ethyl    benzylidene-2-bromo- 
mannonate : 

Preparation    (Levene) 

458 
Ethyl        benzylidenechitosam- 

inate: 

Acetone    compound    (iiE- 

vene) 

455 

Diazo  compound  (Levene) 
455 
,    hydrolysis  of  (Le- 
vene) 456 
Preparation  (Levene) 

453 
1-Ethyl    benzylidene-2-chloro- 

gluconate : 

Preparation    (Levene) 
'  460 

Ethyl      benzylidenedesoxyglu- 

conate : 

Preparation    (Levene) 

'ioy 

Euglobulin : 

Blood  of  cow,  effect  of  age 
on  (Howe)  488 


Fat: 


Excretion  (Hill  and 
Bloor)  I'^l 

Feces,  nature  of  (Hill  and 
Bloor)  171 

Protein  from,  in  metabo- 
lism (Atkinson,  Rap- 
port, and  Lusk) 

155 
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Feces: 

Fat  contont  after  feeding 
coconut  oil  (Hill  and 
Bloor)  174 

—  —  —  ■ —  olive  oil 
(Hill  and  Bloor) 

174 

— ,  nature  of  (Hill  and 
Bloor)  171 

Fibrin: 

Blood  of  cow,  effect  of  age 
on  (Howe)  485 

Foods : 

Calcium  content  (Hart, 
Steexbock,  Hoppert, 
and  Humphrey)  24 

Growth  during  lactation 
period,  effect  on  (Sher- 
man and  Muhlfeld) 

41 

Phosphorus  content 

(Hart,  Steenbock, 

Hoppert,     and      Hum 
phrey)  24 

Utilization,  milk,  effect  of 
(Sherman    and    Muhl- 
feld) 45 
Fructose : 

Fermentation  by  Granulo- 
bacter  organism  (Robin- 
son) _     130 

—  products  by  action  of 
pentose-destroying  bac- 
teria (Peterson,  Fred, 
and  Anderson)  114 


Galactose : 

Fermentation  by  Granulo- 
bacter  organism  (Robin- 
son) 130 
Gliadin : 

Wheat,  rate  of  hydrolysis 
of  (Vickery)  495 

Globulin : 

Blood  of  cow,  effect  of  age 
on  (Howe)  488 


a-Globulin : 

Luna  bean  (Jones,  Gers- 
dorff,  Johns,  and 
Finks)  231 

(3-Globulin: 

Lima  bean  (Jones,  Gers- 
DORFF,  Johns,  and 
FiXKs)  231 

Glucose : 

Fermentation  by  Granulo- 
6acter  organism  (Robin- 
son) 130 

—  products  by  action  of 
pentose-destroj'ing  bac- 
teria (Peterson,  Fred, 
and  Anderson)  114 

-Galactose  mixture,  fer- 
mentation bj'  Granulo- 
bacter  organism  (Robin- 
son) 140 

-Lactose  mixture,  fer- 
mentation by  Granulo- 
bacter  organism  (Robin- 
son) 139 

-Maltose  mixture,  fer- 
mentation by  Granulo- 
badcr  organism  (Robin- 
son) 138 

Streptococcus  lactis,  fer- 
mentation by  (Peter- 
son, Fred,  and  Ander- 
son) 114 

Substituted,  phosphoric 
esters  of  (Levene  and 
Meyer)  431 

— ,      sulfuric      esters      of 

(Levene    and    Meyer) 

437 

-Sucrose  mixture,  fer- 
mentation by  Granulo- 
bacter  organism  (Robin- 
son) 136 
Glycogen : 

Deposition  following  in- 
gestion of  meat  (Atkin- 
son, Rapport,  and 
Lusk)  155 
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Growth:  „    .  „<■ 
Lactation  period,  ettect  ot 
food  on  (Sherman  and 
Muhlfeld)  41 
^  —  of  milk  (Sher- 
man and  Mxjhlfeld) 

43 
Milk,  value  of,  for  (Sher- 
man and  Crocker) 

49 


Heat: 

Colloidal  iron  and,  as  pro- 
tein precipitant  (Hiller 
and  Van  Slyke) 

254 
Hemoglobin  determination, 
effect  on  (Terrill) 

188 

Hemoglobin : 

Colorimetric  determma- 
tion  (Terrill)  179 

Fermentation  by  pentose- 
destroying  bacteria  (Pe- 
terson, Fred,  and 
Anderson)  HI 

Histidine : 

Albumin  of  hma  bean, 
content  of  (Jones, 
Gersdorff,  Johns,  and 
Finks)  238 

Globulins  of  lima  bean, 
content  of  (Jones, 
Gersdorff,  Johns,  and 
Finks)  236 

Hydrochloric  acid: 

Gliadin,  wheat,  rate  of 
hydrolysis  of,  by  (Vick- 
ery)  .     495 

Hydrogen  ion  concentration: 
Blood,     ether    anesthesia, 
effect   of    (Van    Slyke, 
Austin,  and  Cullen) 

277 


Hydrogen   ion  concentration— 

continued. 

Blood,  ether  effect  of,  on 
(Stehle,   Bourne,  and 

Barbour) 

341 

Protease  action  of  tumor 
extracts,  effect  on  (Falk, 
NoYES,  and  Sugiura) 

85 

Urine,  orange  juice,  effect 
of  (Blatherwick  and 
Long)  104 

— ,  sour  milk,  effect 
of  (Blatherwick  and 
Long)  107 


Indian-pipe:  .     x    /n„ 

Vitamine  B  content   (UR- 
ton,    McCollum,     and 

SIMMONDS)  5 

Inflammation : 

Aseptic,  of  udder  and  com- 
position of  milk  (Sjol- 

LEMA        and       VAN       DER 

Zande)  513 

Inulin: 

Fermentation  by  (jranu- 
lobader  organism  (Rob- 
inson) 148 

Iron:  ,  ,      ^ 

Colloidal,  and  heat  as  pro- 
tein precipitant  (Hiller 
and  Van    Slyke) 

254 

Isethionic  acid : 

Metabolism  by        dog 

(Schmidt  and    Clark) 

^  194 


Ketogenic-antiketogemc   ratio: 

Diabetes    (Hubbard    and 
Nicholson) 
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Kidney : 

Kiicleic    acid, 

(Levene) 


anal3'sis    of 
446 


Lactic  acid : 

Hexoses,    formation   from, 

by      pentose-destroying 

bacteria         (Peterson, 

Fred,    and    Anderson) 

114 

rf-Lactic  acid: 

Hexoses,    formation   from, 

by     Streptococcus    lactis 

(Peterson,    Fred,    and 

Anderson)  119 

Lactose : 

Fermentation  by  Granu- 
lobacter  organism  (Rob- 
inson) 133 
■ —  products  by  action  of 
pentose-destroying  bac- 
teria (Peterson,  Fred, 
and  Anderson) 

114 
Streptococcus     lactis,     fer- 
mentation   by    (Peter- 
son, Fred,  and  Ander- 
son) 114 
Lecithin : 

Blood    content    in    tuber- 
culosis (Henning)      168 
— ,  determination  in  (Han- 
dles and  Knudson) 

53 
Lima  bean : 

Proteins  (Jones,  Gers- 
DORFF,  Johns,  and 
Finks)  231 

Lipoids : 

Blood  content  in  tuber- 
culosis (Henning) 

1G7 
Lithium  chloride : 

Protease  action,  effect  on 
(Falk,  Notes,  and 
Sugiura)  94 


Liver : 

Nucleic  acid,  analysis  (Le- 
vene) 447 
Lysine : 

Albumin  of  lima  bean,  con- 
tent of  (Jones,  Gers- 
DORFF,  Johns,  and 
Finks)  _  238 

Globulins  of  lima  bean, 
content  of  (Jones,  Gers- 
DORFF,  Johns,  and 
Finks) 

236 

Nitrous  acid,  effect  of 
temperature  on  reaction 
with  (Dunn  and 
Schmidt) 

406 

M 

Magnesium : 

Corpuscles  and  serum,  dis- 
tribution between  (Kra- 
mer and  Tisdall) 

241 
Maize  oil : 

Calcium  deposition,  effect 

on       (McCoLLUM,      SlM- 

MONDs,      Becker,     and 
Shipley)  301 

Maltose : 

Fermentation    by    Granu- 
lobacter  organism  (Rob- 
inson) 133 
Mannitol : 

Fermentation  by  Gramilo- 
bactcr  organism  (Robin- 
inson)  150 

—      by      pentose-destroy- 
ing bacteria  (Peterson, 
Fred,  and  Anderson) 
116 
Mannose : 

Fermentation  by  Granulo- 
tacier  organism  (Robin- 
son)   ■  130 


Subjects 


545 


Metabolism,  hourly,  effect 
on  (Atkinson,  Rapport, 
and  Lusk)  155 

Melezitose : 

Fermentation  by  Granulo- 
bacter  organism  (Robin- 
son) 146 

—  products  by  action  ot 
pentose-destroying  bac- 
teria (Peterson,  Fred, 
and  Anderson) 

Melibiose: 

Fermentation  by  GranuLo- 
bacler  organism  (Robin- 
son) 1"^5 
Mercuric  chloride: 

Protein  precipitant,  value 
as  (Hiller  and  Van 
Slyke)  258 

Metabolism: 

Alkali,  by  dog,  effect 
of  ether  anesthesia 
(Stehle,  Bourne,  and 
Barboitr)  341 

Basal,  meat,  effect  of  (At- 
kinson, Rapport,  and 
Lusk)  155 

Calcium,  in  childhood 
(Sherman  and  Hawley) 
^  375 

Cysteic  acid  (Schmidt  and 


Clark) 
Cystine 

Clark) 
— ,    role 

(Lewis 


194 
(Schmidt      and 
194 
of    cysteine    in 
and  "McGinty) 
349 
Diphenylacet}-!     ornithine 
(Shiple  and  Sherwin) 
469 
Isethionic    acid    (Schmidt 
and  Clark)  19-1 

Meat,  effect  of  (Atkinson, 
Rapport,  and  Lusk) 

155 


Metabolism— co)i?u?Hf^; 

Phenylacetyl  alanine  (Shi- 
ple and  Sherwin)     473 
Phenvlacetyl      asparagine 
(Shiple   and   Sherwin) 
^  472 

Phenylacetyl  rf-glutamic 
acid  (Shiple  and  Sher- 
wiN)  472 

Phenvlacetyl  glutamine 
(Shiple  and  Sherwin) 
^  471 

Phenvlacetyl  glycocoll 

(Shiple  and  Sherwin) 
^  468 

Phenylacetyl        dWeucine 
(Shiple  and  Sherwin) 
^  475 

Phenyluraminocystine 
(Lewis  and  McGinty) 
351 
Phosphorus,   in   childhood 
(Sherman  and  Ha-rxey) 
375 
Sodium    sulfite    (Schmidt 
and  Clark)  194 

Sodiuin  thiosulfate 

(Schmidt  and  Clark") 
^  194 

Sulfur  compounds  by  dog 
(Schmidt  and  Clark) 

Taurocholic  acid  (Schmidt 
and  Clark) 

194 

Metaphosphoric  acid: 

Protein  precipitant,  value 
as  (HaLER  and  V.vN 
Slyke)  256 

MUk: 

Abnormal,  analysis  of 
(Sjollema  and  van  d_er 
Z.ande)  513 

Aciditv,  phenol  red  as  test 
for  '(Sjollema  and  van 
DER  Zande  514 
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M  ilk — con  t  in  ued: 

Calciiun,  utilization  of, 
by  children  (Sherman 
and  Ha\vi.ey)  377 

Growth  during  lactation 
period,  effect  on  (Sher- 
man and  Muhlfeld) 

43 
— ,  value  of,  for  (Sherman 
and  Crocker)  49 

Reproduction,     effect     on 
(Sherman    and    Muhl- 
feld) 43 
Sour,  urinary  acidity,  effect 
on    (Blatherwick   and 
Long)                         103 
Monotropa  uniflora : 
See  Indian-pipe. 
Morphine : 

Ether  and,  effect  on  alkali 

metabolism       of       dog 

(Stehle,   Bourne,   and 

Barbour)  341 

Muscle  tissue: 

Colloids  of,  and  creatinine 
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NOTE  ON  THE  RELIABILITY  OF  THE  BENEDICT  AND 
FOLIN-WU  BLOOD  SUGAR  DETERMINATIONS. 

By  F.  a.  CSONICA  and  GRACE  C.  TAGGART. 

{From  the  Laboratory  of  Dr.  J.  P.  McKelvy,  Pittsburgh.) 

(Received  for  publication,  July  7,  1922.) 

A  comparative  study  of  blood  sugar  methods  was  recently 
pubUshed  in  this  Journal  by  Host  and  Hatlehol;i  their  conclusion 
was  that  the  Benedict^  method  gives  a  generally  higher  result 
than  the  FoUn-Wu'  method.  Since  then,  FoUn  and  Wu  have 
modified  their  technique  and  claim  that  "the  new  process  tends 
to  give  slightly  lower  values  than  the  original  method."  This 
makes  the  difference  between  the  Benedict  and  Folin-Wu  methods 
even  larger  than  the  tables  of  Host  and  Hatlehol  show.  Our 
aim  at  present  is,  not  to  prove  whether  the  blood  sugar  values 
obtained  by  the  above  mentioned  methods  are  absolutely  correct 
or  whether  reducing  substances  other  than  glucose  present  in 
the  blood  have  any  influence  on  the  reagents  used,  but  to  decide 
which  of  these  two  methods  gives  the  more  reUable  results. 

A  1  per  cent  solution  of  pure  glucose  was  made  up,  using  Kahl- 
baum's  (c.p.)  preparation,  which,  by  dilution,  gave  the  necessary 
standards  for  both  methods  and  a  third  "unknown"  solution 
was  prepared  containing  approximately  20  mg.  per  100  cc.  We 
found  that,  using  these  pure  glucose  solutions,  both  methods  gave 
identical  and  correct  results.  What,  then,  can  be  the  reason 
for  the  different  results  obtained  by  the  two  methods  when  ap- 
plied to  human  blood;  i.e.,  higher  results  according  to  Benedict's 
method?  (We  must  keep  in  mind  that  Benedict  eUminates 
the  blood  proteins  by  picric  acid  and  Folin  and  Wu,  by  tungstic 
acid).  In  the  first  place,  since  a  higher  result  (Benedict)  indicates 
a  larger  amount  of  glucose  present  in  the  blood  filtrate,  we  might 

1  Host,  H.  F.,  and  Hatlehol,  R.,  J.  Biol.  Chem.,  1920,  xlii,  347. 
=  Benedict,  S.  R.,  /.  Biol.  Chcm.,  1918,  xxxiv,  203. 
■>  Folin,  O.,  and  Wu,  H.,  /.  Biol.  Chem.,  1920,  xli,  367. 
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conclude  that  the  timgstic  acid  precipitation  is  responsiljle  for 
the  loss  of  some  glucose.  In  the  second  place,  we  might  conclude 
that  there  are  certain  reducing  substances  in  the  filtrates  other 
than  glucose  which  react  with  the  picric  acid  but  do  not  affect  the 

copper.  . 

To  settle  the  first  possibihty  we  used  the  Fohn-Wu  technique 
on  both  the  tungstic  and  the  picric  filtrates^  and,  to  our  satisfac- 
tion, found  very  good  checks.  This  disproves  the  theory  that 
the  tungstic  acid  precipitation  is  responsible  for  the  loss  of  glu- 
cose.    To  counteract  the  yellow  color  of  the  picric  acid  we  added 

TABLE  I. 
Blood  Sugar  in  Mg.  per  100  Cc.  of  Blood.* 


Condition. 

Tungatate  filtrate. 

Picric-picrate  filtrate. 

Subject. 

Folin-Wu 
method. 

Benedict 
technique. 

Folin-Wu 
technique. 

Benedict 
method. 

mg. 

mg. 

mg. 

mg. 

1 

Normal. 

73 
83 

86 

82 

72 
81 

120 
117 

3 

4 
5 
6 
7 
8 
9 
10 
11 

li 

87 

100 

86 

121 

(C 

88 

91 

87 

118 

tc 

89 

94 

87 

120 

Diabetic. 

87 
91 

104 
106 

81 
89 

130 

122 

(( 

97 

110 

96 

150     . 

IC 

140 

157 

133 

170 

tc 

164 

162 

161 

184 

"         accom- 

200 

230 

200 

263 

panied  by  glycosuria . 

*  Blood  was  taken  before  breakfast. 
1  to  1  2  CC  of  the  picric-picrate  solution  to  the  Folin  standard 
before  dilution;  the  green  color  produced  in  both  standard  and 
unknown  could  be  matched  with  ease  in  the  colorimeter.  As 
seen  readily  from  Table  I,  the  results  are  within  the  limit  of  ex- 
perimental error  (see  Column  5)  and  can  be  assumed  as  identical. 
At  the  same  time  this  experiment  serves  as  a  proof  «iat  the  cop- 
per is  not  reduced  by  the  non-glucose  substance  which  reacts 
with  the  picric  acid  and  produces  a  higher  figure  for  blood  sugar 
(Benedict) . 

« It  was  found  that  the  presence  of  picric  acid  did  not  influence  the 
copper  reduction. 
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It  was  of  further  interest  to  apply  the  tungstic  acid  filtrate  to 
the  Benedict  technique  (4  cc.  of  filtrate  and  4  cc.  of  picric-picrate 
solution).  As  seen  from  Table  I,  Column  4,  the  results  are  some- 
times higher  than  those  of  Folin  but  always  lower  than  those  of 
Benedict.  This  shows  that  the  tungstic  precipitation  partially 
eUminates  the  non-glucose  reducing  material  and  could  be  ad- 
vocated as  an  improved  modification.  To  simphfy  calculations 
a  standard  solution  of  glucose  containing  0.4  mg.  per  4  cc.  may 
be  used. 

In  conclusion,  we  may  state  that  the  Folin-Wu  blood  sugar 
determination  gives  more  reliable  results  than  Benedict's  picric- 
picrate  method. 
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THE  MINERAL  CONTENT  OF  THE  NORMAL  WHITE  RAT 
DURING   GROWTH. 

Bt  G.  DAVIS  BUCKNER  and  A.  M.  PETER. 

(From  the  Department  of  Chemistry,  Agricultural  Experiment  Station, 
University  of  Kentucky,  Lexington.) 

(Received  for  publication,  July  6,  1922.) 

The  object  of  the  experiment  reported  herein  was  to  determine 
the  mineral  content  of  the  carcasses  of  normal  white  rats  at  dif- 
ferent ages.  The  laboratory  conditions  under  which  the  animals 
were  raised  are  reproducible.  The  use  to  be  made  of  the  data 
will  be  for  comparison  with  similar  data  to  be  procured  under  a 
change  of  the  minerals  ingested. 

A  large  mmiber  of  healthy  adult  white  rats  were  obtained  which 
had  come  from  common  parents  and  had  existed  under  identical 
conditions  since  weaning.  These  rats  were  bred  and  only  those 
litters  from  which  three  males  and  three  females  could  be  selected 
for  analysis  were  used  in  the  experiment.  These  litters  were 
weaned  at  the  age  of  4  weeks  and  at  that  time  separated  as  to 
sex.  After  weaning,  their  principal  food  consisted  of  cracked 
yellow  corn  which  was  kept  before  them  at  aU  times.  Three 
times  a  week  stale  hght  bread  soaked  in  fresh  whole  milk  was  fed 
as  the  morning  meal  in  such  quantities  as  they  would  consmne 
in  30  minutes  and  twice  a  week  shredded  cabbage  was  fed.  Lab- 
oratory tap  water  was  used  throughout.  They  were  bedded 
with  clean  oat  straw  which  was  changed  twice  a  week. 

Wlien  a  group  of  rats  reached  the  desired  age  they  were  cliloro- 
foi-med  and  thoroughly  washed  with  distilled  water  and  dried. 
The  esophagus,  stomach,  intestines,  and  rectum  were  dissected 
out  and  discarded.  The  remaining  portions  of  the  three  rats 
of  each  sex  were  weighed  together  and  ashed  at  a  dull  red  heat 
in  a  muffle  for  12  hours,  thereby  obtaining  a  nearly  white  ash, 
very  uniform  in  color  and  texture.  After  weighing,  the  com- 
posite sample  of  ash  was  well  mixed  by  grinding  and  a  weighed 
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portion  dissolved  in  hydrocliloric  acid  and  analyzed  for  calcium 
and  magnesium  by  the  method  of  McCruddcn.^  Phosphorus 
and  potassium  were  determined  by  the  methods  of  the  Associa- 
tion of  Official  Agricultural  Chemists'  after  solution  m  hydro- 
chloric acid. 

The  results  are  shown  in  Tables  I  and  III.  Tables  II  and  IV 
were  computed  from  the  data  in  Tables  I  and  III. 

It  wiU  be  seen  that  the  weights  of  the  male  and  female  car- 
casses increase  regularly  for  40  weeks,  except  between  the  16th 
and  18th  weeks  for  the  males  and  the  10th  and  12th  and  the  14th 
and  16th  weeks  for  the  females.  In  these  cases  the  deficiency 
in  weight  was  due,  perhaps,  to  individual  variations. 

The  weights  of  the  carcasses  of  the  males  and  females  of  the 
same  age  up  to  10  weeks  are  comparable  but  after  that  age  the 
males  are  appreciably  heavier  than  the  females. 

With  the  exception  of  the  percentages  of  ash  in  the  carcasses 
of  the  2  week  old  male  and  the  20,  30,  and  40  week  old  males 
and  females,  the  percentage  remains  fairly  constant  m  the  in- 
tervening periods.  The  percentage  of  P2O5  in  the  ash  of  the 
carcass  shows  a  wider  range  of  variation  in  the  female  than  m 
the  male  but  the  maximum  in  the  male  is  higher.  The  total 
weights  of  P.O5  in  the  carcass  of  both  males  and  females  show  an 
increase  in  each  period  except  that  of  18  weeks  for  the  former 
and  of  12  weeks  for  the  latter.  Here  again  we  have  cases  of 
individual  variation. 

The  percentages  of  CaO  in  the  ashes  of  the  males  vary  more 
than  those  of  the  females,  but  the  average  is  about  the  same. 
The  wei-hts  of  CaO  in  the  18  week  old  male  and  the  12  week 
old  female  are  smaller  than  those  for- the  corresponding  weights 
for  the  2  weeks  previous. 

It  is  interesting  to  note  that  at  the  age  of  2  weeks  the  oxygen 
ratio  of  CaO  +  MgO  to  F,0,  approximates  that  of  tncalcium 
phosphate  (1.67),  whereas,  for  the  older  rats  tins  ratio  falls 
between  that  and  the  ratio  for  dicalcium  phosphate  (2.5);  and 
that  the  ratio  of  calcium  to  magnesium  and  to  potassium  is 
sensibly  the  same  for  both  sexes  and  aU  ages. 

I  McCrudden,F.H.,/.BW.C;im.,  1909-10,  vii,  83.  ,  r^ffi  •„, 

^  Official  and  tentative  methods  of  analysis  of  the  Association  of  Official 
Agricultural  Chemists,  revised,  November  1,  1919,  pp..  3  and  12. 


G.  D.  Buckner  and  A.  M.  Peter 


TABLE  I. 
Average  Weights  per  Carcass,  Grams,  and  Percentage  of  Ash 

Age. 

Carcass  without 
alimentary  canal. 

Crude  ash. 

Percentage  of  aah. 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

wks. 

2 

4 

6 

8 
10 
12 
14 
16 
18 
20 
30 
40 

15.65. 

17.76 

20.80 

45.01 

Lost. 

60.02 

93.66 

111.21 

102.09 

124.55 

160.21 

180.50 

12.27 

15.91 

21.20 

47.32 

63.34 

53.85 

79.07 

68.19 

93.19 

100.64 

142.35 

138.81 

0.28 
0.52 
0.62 

1.47 

1.70 
2.40 
3.49 
3.04 
3.29 
5.79 
7.14 

0.34 
0.47 
0.65 
1.41 
1.84 
1.55 
2.19 
2.10 
2.89 
3.36 
4.80 
5.37 

1.79 
2.93 
2.98 
3.27 

2.82 
2.56 
3.14 
2.98 
2.64 
3.61 
3.95 

2.77 
2.95 
3.07 
2.98 
2.90 
2.88 
2.77 
3.08 
3.10 
3.34 
3.37 
3.87 

Averaffe        

84.68 

69.68 

2.70 

2.24 

2.95 

3.00 

Gain  in  38  weeks  . . 

174.85 

130.08 

6.86 

5.03 

2.16 

1.10 

TABLE  IL 
Average  Percentages  of  Mineral  Substances  in  the  Carcasses. 


Age. 

P2O5 

CaO 

MgO 

E:0 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

wks. 
2 

0.66 

0.87 

0.72 

0.99 

0  04 

0.06 

Lost. 

Lost. 

4 

1.28 

1.27 

1.03 

1.05 

0.07 

0.07 

0.04 

0.04 

6 

1.35 

1.32 

1.12 

1.09 

0.07 

0,07 

0.03 

0.04 

8 

1.40 

1.23 

1.12 

1.00 

0.08 

0.07 

0.04 

0.03 

10 

1.23 

1.04 

0,07 

0.03 

12 

1.18 

1.12 

1.02 

0.99 

0.04 

0.06 

0.03 

o.ot 

14 

1.07 

Lost. 

0.99 

1.00 

0.06 

0.06 

0.03 

0.03 

16 

1.33 

1.24 

1.14 

1.11 

0.07 

0.07 

0.04 

0.03 

IS 

1.22 

1.28 

0.99 

1.09 

0.06 

0.07 

0.03 

0.03 

20 

1.07 

1.41 

0.89 

1.22 

0.06 

0.08 

0.03 

0.04 

30 

1.42 

1.35 

1.31 

1.20 

0.07 

0.07 

0.03 

0.04 

40 

1.79 

1.54 

1.47 

1.41 

0.09 

0.08 

0.04 

0.03 

Average . . 

1.25 

1.26 

1.07 

1.10 

0.06 

0.07 

0.04 

0.03 
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TABLE  in. 
Percentage  Composition  of  the  Crude  Ash. 


Age. 


wke. 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
30 
40 


P2O5 


Male. 


Female, 


Average . 


Range. . 


37.07 
43.85 
45.40 
42.90 

42.00 
41.85 
42.31 
41.10 
40.60 
39.40 
45.40 


CaO 


MgO 


Male. 


31.53 
43.00 
43.10 
41.40 
42.41 
39.00 
Lost 
40.10 
41.20 
42.20 
39.95 
39.70 


40.24 
35.25 
37.50 
34.10 


35 
35 
35 
33. 
35 
36.00|34 
38.65  34 


Fe- 
male. 


Male. 


41.99 


8.33 


40.32 


11.57 


36.36 
33.30 
33.70 
36.20 
37.20 


36.23 


6.94 


30 

56 

40 

40 

.72 

.20 

.39 

10 

.30 

.50 

67 

40 


Fe- 
male. 


35.33 


1.99 
2.30 
2.26 
2.35 

2.19 

2.29 

2.1 

2.06 

2.37 

1.97 

2.31 


KiO 


Male. 


Female, 


2.16 

2.28 

2.20 

2.47 

2.44 

2.19 

2.0' 

2.19 

2.35 

2.25 

2.11 

1.98 


Lost. 
1.50 
1.13 
1.19 

1.06 
1  20 
1.15 
1.03 
1.00 
0.80 
1.01 


3.10 


2.20 


0.40 


O    '70 


0.49 


TABLE  IV. 

Oxygen  Ratios. 


Age. 


2 

4 

6 

8 
10 
12 
14 
16 
18 
20 
30 
40 

Average . 


O  of  PiOt 
O  of  CaO  +  MgU 


Male. 


1.70 
2.24 
2.20 
2.27 

2.12 
1.98 
2.12 
2.23 
2.17 
2.00 
2.22 

2.11 


Female. 


1.62 
2.19 
2.20 
2.22 
2.14 
2  07 

2.02 
2.11 
2.10 
2.04 
2  00 

2.07 


1.11 


Lost. 
1.31 
1.18 
1.10 
1.13 
1.55 
1.21 
1.13 
1.03 
1.10 
0.92 
0.86 


Undeter- 
mined. 


Male. 


20.70 
17,10 
13.71 
19.46 


Fe- 
male. 


18.75 
16.01 
18.06 
22.51 
22.33 
21.63 
14.08 


31.01 
17.85 
18.12 
21.63 
18.30 
23.06 


1.14 


0.70 


0.69 


20.48 
20.12 
17.95 
21.35 
21.06 


18.58 


8.80 


20.99 
13.16 


O  of  CaO 
O  of  MgO 


Male. 


Female. 


14.5 
11.1 
11.9 
10.5 

11.8 
12.1 
12.4 
11.6 
10.2 
13.2 
11.5 

11.9 


11.7 
11.3 
11.6 
9>7 
10.5 
11.2 
11.4 
US 
10.8 
11.7 
12.1 
13.2 

11.5 
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These  figures  show  that  rats  coming  from  a  common  parent 
stock,  having  been  similarly  fed  in  aU  cases  and  aU  having  existed 
under  identical  conditions  have  an  individual  variation  in  growth 
and  mineral  content  in  both  males  and  females  which  is  not  over- 
come when  results  are  compiled  from  the  average  of  three  of  each 
sex. 


I 
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A  STUDY  OF  THE  DISTRIBUTION  OF  IODINE  BETWEEN 
CELLS  AND   COLLOID   IN   THE   THYROm   GLAND. 

IV    THE  DISTRIBUTION  OF  IODINE  IN  THE  HYPERPLASTIC  THY- 
■      ROID  GLAND  OF  THE  DOG  AFTER  THE  INTRAVENOUS 
INJECTION  OF  IODINE  COMPOUNDS. 

By  harry  BENJ.IMIN  van  DYKE. 

(From  the  Laboratories  of  Pharmaeology,  University  of  Chicago,  Chicago.) 

(Received  for  publication,  July  20,  1922.) 

Some  years  ago  Marine  and  Feiss  (1)  and  Marine  and  Rogoff 
(2  3)  first  performed  experiments  which  leave  httle  doubt  as  to  the 
ability  of  the  dog's  thyroid  gland,  especially  when  hyperplastic 
to  bind   iodine   ahiiost  instantaneously.     Marine  and  Feiss    (1) 
carefully  perfused  the  surviving  thyroid  gland  with  flmd  con- 
taining iodine  as  KI.     They  found  that  after  1  hour  a  consider- 
able amount  of  iodine  was  taken  up  only  by  a  sumvmg  gland. 
Any  evidence  of  death  of  the  perfused  organ  was  accompanied  by 
a  loss  of  some  of  the  gland's  stored  iodine  rather  than  by  an 
absorption  of  iodine  from  the  circulating  medium.     However,  even 
a  surviving  gland,  rich  in  iodine,  lost  some  iodine  to  a  perfusing 
fluid  free  of  the  element.     In  surviving  glands  they  discovered 
that  the  amounts  of  iodine  absorbed  were  relatively  independent 
of  the  amounts  of  iodine  in  the  perfusing  fluids.     They  also  pointed 
out  that  a  similarlv  rapid  absorption  of  iodine  by  the  intact  gland 
follows  the  intravenous  administration  of  a  solution  of  KI.     From 
the  results  of  perfusions  of  spleen  and  kidney  under  similar  condi- 
tions they  concluded  that  these  organs  were  not  capable  of  taking 
up  a  significant  amount  of  iodine. 

Marine  and  Rogoff  (2)  on  the  basis  of  experiments  m  which 
thev  injected  a  solution  of  KI  intravenously  came  to  the  con- 
clusion that  the  absorption  of  iodine  by  the  gland  is  ahnost  as  great 
1  hour  after  the  injection  as  it  is  30  hours  after  the  injection. 
They  again  found  that  no  significant  amount  of  lodme  was  taken  up 
by  the  spleen  and  liver.     The  amount  of  iodine  absorbed  by  the 
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thyroid  gland  appeared  to  be  directly  proportional  to  the  degree 
of  hyperplasia  exhibited  by  the  gland.  In  a  second  communica- 
tion (3)  they  discussed  the  time  of  appearance  of  the  changes  in  the 
histology  and  physiological  activity  of  the  gland  following  the 
intravenous  administration  of  KI  solution. 

Having  found  (4)  that  there  was  relatively  httle  difference  in 
the  ratio  of  the  percentage  of  iodine  in  cells  to  the  percentage  of 
iodine  in  whole  gland  in  dog  thyroid  glands  exhibiting  great 
variations  in  histological  appearance  and  iodine  content,  I  under- 
took the  present  study  to  determine  what  effect  acute  iodization  of 
hyperplastic  thyroid  glands  has  on  the  ratio  value. 

Methods. 

As  in  the  work  of  Marine  and  Feiss,  and  Marine  and  Rogoff, 
dogs  with  thyroid  glands  usually  definitely  hyperplastic    were 
used  in  all  of  the  experiments.     Light  ether  narcosis  was  always 
employed.     All  solutions  of  KI  and  thyroid  colloid  were  injected 
into  the  femoral  vein .     Every  effort  was  made  to  section  the  glands 
as  rapidly  as  possible  after  their  removal  from  the  animal.     In 
the  making  of  the  determinations  of  the  ratio  of  the  percentage 
of  iodine  in  dried  cells  to  that  in  dried  whole  gland  the  method 
first  described  by  Tatiun  (5)  was  somewhat  modified.     To  lessen 
autolysis  as  much  as  possible  the  glands  on  removal  were  plunged 
into  Ringer's  solution  cooled  to  1-4°C.     The  glands  were  then 
carefully  cut  into  blocks  of  a  size  appropriate  for  the  floor  of  the 
freezing  microtome  and  frozen  sections  were  made  of  a  considerable 
amount  of  tissue.     The  blocks  of  tissue  cut  for  the  microtome's 
floor  as  well  as  the  cut  sections  were  suspended  in  Rmger's  solution 
cooled  to  1-4°C.     As  in  the  preceding  work  of  this  series  the  frozen 
■sections  were  cut  sufficiently  thin  so  that  practically  all   of  the 
colloid  or  intercellular  fluid  was  dissolved  out  of  the  acmi  as  soon 
as  the  sections  were  suspended  in  cooled  Ringer's  solution.     By 
centrifugaUzation  the  ceUs  were  separated  from  the  colloid  dissolved 
in  the  Ringer's  solution  and  carefuUy  dried  over  an  electric  hot- 
plate and  then  in  an  electric  drying  oven.     Control  pieces  of 
uncut  whole  gland  were  also  dried  in  the  same  manner.     Through- 
out this  paper  colloid  iodine  solutions  refer  to  cell-free  solutions  of 
thyroid  intercellular  fluids  obtained  by  the  method  just  described 
and  dissolved  in  Ringer's  solution.     In  all  of  the  experiments  the 
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quantitative  determinations  of  iodine  were  made  by  the  method 

°^  From  the  data  of  Table  I  it  can  be  seen  that  large  amounts  of 
iodine  as  KI  were  taken  up  by  hyperplastic  thyroid  glands  despite 
big  variations  in  the  dose  of  KI  (50  to  150  mg.)  and  duration  of  time 
between  injection  and  removal  of  gland  (90  seconds  to  22  hours 
and  25  minutes).     The  cooling  of  the  blocks  «f«^y^°^d  tissue  dur 
ing  the  process  of  cutting  had  Httle  effect.     Either  little  of    he 
infected  iodine  was  held  by  the  cells,  or  it  diffused  rapidly  rom  he 
cells  in  the  process  of  cutting;  for  the  iodine  conten    of  the  eel  s 
and  hence  the  ratio  of  the  precentage  of  iodine  m  ceUs  t«  the  per- 
centage of  iodine  in  whole  gland  is  considerably  ^^^^    1^^;^  ^^at 
found  in  resting  glands.     The  average  ratio  value  of  0.15  for  the 
dog  (4)  was  approached  only  in  E.xperiment  11  in  which  nearly 
24  hours  elapsed  between  the  injection  of  KI  and  the  removalof 
the  experimental  lobe.     In  this  last  case  there  are  alternative 
means  of  explanation:  more  iodine  may  have  been  bomid  by  the 
cells  bv  removal  from  the  thyroid's  interceUular  spaces,  or  the  iodine 
in  the  ceUs  was  in  a  less  diffusible  form  than  in  the  other  experi- 
ments of  the  series.     These  changes  in  the  distribution  of  lodme 
after  about  24  hours  can  be  definitely  correlated  with  Marine  and 
Rogoff's  (3)  discovery  that  20  hours  after  the  injection  of  iodine  as 
KI    markedly  hyperplastic  glands  exhibit  more  stainable  colloid 
with  some  increase  in  the  size  of  the  follicular  spaces  and  shrmkage 
in  the  height  of  the  columnar  epitheUum.  .     rr  w    tt 

In  the  experiments  the  data  of  which  are  given  m  Table  11, 
solutions  of  colloid  iodine  from  normal  dog  thyroid  glands  were 
injected  intravenously  to  determine  to  what  extent  iodine  m 
organic  combination  is  bound  by  hyperplastic  thyroid  glands 

The  iodine  of  thvroid  colloid  of  normal  ammals  is  practicaUy 
not  at  all  taken  up  by  hyperplastic  glands  after  42  to  86  minutes 
A  comparable  amount  of  iodine  in  the  form  of  KI  is  rapidlj 

Blum  and  Grutzner  (7)  found  some  hours  after  the  injection 
into  the  circulatory  system  of  fluid  pressed  from  thyroid  glands 
that  the  iodine-containing  thyroid  protein  is  spht  largely  by 
hepatic  action  into  simpler  products  with  the  formation  even 
of  iodides.  In  Experiments  12  and  13  (42  --^  86  minutes  a  ter 
intravenous  injection)  there  is  little  evidence  that  much  iodide- 


TABLE  I. 

Ratio  of  the  Percentage  of  Iodine  in  Cells  to  the  Percentage  of  Iodine  in  Whole 

Glands  in  Hyperplastic  Thyroid  Glands  of  Dogs  Receiving  an 

Intravenous    Injection    of   KI   Solution  for    Varying 

Lengths  of  Time  before  the  Removal  of  the  Glands. 
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*  Glands  and  cells  not  suspended  in  ice-cooled  Ringer's  solution. 
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15 


iodine  has  been  split  from  colloid  iodine;  for  the  hyperplastic 
thyroid  glands  present  exhibit  no  significant  change  m  lodme  con- 
tent and  yet  are  able  quickly  to  bind  any  iodine  available  as  iodide. 
In  the  experiments  reported  in  Table  III  colloid  iodine  solution 
of  animals  with  hyperplastic  glands,  each  of  which  had  received  an 

TABLE  II. 
Ratio  of  the  Percentage  of  Iodine  in  Cells  to  the  Percentage  of  Iodine  in 
Whole  Gland  in  Hyperplastic  ThyroU  Glands  of  Dogs  after  the  Intrav- 
enous Injection  of  Thyroid  Colloid  Iodine  from  ^  ormal  Dog 
ThyroU  Glands.     The  Iodine  Content  of  a  Hyperplastic 
Gland  of  a  Dog  after  the  Injection  of  a  Comparable 
Amount  of  Inorganic  Iodine  is  also  Recorded. 
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intravenous  injection  of  50  mg.  of  KI  60  minutes  before  the  removal 
of  the  thyroid  lobe  for  section,  was  injected  intravenously  as  soon 
as  possible  into  other  animals  with  hyperplastic  glands.  The 
sequence  was  as  foUows:  as  a  control,  part  of  one  lobe  was  removed; 
colloid  iodine  dissolved  in  Ringer's  solution  was  then  injected  and 
aU  but  half  of  one  lobe  resected;  a  comparable  amount  of  lodme 
as  KI  dissolved  in  a  similar  amount  of  Ringer's  solution  was  then 


16 


Iodine  in  the  Thyroid  Gland 


TABLE  III. 

Ratio  of  the  Percentage  of  Iodine  in  Cells  to  the  Percentage  of  Iodine  in  Whole 

Gland  in  Hyperplastic  Thyroid  Glands  of  Dogs  after  the  Intravenous 

Injection  of  Thyroid  Colloid  Iodine  from  Hyperplastic  Thyroid 

Glands  Iodized  but  a  Short  Time  before  Being  Sectioned. 
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* 

See  Table  I. 

injected  and  the  remaining  half  of  one  lobe  taken  out.  Much 
more  of  the  iodine  from  the  colloid  iodine  of  these  animals  was 
taken  up  than  from  the  colloid  iodine  of  normal  animals  (Table  II). 
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Even  here  considerable  iodine  as  KI  was  still  bound  by  the  glands 
which  had  taken  up  some  colloid  iodine.  These  results  suggest 
that  the  colloid  iodine,  bound  but  incompletely  synthesized  into 
active  principle,  is  in  a  more  diffusible  form  in  the  acutely  iodized 
gland  than  in  the  more  normal  resting  gland.  Moreover,  the 
incompletely  synthesized  active  principle  may  be  more  readily 
split  by  hepatic  action  (7)  into  simpler  products  (e.g.,  iodides) 
which  arc  then  bound  by  the  hyperplastic  thyroid  gland. 

Marine  and  Rogoff  (3)  declare  that  even  30  hours  after  intra- 
venous administration  of  a  solution  of  KI  very  httle  of  the  thyroid's 
active  principle,  as  measured  by  the  effects  of  thyroid  on  tadpole 
growth  and  metamorphosis,  has  been  elaborated.  The  less 
diffusible  and  less  readily  split  normal  colloid  iodine  compound 
(Table  II)  probably  represents  the  more  fully  elaborated  active 
principle. 

SUMMARY. 

The  findings  of  Marine  and  Feiss  and  Marine  and  Rogoff  that 
the  hyperplastic  thyroid  gland  of  the  dog  rapidly  binds  iodine 
intravenously  introduced  as  a  solution  of  KI  wea-e  confirmed. 

By  a  method  already  described  (5)  the  ratio  value  of  iodine  in 
cells  to  iodine  in  whole  gland  was  determined  and  found  to  be  very 
low  after  the  intravenous  injection  of  KI  solution  into  dogs  with 
hyperplastic  glands  when  those  glands  were  removed  1.5  to  60 
minutes  after  the  injection.     The  ratio  value  more  nearly  ap- 
proached the  normal  if  the  interval  elapsing  between  injection 
and  removal  of  gland  was  made  about  24  hours  instead  of  1  hour 
or  less  as  in  most  of  the  experiments.     This  finding  is  in  keeping 
with  the  histological  changes  described  by  Marine  and  Rogoff  in 
such  glands  20  hours  after  the  intravenous  injection  of  KI  solution. 
When  iodine  as  colloid  iodine  solution  of  normal  animals  was 
administered  intravenously  practically  none  of  the  colloid  iodine 
was  taken  up  by  hyperplastic  glands  during  the  periods  of  time 
used  in  these  experiments;  yet  from  an  injection  of  a  comparable 
amount  of  iodine  in  the  form  of  KI  the  ready  binding  of  ioduie  by 
similarly    hyperplastic    glands    was    proved.     Colloid   iodine    of 
hyperplastic  glands  removed  1  hour  after  the  intravenous  injection 
of  KI  solution  was  taken  up  to  some  extent  by  hyperplastic  glands; 
but  these  last  named  glands  bound  additional  iodine  as  KI  intro- 
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duced  after  the  colloid  iodine  injection.  The  incompletely 
synthesized  active  principle  is  probably  more  diffusible  and  more 
readily  spht  into  simpler  products  than  active  principle  fully 
synthesized. 
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THE  FERMENTATION  OF  PENTOSES  BY  MOLDS.* 
By  W.  H.  PETERSON,  E.  B.  FRED,  and  E.  G.  SCHMIDT. 

(From  the  Departments  of  Agricultural  Chemistry  and  Agricultural 
Bacteriology,  University  of  Wisconsin,  Madison.) 

(Received  for  publication,  May  16, 1922.) 

In  the  numerous  studies  which  have  been  carried  out  on  the 
nutritive  value  of  different  carbon  compounds  for  molds  the  forms 
most  generally  used  have  been  Aspergillus  and  Pemnllium.  It 
has  been  found  that  these  fungi  can  ferment  carbohydrates, 
alcohols,  organic  acids,  fats,  proteins,  and  many  other  substances; 
but  the  fermentation  of  the  pentoses  and  pentose-yieldmg  sub- 
stances has  been  investigated  to  only  a  Umited  extent.  The 
general  distribution  of  pentose-yielding  substances  m  nature,  and 
the  rapidity  with  which  such  compounds  must  be  broken  down 
suggests  the  possibihty  that  fungi  play  an  important  role  m  theit 

destruction.  i  j     • 

The  Uterature  on  the  subject  of  carbon  utiUzation  by  molds  is 
far  too  voluminous  to  review  in  this  paper.  Only  such  work  as 
deals  specifically  with  the  fermentation  of  the  pentoses  and  the 
general  products  of  mold  metabohsm  wiU  be  considered.  For  an 
extensive  review  of  the  Uterature  concermng  the  growth  and 
carbon  assimilation  of  the  molds,  the  reader  is  referred  to  the 
papers  of  Lafar  (1)  and  Steinberg  (2).  _ 

The  assimilation  of  carbon  from  arabinose  and  xylose  by  various 
fungi  has  been  mentioned  by  a  few  investigators.  Behrens  (3) 
in  1898  was  perhaps  the  first  one  to  note  the  favorable  effect  of 
arabinose  on  the  growth  of  PeniciUiim  glaucum  and  Botryiis  vul- 
garis. In  1901  Went  (4)  found  that  xylose  serves  as  a  good  source 
while  arabinose  is  a  poor  source  of  carbon  iov  Monilia  sitophila 
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(Mont.)  Sacc.  2  vears  later  Emmerling  (5)  found  that  Aspergillus 
niqer  assimilates  arabinose  and  xylose,  but  does  not  form  oxalic 
acid  from  these  compounds.  In  1913  Kriiger  (6)  showed  that  a 
certain  species  of  CAocosporium  can  utilize  arabinose.  Hawkms  (7) 
in  1915  carried  out  a  study  of  the  utilization  of  pentosan  and  pen- 
tc^es  by  Glomerdla  cingulata.  He  concluded  that  the  pentoses 
are  readily  utilized  bv  this  fungus;  in  fact,  arabinose  and  xylose 
seemed  better  sources  of  carbon  than  glucose.  From  this  brief 
review  it  is  evident  that  but  Uttle  attention  has  been  paid  to  the 
utilization  of  the  pentoses,  the  products  formed,  and  the  relation 
of  these  products  to  one  another  and  to  the  sugar  consumed. 

As  a  means  of  measuring  mold  activity  one  or  more  of  the 
following  indices  have  been  used  by  most  investigators:  weight 
of  myceUum  formed,  carbon  dioxide  produced,  or  sugar  con- 
sumed Of  these  three  the  first  is  the  one  most  commonly  used. 
The  weight  of  mycelium  is  greatly  influenced  by  the  conditions  of 
growth  and  the  Icind  of  fungus,  but  under  normal  conditions  the 
common  molds  consume  about  3  gm.  of  sugar  in  the  production  of 
1  gm  of  dry  fungus.  Wcimer  and  Barter  (8),  however,  report  an 
extreme  case  where  29  gm.  of  glucose  were  required  to  produce  1 
em  of  f  uno-us  Since  the  elementary  composition  of  dry  fungus  and 
the  compound  fermented  are  different.  Waterman  (9)  compared 
the  two  on  the  basis  of  their  carbon  content.  From  the  common 
sugars  he  recovered  about  35  per  cent  of  the  carbon  in  the  mold 
pad.  He  termed  this  percentage  the  "plastic  eqmvalent  of  the 
fermented  compound. 

\lthough  carbon  dioxide  is  generally  recognized  as  the  duel 
fermentation  product  formed  by  fungi,  comparatively  few  deter- 
minations of  the  quantity  of  gas  evolved  are  found  m  the  literature 
(10)  Expressed  as  the  weight  of  carbon  dioxide  to  weight  ot 
fungus,  respiratory  coefficient,  a  ratio  of  approximately  2  has  been 
found  by  a  nmnber  of  investigators.  Of  the  carbon  contained  in 
the  fermented  compound  from  50  to  70  per  cent,  depending  on  the 
fungus  and  the  conditions  of  growth,  are  recovered  m  the  carbon 

'°in  the  experimental  part  of  this  paper  the  destruction  of  sugar 
has  been  used  as  a  guide  in  the  selection  of  pentose-fermentmg 
molds  The  molds  thus  selected  have  been  used  for  a  more 
extended  study  of  mycelian  growth  and  carbon  dioxide  evolution. 
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TABLE  I. 
Rale  of  Fermentation  of  Arabinose  and  Xylose  by  Various  Molds. 
Medium  contained  2  per  cent  of  sugai\ ^ 


Name. 


10 

A.  flavus. 

14 

it          a 

15 

It           It 

16 

"  furnigatus. 

17 

It        it 

13 

"   globosus  V. 

5 

"   niger. 

11 

it        tt 

24 

"   oryzx. 

12 

"  repens. 

1 

"   sp. 

4 

tt       tt 

21 

tt        It 

22 

tt        it 

26 

P.  cainemherti. 

6 

"   glaucum. 

7 

tt        tt          j_ 

25 

"   Toqxiejorii, 

18 

"   sp. 

20 

it    (( 

23 

tt      ti 

9 

tt      It 

19 

tt     tt 

8 

Rhizopus     nigricans 

9 

CunninghanieUa  sp. 

Sugar  present  after 


73hrs. 


93  hrs. 


per 

cent 

0.04 
0.21 
0.87 
1.20 
1.60 

0.00 
0.00 


per 
cent 

0.70 
1.19 
0.29 
0.77 


1.03 

0.37 
1.33 


0.67  1.25 


0.00 
0.25 


0.82 
0  00 
1.13 


0.80 


per 
cent 

0.00 
0.00 
0.00 
0.92 
1.05 


0.84 
1.35 
1.00 
0.00 
1.19 
0.30 


0.80   0  50 
1.40    1.54 


per 
cent 

0.09 
0.05 
0.00 
0.14 
0.83 
1.90 

0.00 
1.56 
1.72 
0.00 

0.38 
0.30 

0.00 


1.65 
1.63 


1.16 


142  hrs. 


per 
cent 


0,00 


1.95 


per 
cent 


0.00 
0.00 
1.71 


1.61 

1.53 

1.61 

1.61 

1.58 

1.82 

0.00 
0.00 
0.06 

0.00 
0.00 
1.86 
0.00 
0.97 
1.89 
1.52 
1.82 
1.82 
1.49 
1.37 
1.80 
1.80' 


309  hrs. 


per 
cent 


1.72 


0.00 
1.59 


0.00 
0.00 
1.80 

0.28 
1.68 
1.15 
1.33 
1.05 
0.00 
1.56 
1.80 


1.85 

0.00 

1.85 
0.40 
0.93 
1.29 
0.07 
0.77 
1.80 
Lost. 


per 
cent 


1.02 


0.19 


1.70 


0.36 
0.00 
0.00 
0.00 

0.61 
1.70 
1.20 
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EXPERIMENTAL. 

The  molds  used  in  this  work  were  from  laboratory  stock  cultures 
or  were  secured  from  E.  M.  Gilbert  of  the  Botany  Department, 
from  iSIiss  Audrey  Richards  of  the  Forest  Products  Laboratory, 
and  from  Parke,  Davis  and  Company.  Altogether  25  cultures 
were  studied  representing  Aspergillus,  PeniciUium,  and  Mucor 
forms.  For  many  helpful  suggestions  the  authors  are  indebted  to 
J.  B.  Overton  and  to  E.  M.  Gilbert  of  the  Department  of  Botany, 
Universitv  of  Wisconsin. 

After  many  kinds  of  nutrient  solutions  were  tried,  the  one 
recommended  by  J.  B.  Overton  was  found  most  satisfactory. 
Except  in  the  study  of  citric  acid  production,  this  nutrient  solution 
was  used  in  all  fermentations.  The  composition  of  the  Overton 
medium  is  as  follows: 

cc. 

•4     *  ...  250 

M  ammonium  nitrate 

M  monobasic  potassium  phosphate 

M  magnesium  sulfate 

M  ferric  chloride 

Distilled  water 

The  individual  salts  were  made  up  in  quantities  sufficient  to  cover 
a  series  of  experiments.  Each  stock  salt  solution  was  kept  in  a 
separate  flask  and  was  combined  with  the  others  as  needed.      _ 

Sugar  was  dissolved  in  water  to  yield  a  4  per  cent  solution. 
In  the  preliminary  experiments,  100  cc.  Erlenmeyer  flasks  were 
used  10  cc.  of  the  salt  solution  were  placed  in  each  flask  which 
was  then  plugged  with  cotton  and  sterilized  for  1  hour  under  20 
pounds  of  steam.  The  sugar  solution  was  stenhzed  in  a  similar 
manner,  and  10  cc.  were  transferred  with  a  sterile  pipette  mto 
each  of  the  flasks,  making  20  cc.  of  a  2  per  cent  sugar  solution. 
These  culture  solutions  were  about  1  cm.  deep.  The  cultures  were 
inoculated  with  the  mold  spores  and  incubated  at  28  L.  At 
various  intervals  observations  of  the  growth  of  the  fungi  and 
determinations  of  the  unfermented  sugar  were  made. 

The  Rate  of  Fermentation  of  Arabinose  and  Xylose  hy  Various  Molds. 

A  hst  of  the  moldsi  and  the  percentages  of  arabinose  and  xylose 
that  remained  unfermented  at  the  end  of  certain  intervals  of  time 

1  The  term  molds  is  used  to  include  Aspergillus.  PeniciUium,  and  Mucor. 
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are  given  in  Table  I.  Of  the  25  molds  tested,  16  made  a  fair  to 
rapid  growth,  9  grew  slowly,  and  3  or  4  of  these  produced  only  a  few 
mycelian  threads.  The  Aspergillus  niger  strains  are  especially 
active  in  the  destruction  of  the  pentoses.  With  the  exception  of 
PenicilUum  glaucum  the  Penicillia  break  down  the  pentoses  only 
slowly  and  in  the  case  of  certain  species  are  almost  inactive.  The 
two  Mucors  showed  but  little  power  to  ferment  the  pentoses. 

The  two  pentoses  are  apparently  equally  available  to  the  molds. 
With  the  slow  fermenting  molds,  xylose  appears  to  be  somewhat 
more  rapidly  utiKzed  than  arabinose. 

A  Comparison  of  the  Rate  of  Fermentation  of  Xylose,  Arabinose,  and 

Glucose. 

In  this  series  it  was  planned  to  compare  the  fermentability  of 
the  pentoses  with  a  well  known  hexose.  It  was  felt  that  possibly 
some  of  the  molds  would  break  down  the  pentoses  faster  than 
glucose.  This  condition  has  been  found  to  obtain  with  certain 
bacteria  which  are  characteristically  pentose-fermenters  (11). 
Only  the  most  vigorous  of  the  molds  were  used  in  this  series. 

In  order  to  give  a  longer  time  for  comparison  a  4  per  cent  solution 
of  the  sugars  was  used  in  each  case,  and  the  cultures  were  analyzed 
for  sugar  as  soon  as  growth  was  apparent.  To  follow  closely  the 
rate  of  fermentation  frequent  analyses  were  run.  The  results  of 
of  these  analyses  are  given  in  Table  II. 

An  examination  of  the  data  in  Table  II  shows  that  the  destruc- 
tion of  glucose  was  more  rapid  than  that  of  either  of  the  pentoses. 
In  one  case,  Culture  21,  xylose  seems  to  have  disappeared  more 
rapidly  than  glucose.  Of  the  two  pentoses,  arabinose  appeared 
to  be  slightly  superior  for  the  first  period,  48  hours,  but  at  the  end 
of  70  hours  the  xylose  cultures  were  ahead  in  every  case.  This 
superiority  continues  throughout  all  of  the  subsequent  analyses 
until  the  end  of  the  fermentation  period.  Some  of  the  molds 
proved  to  be  slow  fermenters  of  the  pentoses,  especially  of 
arabinose.  Even  at  the  end  of  8  to  10  days  there  was  still  1  per 
cent  of  sugar  unfermented. 


\ 
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T.VBLE  II. 


A  Comparison  0/  the  Rale  of  Fermenlation  of  Xylose,  Arabinose,  and  Glucose 

by  Various  Molds. 
Medium  contained  4  per  cent  of  sugar. 


Cul- 

Name. 

Sugar 
fermented. 

Sugar  present  after 

ture 
No. 

48 
hr8. 

70 
hrs. 

95 
hrs. 

119 
hrs. 

143 
hra. 

167 
hra. 

215 
hrs. 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

15 

A.  flavus. 
It           ti 

It           tt 

Xylose. 

Arabinose. 

Glucose. 

3.91 
3.14 
3.14 

2.15 

2,87 
0.96 

0.33 
2.06 
0.03 

0.00 
0.00 

0.07 

0.00 

16 

"  fumigalus. 
tt          tt 

tt          tt 

Xylose. 

Arabinose. 

GluQose. 

3.47 
3.26 
3.15 

2.25 
3.20 
1.69 

0.40 
2.92 
0.29 

0.00 
0.00 

1.64 

0.85 

5 

"    niger. 
tt          tt 

tt          tt 

Xylose. 

Arabinose. 

Glucose. 

3.48 

2.87 
3.14 

0.13 
1.28 
0.04 

0.00 
0.00 
0.00 

11 

tt          11 
tt          tt 
tt          It 

X3'lose. 

Arabinose. 

Glucose. 

3.45 
2.94 
2.94 

0.53 
1.31 
0.16 

0.00 
0.03 
0.00 

0.00 

24 

"   oryzce. 
tt          tt 

tt          tt 

Xylose. 

Arabinose. 

Glucose. 

2.95 

3.56 

2.84 
1.65 

3.08 
0.36 

1.89 
0.00 

1.77 

0,00 
0,57 

12 

"   repens. 
it          tt 

It          tt 

Xylose. 

Arabinose. 

Glucose. 

3.35 

3,53 

2,12 
2.95 

1.92 

2.04 
1.71 

1,19 
2,00 
0,00 

21 

'•    sp. 
tt       tt 

tt       tt 

Xylose. 

Arabinose. 

Glucose. 

3.33 

3.10 
3.19 
3.47 

0,90 

1,87 
1,7C 

1.34 

0.00 
0.00 
0.00 

6 

P.  glaucum. 
tt          tt 

tt          tt 

Xylose. 

Arabinose. 

Glucose. 

3.K 

2.81 
2.8C 

2.2e 

1.41 
2.5C 
0.9C 

0.09 
) 
»   O.OC 

0,0c 
1,45 

0.7C 

0.00 
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2  per  cent  of  xylose  in  the  nutrient  solution  was  placed  m 
Erlenmeyer  flasks  and  inoculated  with  various  molds.  In  one 
series,  Cultures  1,  2,  and  4,  50  cc.  of  medium  m  150  cc^  flasks 
were  used,  and  in  another  series,  Cultures  5,  6,  and  7  100  cc^  m 
300  cc.  flasks.  After  practicaUy  aU  of  the  sugar  had  been  des- 
troyed, the  pads  of  mold  growth  were  carefully  removed  from  the 
flasks,  placed  on  a  filter,  and  washed  with  water  to  remove adhenng 
salts.  The  pads  were  dried  in  the  oven  at  100°C.  and  weired. 
The  data  are  given  in  Table  III.  The  growth  of  PemaMmm 
glaucum  is  less  profuse  than  that  of  Aspergilh<^  mger  This  is 
evident  to  the  naked  eye,  and  it  is  also  indicated  by  the  dry  weight 
of  the  pads. 

TABLE  III. 
Relation  of  Mold  Growth  to  Xylose  Consumed. 


Culture  No. 

Name. 

Age. 

Weight  of  pad. 

Economic 
coefficient. 

days 

gm. 

1 

A.  sp. 

(C        it 

9 
9 

0.778 
0.519 

2.56 
3.85 

4 
5 
6 

"  niger. 

9 
9 

0.918 
0.763 

2.18 
2.62 

P.  gla-ucum. 

10 

0.548 

3.65 

7 

II         <i 

11 

0.620 

I 


The  fermented  solutions  were  tested  for  acidity,  but  no  titratable 

acid  was  found,  nor  was  any  decided  change  found  in  the  hydrogen 

ion  concentration  of  the  solution. 

Relation  of  Carbon  Dioxide  and  Mold  Growth  to  Sugar  Consumed. 
In  this  experiment  the  quantity  of  carbon  dioxide  and  the 

weight  of  the  mold  pad  were  determined.  The  fermentation  was 
conducted  in  a  closed,  system  through  which  a  slow  current  of 
carbon  dioxide-free  air  was  drawn.  The  carbon  dioxide  evolved 
by  the  molds  was  absorbed  in  30  per  cent  potassium  byjoxide 
and  determined  by  double  titration  according  to  the  method  ot 
Scales  (12). 
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As  a  check  on  the  Scales  method,  CO,  was  also  detenaincd  by 
the  gasometric  method  of  Van  Slyke  (13).  In  the  first  experiment 
each  fermentation  flask  contained  100  cc.  of  a  2  per  cent  xylose-salt 
solution.  Three  molds,  Nos.  1,  5,  and  6,  were  used  in  this  fermen- 
tation, which  was  carried  out  in  a  warm  room  at  about  25°C. 
Good  growth  was  obtained  in  all  the  flasks.  After  4  days  the 
surface  was  well  covered,  and  in  the  case  of  No.  5  black  spores 
began  to  appear.  After  14  days  the  train  was  taken  down,  the 
pads  were  removed,  washed,  dried,  and  weighed.  The  data 
are  given  in  Table  IV. 

If  the  carbon  in  the  carbon  dioxide  is  compared  with  that  con- 
tained in  the  xylose,  it  will  be  found  that  62,  59,  and  60  per  cent, 
respectively,  of  the  carbon  in  the  xylose  has  been  converted  into 

TABLE  IV. 

Relation  of  Carbon  Dioxide  Production  and  Weight  oj Mold  Growth  to  Xylose 

Fermented. 


Experi- 
ment 
No. 

Cul- 
ture 
No. 

Name. 

Arc  of 
cul- 
ture. 

Xylose 

fer- 
mented. 

Carbon 
dioxide. 

Weight 
of  pad. 

Respir- 
atory 
coeffi- 
cient. 

Eco- 
nomic 
coeffi- 
cient. 

days 

gm. 

gm. 

gm. 

1 

1 

A.  sp. 

14 

2.00 

1.806 

0.564 

3.2 

3.6 

o 

5 

"    niger. 

14 

2.00 

1.716 

0.690 

2.5 

2.90 

3 

6 

P.  glaucum. 

14 

1.47 

1.288 

0.400 

3.2 

3.77 

carbon  dioxide.  This  percentage  relation  was  designated  by 
Waterman  as  the  respiratory  equivalent,  and  was  shown  by  him  to 
vary  with  the  age  of  the  mold.  In  the  early  stages  a  large  pro- 
portion of  the  carbon  is  stored  in  the  pad.  After  all  the  sugar  has 
been  consumed,  the  cells  draw  upon  that  stored  in  the  mycelian 
growth  until  they  become  almost  inactive. 

Rate  of  Carbon  Dioxide  Production  and  Distribution  of  Carbon  in 
the  Products  of  Fermentation. 

Fermentation  by  Aspergillus  niger,  No.  5.— A  1,000  cc.  Erlen- 
meyer  flask  with  2  per  cent  of  xylose  dissolved  in  the  medium  was 
used  in  these  experiments.  Before  the  gas  was  passed  into  the 
alkali  solution,  it  was  drawn  through  concentrated  sulfuric  acid  in 
order  to  remove  any  traces  of  alcohol  that  might  be  produced. 
Instead  of  potassium  hydroxide,  a  0.4  n  solution  of  barium  hydrox- 
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ide  was  used  as  the  absorbent.  At  approximately  c^.ly  intervals 
thlreceiving  bottle  wasremoved,andtheabsorbedCO.determmed 

by  t  tration  From  the  data  in  Table  V  it  is  seen  that  evolution  of 
gas  Lgins  after  24  hours  .nd  increases  rapidly  untd  a  max.mu^ 
fs  reached  and  then  gradually  decUnes.  The  maximiun  CO, 
prolction  is  reached  within  3.r  4  days  after  the  mycehum  covers 
the  surface  of  the  Uquid.  „.^„+ori  hv 

The  percentage  of  the  total  carbon  of  the  -y]^^X'^''''^''^^^l 
the  CO.  varies  somewhat.  Where  all  the  sugar  has  been  destroyed, 
TamLts  to  41  per  cent  in  Experiment  4,  and  42  per  cent  m 

TABLE  V. 


Experiment  4. 

Experiments. 

Aee  of 

COi  evolved. 

Sugar 
fermented. 

Age  of 
culture. 

CO2  evolved. 

Sugar 

Rate. 

Total. 

culture. 

Rate. 

Total. 

hrs. 

gm. 

gm. 

gm. 

hrs. 

gm. 

gm. 

gm. 

24 

48 

0.004 
0.0.50 

0.054 

69 
90 

0.060 
0.332 

0.060 
0.392 

72 

0..300 

0.354 

114 

0.339 

0.731 

76 

94 
120 
148 
172 

0.106 
0.405 

0.460 
0.865 

144 
185 

0.500 
0.733 

1.231 
1.964 

3.21 

0.6.52 
0.312 
0.250 

1.517 
1.829 
2.079 

2.46 
3.42 

280 
405 
671 

0.364 
0.150 
0.093 

2.328 
2.478 
2.571 

3.21 

t  of  pad 

.1.430  gm 

Weigh 

t  of  pad 

.1.034  gm. 

Weigh 

Experiment  5.     Wlien  CO^  evolution  has  practicaUy  ceased  as  in 

Experiment  5,  the  carbon  represented  by  the  gas  was  55  per  cent 

of  the  total  carbon  of  the  xylose.  ,•,+,„ 

During  the  fermentation  the  sulfuric  acid  through  which  the 

gas  was  passed  became  gradually  darker  in  color  until  at  the  end 

of  the  fermentation  it  was  ahnost  black.     After  oxidation  with 

potassium  dichromate  the  solution  was  distilled,  but  no  volatile 

acid  was  obtained  and  hence  no  alcohol  had  been  absorbed  during 

the  aspiration.     The  discoloration  of  the  acid  was  due  to  some 

volatile  organic  substance.     It  is  not  improbable  that  the  substance. 

which  produces  the  well  known  odor,  so  characteristic  of  molds, 

was  the  cause  of  the  discoloration. 
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The  fermented  liquid  was  examined  for  alcohol  and  volatile  acid 
but  none  was  found.     A  small  quantity  of  non-volatile  acid  was 
Ob  Lined  by  extracting  the  residue  from  the  volatde  acid  determi- 
nation with  ether,  but  the  amount  was  too  small  to  permit  of 

"' ThfcuilTs  given  in  Fig.  1  show  graphically  the  rate  of  carbon 
dioxide  production  and  are  drawn  from  calculations  made  on  the 
basis  of  100  cc.  Since  portions  of  the  fermenting  solution  were 
removed  at  irregular  intervals,  it  is  not  possible  to  construct 
curves  directly  from  the  data  given  m  the  tables. 

TABLE  VI. 
Evolution  of  Carbon  Dioxide  from  Xylose  by  Penicillium  glav^um,  No.  6. 

Experiment  7. 


Experiment  6. 


Age  of 
culture. 


hrs. 

48 
55 
77 
97 
125 
151 
169 
193 
216 


CO!  evolved. 


Rate. 


gm. 
0.176 
0.181 

0.571 
0.650 
0.833 
0.455 
0.268 
0.244 
0.243 


Total. 


am. 
0.176 
0.357 
0.928 
1.578 
2.411 
2.866 
3.134 
3.378 
3.621 


Sugar 
fermented. 


Age  of 
culture. 


4.60 


hrs. 

47 
69 
90 
114 
144 
185 
280 
405 
671 


COj  evolved. 


Rate. 


gm. 
0.150 
0.402 
0.713 
0.588 
0.537 
0.493 
0.209 
0.074 
0.094 


Total. 


gm. 
0.1.50 
0.552 


265 
853 
,390 
,883 
,092 
.166 
.260 


Sugar 
fermented. 


gm. 


3.21 


3.21 


Weight  of  pad 1 ,433  gm. 


Weight  of  pad 0.730  gm. 


Fermentation  by  PemciUium  gZaucwm.-Two  experiments  similar 

to  those  with  Aspergillus  niger  were  carried  out  with  PemaUnm 

glaucum.     A  comparison  of  the  two  molds  shows  that  Pemcdhum 

gMicum  produced  a  smaller  weight  of  pad,  but  a  larger  quantity 

of   carbon   dioxide.     Expressed   in   figures   Pemalhum   glaucum 

produced  about  70  per  cent  as  much  growth  as  Aspergillus  mger 

but  25  per  cent  more  carbon  dioxide.     Evidently  cellular  activity 

is  much  greater  in  the  case  of  PenieMium  glaucum.     Shghtly 

higher  figures  were  also  obtained  for  the  percentage  of  total  carbon 

represented  by  the  carbon  dioxide.     At  the  time  aU  of  the  sugar 

was  destroyed  (Experiment  7),  the  figure  was  62  per  cent  and 
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at  the  end  of  the  experiment  the  figure  had  risen  to  70  per  cent. 
The  data  arc  given  in  Table  VI. 

The  fermented  hquid  was  examined  for  other  products  such  as 
alcohol  and  volatile  acid,  but  neither  of  these  was  found.  During 
the  fermentation  a  slight  acidit.v  developed  which  seemed  to  be 
due  to  non-volatile  acids,  but  the  amount  was  too  small  to  show 
any  positive  tests  for  either  oxalic  or  citric  acid. 

A  noticeable  difference  between  the  two  molds  was  the  failure 
of  the  gases  from  PcnicilUiirn  glauciim  to  discolor  sulfuric  acid. 
It  apparently  does  not  give  off  a  volatile  compound  such  as  is 
produced  by  Aspergillus  niger. 

Elementanj  Composition  of  Mycelium. 

In  order  to  determine  the  disposition  of  sugars  in  the  metaboKsm 
of  molds  and  other  oxidizing  organisms,  a  carbon  balance  is  neces- 
sary. An  elementary  analysis  of  carbon  and  hydrogen  was  made 
by  combustion  in  an  atmosphere  of  oxygen.  The  nitrogen  was 
later  determined  by  the  Kjeldahl  method. 

In  the  combustion  of  the  mold  growth,  considerable  difficulty 
was  at  first  experienced  in  getting  dupUcate  determinations.  After 
several  trials  it  was  found  that  by  using  potassium  chromate  in 
the  combustion  tube  and  by  heating  the  sample  very  slowly  in  a 
current  of  oxygen  complete  oxidation  of  the  material  occurred, 
and  good  dupHcate  determinations  were  secured. 

At  the  end  of  the  combustion  the  boat  was  weighed  to  determine 
the  unburned  residue  or  ash,  and  the  figures  thus  obtained  are 
included  in  Table  VII. 

In  general  Penicillium  glaucum  contains  a  higher  percentage  of 
carbon,  hydrogen,  nitrogen,  and  ash  than  Aspergillus  niger.  This 
is  particularly  true  for  carbon  where  the  average  is  49  per  cent 
for  Penicillium  glaucum,  and  46  per  cent  for  Aspergillus  niger. 
Smaller  difTerences  appear  in  the  figures  for  hydrogen,  nitrogen, 
and  ash,  but  the  difference  in  all  cases  is  in  favor  of  Penicillium 
glaucum. 

Balance  of  Products.— From  the  data  given  in  Tables  IV,  V,  VI, 
and  VII  for  xylose  consumed,  carbon  dioxide  produced,  and 
weight  and  percentage  composition  of  the  mycelium,  a  carbon 
balance  can  be  calculated.  The  results  are  given  in  Table  VIII 
and  show  that  from  90  to  95  per  cent  of  the  carbon  of  the  xylose 
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is  accounted  for  by  the  carbon  dioxide  and  mycelium  The 
remainder  may  be  accounted  for  by  dissolved  carbon  dioxide, 
organic  acids,  and  other  fermentation  products.  _  Maz6  m  four 
experiments  with  Eurotyopsis  gayoni  recovered  in  the  metabo- 
Usm  products  from  88  to   97  per  cent  of  the  carbon.     In  the 

TABLE  VII. 
Elementary  Composition  of  Mycelium. 


Name. 

Age  ot 
culture. 

Referred 
from 
Table. 

Carbon. 

Hydrogen. 

Nitrogen. 

Ash. 

days 

per  cent 

per  cent 

per  cent 

per  cent 

A.  niger,  No.  4. 
"   sp..  No.  1. 
"   niger.  No.  5. 
"        "        "    5. 

9 
14 
14 

7 

IV 
V 
V 

VI 

46.9 
47.3 
46.0 

44.5 

8.00 
7.76 
6.97 
7.18 

4.6 
4.7 
4.2 
4.5 

4.0 
5.6 
6.4 

"        "        "    5 

28 

VI 

45.4 

4.2 

P.  glaucum,  No.  6. 
"          "            "    6 

14 
9 

V 
VII 

46.3 
50.7 

7.50 

7.44 

5.0 

5.7 

5.9 
7.5 

"          "           "    6. 

29 

VII 

49.7 

8.03 

5.9 

4.5 

TABLE  VIII. 
Balance  between  Carbon  of  Xylose  and  Carbon  of  Products. 


Ajre  of 

Re- 
ferred 
from 

Carbon  contained  in 

Carbon 

Name. 

Total 

ered. 

Table. 

Xylose. 

COj 

lium. 

products. 

days 

gm. 

gm. 

gm. 

gm. 

per  cent 

A  sp..  No.  1. 
"   niger.  No.  5. 

t!            <1             "       5 

14 

V 

0.80 

0.493 

0.267 

0.760 

95.0 

14 

7 

V 
VI 

0.80 
1.37 

0.468 
0.568 

0.317 
0.636 

0.785 
1.214 

98.0 
88.0 

"       "        "    5 

28 

VI 

1.28 

0.702 

0.469 

1.271 

91.0 

P.  glaucum,  No.  6. 
«         11           "    g 

14 
9 

V 
VTT 

0.59 
1.84 

0.351 
0.989 

0.185 
0.727 

0.536 
1.715 

91.0 
93.0 

"         "           "    6. 

28 

VII 

1.28 

0.890 

0.363 

1.253 

98.0 

single  experiment  which  he  carried  out,  Waterman  obtained^ 
figure  of  96  per  cent.  The  close  approach  to  100  per  cent  is  m 
harmony  with  previous  evidence  indicating  the  absence  of  any 
appreciable  quantities  of  oxaUc  or  citric  acids. 

A  comparison  of  the  28  day  cultures  of  the  two  molds  shows  the 
same  relations  as  have  abeady  been  noted,  namely  more  carbon 
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converted  into  carbon  dioxide,  and  less  into  mycelium  by  Penicil- 
lium  glaucum  than  by  Aspergillus  niger. 

Ratws  of  Products  to  One  Another  and  to  Sxigar  Consumed. — The 
relations  existing  between  the  products  of  metaboUsm  and  the 
compound  fermented  have  been  expressed  by  means  of  various 
ratios  or  percentages.  Such  terms  as  respiration  coefficient, 
economic  coefficient,  plastic  equivalent,  and  respiration  equivalent, 
have  been  introduced  into  the  literature.  Some  confusion  and 
lack  of  uniformity  in  the  employment  of  these  terms  exist.  In 
order  to  make  perfectly  clear  the  meaning  given  to  these  terms  in 

TABLE  IX. 

Relations  of  Metaholism  Products  to  One  Another  and  to  Sugar  Consumed. 


A. 

A. 

liger,  No.  5. 

P.  glaucum^  No.  6. 

No.  1. 

Age  of  culture,  days 

14 

14 

7 

28 

14 

9 

28 

Respiration      coefficient, 

wt.  of  CO; 

3.2 

2.5 

1.5 

2.5 

3.2 

2.5 

4.5 

wt.  of  dry  fungus 

Economic      coefficient, 

wt.  of  .xylose  consumed 

3.6 

2.9 

3.5 

2.4 

3.7 

3.2 

4.4 

wt.  of  dry  fungus 

Respiration     equivalent, 

CofCO, 

62 

59 

41 

55 

60 

54 

70 

C     of     xylose 

Plastic  equivalent, 

Oof  fungus      ^f)o 

33 

40 

47 

36 

31 

39 

28 

C  of  xylose 

this  paper,  a  formula  is  placed  at  the  head  of  each  column  in  Table 
IX  to  show  how  the  different  values  were  obtained.  The  calcula- 
tions are  based  on  the  data  of  Tables  IV,  V,  VI,  and  VIII. 

The  respiration  coefficient  increases  and  the  economic  coefficient 
decreases  with  the  age  of  the  culture.  Both  ratios  are  greater 
for  Penicillium  glaucum  than  for  Aspergillus  niger  and  express  by 
means  of  a  number  the  more  profuse  growth  of  Aspergillus  niger. 

Perhaps  the  most  interesting  relations  are  found  in  the  percen- 
tages of  carbon  converted  into  carbon  dioxide,  and  into  mold 
growth.  As  is  to  be  expected,  the  respiration  equivalent  in- 
creases and  the  plastic  equivalent  decreases  with  the  age  of  the 
culture.     In  the  early  stages  of  growth,  the  mold  stores  a  consider- 
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able  quantity  of  carbon  material  in  the  cells,  and  later  converts 
this  material  into  carbon  dioxide  and  other  products.  The 
respiration  equivalent  is,  therefore,  inversely  proportional  to  the 
plastic  equivalent. 

SUMMAHY. 

Of  the  25  species  of  molds  studied  16  were  found  to  ferment  the 
pentoses  with  rapidity.  Most  of  the  remaining  9  cultures  grew 
slowly  although  3  or  4  produced  only  a  few  mycehan  threads. 
The  best  fermenters  were  found  among  the  Aspergilli  and  Pemalha 
species  although  a  number  of  molds  of  these  types  attacked  the  _ 
pentoses  but  slowly.  The  Mucors,  Rhizopus  nigricans,  and 
Cunninghamella,  were  also  found  to  be  very  slow  fermenters. 
From  thes'e  results  it  is  suggested  that  pentoses  might  be  of  con- 
siderable value  in  the  separation  and  classification  of  fungi. 

4  or  5  days  sufficed  for  the  complete  destruction  of  4  per  cent 
solutions  of  the  sugars  with  the  most  a9tive  forms  of  Aspergillus 
and  Penicniimn.  No  marked  difference  manifested  itself  in  the 
rates  of  fermentation  of  the  two  pentoses.  With  the  slower 
growing  molds,  xylose  seemed  to  be  sUghtly  superior  to  arabmqse. 
Compared  with  glucose  the  two  pentoses  were  fermented  some- 
what less  rapidly. 

Carbon  dioxide  and  mycelium  represented  the  major  portion 
of  the  sugars  consumed.  Caa-bon  dioxide  represented  from  40  to 
70  per  cent  and  myceUum  from  28  to  47  per  cent  of  the  carbon  of 
the  xylose.  In  these  two  products  is  recovered  from  88  to  98  per 
cent  of  the  total  carbon  consumed. 

The  percentage  of  total  carbon  represented  by  carbon  dioxide 
varied  with  the  species  and  age  of  the  mold.  Penicillium  glaucum 
produced  about  70  per  cent  as  much  myceUum  as  Aspergillus 
niger  and  about  25  per  cent  more  carbon  dioxide.  The  rate  of 
evolution  of  carbon  dioxide  production  was  also  faster  with 
Penicillium  glaucum.  The  maximum  rate  of  carbon  dioxide 
production  was  reached  3  or  4  days  after  the  surface  of  the  Uquid 
became  well  covered  with  mycelium. 

A  small  quantity  of  non-volatile  acid  was  formed,  but  the 
amount  was  insufficient  for  identification.  Tests  for  oxalic  and 
citric  acids  were  negative.  No  alcohol  or  volatile  acid  could  be 
detected. 
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Aspergillus  niqcr  produced  a  substance  volatile  at  room  tem- 
perature, which  discolored  sulfuric  acid.  This  discoloration  may 
be  due  to  the  substance  which  gives  the  mold  its  characteristic 
odor      Penidllium  glaiicum  did  not  produce  any  such  substance. 

An  analysis  of  the  dry  fungus  showed  that  Penidllium  glaucum 
contained  more  carbon,  hydrogen,  nitrogen,  and  ash  than  Aspergtl- 
lus  niger.  The  most  marked  difference  was  found  m  the  carbon 
content-  49  per  cent  for  Penidllium  glaucum  and  46  per  cent  for 
Aspergillus  niger.  About  5  per  cent  of  nitrogen  in  the  dry  fungus 
indicates  the  presence  of  a  considerable  quantity  of  orgamc 
nitrogenous  material  in  the  mold  growth.  The  ash  content  was 
also  found  to  be  about  5  per  cent. 
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THE  INFLUENCE  OF  THE  SODIUM  ION  IN  THE  PRODUC- 
TION OF  TETANY.* 

Bt  FREDERICK  F.  TISDALL. 
{From  the  Nulrilional  Research  Laboratories  of  the  Hospital  for  Sick  Children 
and  the  Department  of  Pediatrics,  University  of  Toronto, 
Toronto,  Canada.) 

(Received  for  publication,  July  15,  1922.) 

Binger  (1)  in  1917  reported  the  production  of  tetany  in  dogs 
by  the  intravenous  injection  of  o-phosphates.  He  concluded  as 
follows. 

"When  the  phosphate  solution  is  injected  in  amounts  equivalent  to  150 
mgm  phosphorus  per  kilogram  (of  body  weight)  the  serum  calcium  drops 
from  its  normal  level  of  10  mgm.  per  100  cc.  to  approximately  6  mgm. 

"At  this  level  a  condition  of  tetany  supervenes,  provided  the  neutral 
or  alkaline  salts  have  been  injected.  With  acid  phosphate  solutions,  the 
calcium  drop  occurs  unaccompanied  by  tetany." 

Jeppsson  and  Hercher  (2)  produced  electrical  excitabiUty  in 
both  animals  and  children  by  feeding  large  amounts  of  alkahne 
phosphates  and  Howland  and  Marriott  (3)  and  others  have 
reported  the  production  of  tetany  by  the  oral  or  intravenous 
administration  of  sodium  bicarbonate.  In  a  study  of  the  mor- 
ganic  constituents  in  the  serum  of  infants  with  tetany  it  was 
found  by  Kramer,  Tisdall,  and  Howland  (4)  that  the  concentra- 
tion of  sodium  in  the  serum  was  essentiaUy  unaltered.  These 
authors  found  a  diminished  calcium  content  of  the  serum,  which 
they  considered  was  the  cause  of  the  increased  irritability  of  the 
neuromuscular  mechanism.  Colhp  and  Backus  (5)  and  later 
Grant  and  Goldman  (6)  and  others  produced  tetany  in  the  adult 
by  prolonged  voluntary  hyperpnea.  No  diminution  m  the  cal- 
cium content  of  the  serum  was  found  by  the  latter  investigators. 

*  The  author  is  indebted  to  the  Committee  of  Experimental  Research 
in  Medicine  of  tlie  University  of  Toronto  for  the  animals  used  m  this 
investigation  and  the  facilities  afforded. 
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The  present  investigation  was  undertaken  in  an  endeavor  to 
determine  the  relation  of  some  of  the  cUfTcrent  inorganic  constit- 
uents of  the  serum  to  the  production  of  tetany.     Dibasic  sodium 
phosphate  (J.  T.  Balcer)  and  phosphoric  acid  were  injected  in- 
travenously into  dogs,  the  time  required  for  each  injection  bemg 
about  1  hour.     The  effect  of  the  procedure  on  the  sodium,  po- 
tassium,  calcium,   inorganic   phosphorus,   and   chlorine   content, 
and  the  pH  and  CO^-combining  power  of  the  serum  were  then 
determined.     The  blood  was  removed  from  the  femoral   \'em 
before  the  injection  was  begun,  and  1  hour  after  its  completion. 
It  was  collected,  under  oil,  the  serum  separated  and  the  CO2 
and  pH  determined  as  soon  as  possible.     The  CO2  in  the  serum 
was  determined  directly  by  means  of  the  Van  Slyke  apparatus, 
'without  bringing  it  into  equiUbrium  with  the  alveolar  an-.     The 
pH  was  determined  colorimetrically  by  a  method  devised  by 
Cullen  (7),  the  chlorine  by  a  combination  of  the  Van  Slyke  and 
Donleav>'  (8)  and  Volliard  methods,  the  sodium,  potassium,  and 
calcium  by  methods  devised  by  Kramer  and  Tisdall  (9,  10,   11) 
and  the   inorganic    phosphorus   by  a  method    devised  by   the 

author  (12).  ,   ^     a 

The  dibasic  sodium  phosphate  was  mjected  m  Dogs  1  to  4 
(Table  I)  while  the  phosphoric  acid  was  given  to  Dogs  5,  6,  and 
7.     The   phosphoric   acid   produced  no   apparent   toxic   effects. 
The  respirations  did  not  increase  above  30  per  minute  and  m  aU 
the  dogs  the  pulse  remained  excellent  throughout.     After   the 
completion  of  the  injections  the  dogs  jumped  up  and  ran  about 
in  a  normal  manner.     No  later  iU  effects  were  observed.     On 
the  other  hand  the  dibasic  sodium  phosphate  produced  signs  of 
profound   toxemia.     The   respirations    were   increased  to   30  to 
100  per  minute  and  the  pulse  was  increased  to  125  to  180  per 
minute      After  the  injection  the  dogs  had  great  difficulty  m 
standing,  and  vomited  at  frequent  intervals.     In  all  four  dogs 
some  twitching  of  the  facial  muscles  and  also  spasm  of  the  jaw 
muscles  occurred,  but  in  only  Dog  4  did  marked  twitching  of  the 
whole  body  (tetany)  occur.     The  dogs  were  carefully  observed 
for  6  to  7  hours  after  the  administration  of  the  phosphates  but 
no  essential  changes  occurred  in  their  condition.     On  the  morn- 
ing following  the  experiments.  Dogs  1,  3,  and  4  were  found  dead 
while  Dog  2  although  still  showing  signs  of  toxemia  was  found  to 
be  aUve.     This  animal  recovered  perfectly. 
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It  is  seen  that  the  injection  of  tiiK  dibasic  sodium  phosphate 
caused  some  twitching  in  all  four  dogs  although  a  condition  re- 
sembling active  tetany  occurred  in  only  one  dog.     After  the  m- 

TABLE  I. 
Intravenous  Injections  of  Dibasic  Sodium  Phosphate  and  Phosphoric  Acid. 


Slight. 


NajHPO 


NajHPO^  280 


480 


Marked. 


Absent. 


Na2HP04 


NajHPOi 


H3PO4 


H3PO1 


H3PO4 


300 


425 


250 


450 


400 


ma 

144 
150 
170 
150 
150 
150 


kg 

14.6 
9,8 
7.5 
11.4 
4.6 
16.0 


180 


10.5 


Before 
After. 

Before 

After. 

Before. 

After. 

Before. 

After. 

Before. 

After. 

Before. 

After. 

Before 
After. 


10.1 


6.1 


5.613  3 


10.2 
7.0 

10.6 

6.4 

10.9 

5.7 


15.5 

6.0 
32.0 

3  0 
17.0 


5.5 

10.5 
6.5 

10.9 


336 
335 

338 
346 

348 
350 


19. 


388 


19.3  388 


19.4 
20.2 

21  3 


353 


5.3 
13.4 

2.9 

22.5 

6.8 


6.319.6 


381 
381 


335 

298 

347 
320 


22.0 
20.0 

20.3 
16.0 

20.1 
20.2 


334 
305 


388 
380 

388 
367 

381 
381 


vol. 
per 
cent 

50 
49 


/  .40 
7.35 


18 
18.4 


381 
381 


45 
45 


7.45 


7.40 


58 

7.50 

58 

7.40 

34 

7.25 

66 

44 

7.40 

58 

7.35 

36 

7.20 

jection  of  the  phosphoric  acid  no  signs  of  increased  irritability 
appeared.  It  is  not  unreasonable  to  consider  the  shght  muscular 
twitchings  and  spasm  of  the  jaw  muscles  in  the  first  group  of 
animals  as  signs  of  incipient  tetany .^ 

I  Binger  (1)  apparently  obtained  signs  of  active  tetany  in  every  instance 
when  he  injected  the  dibasic  phosphate  in  the  amounts  used  in  the  present 
study.     Tlie  difference  in  the  results  obtained  might  be  due  to  the  osmotic 
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RESULTS. 


The  following  changes  in  the  blood  serum  were  found  to  occur 
after  the  intravenous  injection  of  dibasic  sodium  phosphate 
(Table  I):  (a)  A  reduction  of  the  calcium  from  an  average  of 
10.5  mg.  per  100  cc.  to  6.2  mg.;  (&)  an  increase  of  the  inorganic 
phosphorus  from  about  5.0  mg.  per  100  cc.  to  an  average  of  19.0 
mg.;  and  (c)  a  change  of  the  pH  from  7.40  to  7.50  in  one  dog  only. 
No  definite  increase  occurred  in  the  sodium  content  of  the 
serum.  No  essential  change  occurred  in  the  concentration  of 
potassium  and  chlorine.  No  marked  change  occurred  in  the 
CO2  content  except  in  Dog  2,  in  which  it  was  increased  from  56 
to  84  volumes  per  cent. 

The  following  changes  occurred  in  the  blood  serum  after  the 
intravenous  injection  of  phosphoric  acid:  (a)  A  reduction  of 
the  calcium  from  an  average  of  10.4  mg.  per  100  cc.  to  6.1  mg.; 
(6)  an  increase  of  the  inorganic  phosphorus  from  about  5.0  mg. 
per  100  cc.  to  an  average  of  18.5  mg.;  (c)  a  decided  reduction  of 
the  sodium  and  the  COz-combining  power  of  the  serum;  and 
{d)  a  definite  increase  in  the  acidity  of  the  serum  m  two  of  the 

three  dogs.  .  ,    u i    • 

No  essential  change  occurred  in  the  potassmm  and  chlorme. 

DISCUSSION. 

Reference  has  already  been  made  to  the  production  of  tetany 
in  normal  adults  by  prolonged  voluntary  hypcrpnea  (5,  6). 
Collip  and  Backus,  and  Grant  and  Goldman  independently  ad- 
vanced the  following  theory  to  explain  this  phenomenon.  The 
excessive  breathing  "washes  out"  the  carbon  Me  from  the 
blood.  This  tends  to  alter  the  normal  ratio  ^^^^[^^  (^^hic'h  is 
one  of  the  important  factors  in  the  neutrality  mechanism  (13)), 
by  decreasing  the  numerator.  To  maintain  this  normal  ratio 
there  must  also  be  a  decrease  in  the  denominator.     This  necessi- 

pressures  of  tho  phosphate  solutions.  The  sohitions  used  by  Binger  were 
abou  M/15  and  thus  eontaincd  about  200  n.g.  of  P  per  100  ec.  The  so  ution 
Sected  into  Dogs  1  to  4  in  the  present  experiment  contained  respective  y 
438  514,  430,  and  430  mg.  of  F  per  100  cc,  wluch  makes  them  consulerably 
more  hypertonic  than  those  used  by  Binger. 
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tates  a  rapid  excretion  of  sodium  bicarbonate  from  the  blood,  and 
f  this  is  not  excreted  rapidly  enough  by  the  k.dneys  the  excess 
according  to  this  theory  is  absorbed  by  the  tissues.  Thus  there  is 
an  increase  in  the  tissues  of  the  irritating  sodium  salt  and  tetany 

'''if  we  apply  this  theory  to  the  present  work  in  which  the  di- 
basic sodium  phosphate  was  injected  we  would  the^  consider 
that  the  excess  of  sodium  phosphate  which  could  not  be  excreted 
in  such  a  short  time  was  absorbed  by  the  tissues.  The  calciun. 
in  the  tissues  was  probably  diminished  in  an  attempt  to  come 
in  equiUbrium  with  the  lower  content  in  the  serum  which  was 
produced  by  the  injected  phosphorus.  Thus  the  mcreased  sodium 
combined  with  a  lowered  calcium  resulted  m  the  production  of 

*^Not'the  slightest  signs  of  tetany  were  produced  in  Dogs  5,  6, 
and  7  by  the  injection  of  phosphoric  acid.  In  these  ammals 
the  calcium  was  reduced  and  the  inorganic  phosphorus  increased 
to  about  the  identical  levels  present  in  the  first  four  dogs,  which 
received  the  sodium  phosphate.  However,  the  sodium  m  the 
serum  and  no  doubt  in  the  tissues,  was  lowered  m  the  process  of 
neutraUzation  and  excretion  of  the  injected  acid.  This  lowered 
sodium  apparently  explains  the  absence  of  tetany  after  the  in- 
jection of  phosphoric  acids. 

It  has  been  found  by  Loeb  (14),  Mathews  (15),  and  others  that 
the  anions  are  not  without  an  effect  on  the  maintenance    of    a 
normal  irritability  of  the  muscle  and  nerve  cells.     Loeb  found 
that  when   the   minimal   stimulating   concentration   of   sodiurn 
chloride  was  0.0625  m,  the  same  effect  was  produced  by  an  0.0625 
to  0  03125  M  solution  of  sodium  bicarbonate  and  a  m/  128  solution 
of  dibasic  sodium  phosphate.     In  the  present  experiment  there 
is  no  evidence  that  the  phosphates  have  any  defimtc  effect  in 
the  production  of  tetany  such  as  the  work  of  Loeb  would  indicate_ 
In  some  of  the  dogs  a  definite  change  occurred  m  the  pH  of 
the  serum.    Attention  has  been  drawn  to  the  fact  ^^^if^'^^ 
salts  tend  to  become  less  ionized  in  alkaline  solutions  (lb).     1  Je 
converse  is  true.     It  is  highly  improbable,  however,  that  the 
presence  or  absence  of  tetany  was  due  to  a  decreased  or  increased 
ionization  of  the  calcium  salts. 
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The  theory  advanced  by  Colhp  and  Backus  and  Grant  and 
Goldman  offers  an  adequate  explanation  for  the  development  of 
tetany  after  the  administration  of  sodium  bicarbonate  reported 
by  Rowland  and  Marriott  (3)  and  Harrop  (17).  In  the  cases 
(infants)  reported  by  Howland  and  Waniott  there  is  considerable 
evidence  that  the  kidney  function  was  not  normal  (diagnoses, 
burn,  severe  diarrhea,  and  pyelitis).  Harrop's  patient  was  an 
adult  with  anuria.  Applying  this  theory,  we  may  assume  that 
tetany  may  be  produced  by  a  retention  of  sodium  salts  due  to 
either  a  defective  action  of  the  kidneys  or  the  injection  of  large 
quantities  of  sodium  under  such  conditions  that  the  normal  kid- 
ney action  cannot  remove  it  rapidly  enough  from  the  body  to 
prevent  an  accumulation  in  the  tissues. 

Gastric  Tetany. 

It  is  of  interest  to  note  the  blood  changes  which  occur  in  gastric 
tetany.     MacCallum  and  his  coworkers   (18)   produced  tetany 
in  dogs  by  obstruction  of  the  pylorus.     These  investigators  found 
that  with  the  production  of  tetany  there  was  an  increase  in  the 
COs-combining  power  of  the  plasma  and  a  decrease  in  the  chlorides. 
In  somewhat  similar  experiments  Hastings,  Murray,  and  Mur- 
ray (19)  also  found  an  increase  in  the  COa-combining  power  of 
the  plasma  and  a  decrease  in  the  chlorides.     In  addition  the 
sodium  in  the  serum  was  found  to  be  decreased  (in  two  out  of 
three  dogs)  and  the  calcium  slightly  increased.     During  the  past 
2  years,  the  author  has  had  the  opportunity  of  estimating  the 
calcium  in  the  serum  in  two  patients  with  gastric  tetany.     In 
both  cases  the  calcium  content  was  normal:  10.0  and  10.6  mg. 
per  100  cc.     In  one  case-  the  sodium,  potassiiun,  chlorine,  and 
C02-combimng  power  of  the  serum  were  also  determined.     The 
concentrations  found  in  this  case  and  the  average  normal  values 
per  100  cc.  of  serum  are  as  follows:  Na  287  mg.,  normal  335  mg.; 
K  lO.G  mg.,  normal  20.0  mg.;  CI  215  mg.,  normal  360  mg.;  CO2- 
combining  power    103   volumes   per   cent,    normal    65   volumes 
per  cent. 

2  This  was  an  adult  patient  in  the  Johns  Hopkins  Hospital,  Baltimore. 
The  author  is  indebted  to  Dr.  W.  W.  Palmer  for  the  chlorine  and  CO2  values 
which  were  determined  in  his  laboratory.  The  calcium  and  potassium 
concentrations  were  determined  by  the  author  in  the  laboratory  of  the 
Department  of  Pediatrics,  Johns  Hopkins  University. 
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It  is  seen  that  the  sodium-calcium  ratio  is  disturbed  in  the 
opposite  direction  to  that  which  occurs  in  other  types  of  tetany. 
Probably  the  most  significant  change  is  the  marked  mcrease  m 
the  bicarbonate  anion.  The  importance  of  this  anion  has  been 
emphasized  by  Collip  (16)  who  considers  it  may  have  a  specific 
action  in  the  production  of  tetany. 

It  is  thus  evident  that  tetany  may  develop  notwithstanding 
a  diminished  ratio  of  sodium  to  calcium  in  the  serum. 

CONCLUSIONS. 

1  The  sodium-calcium  ratio  is  the  important  factor  in  the 
production  of  tetany,  with  the  exception  of  the  gastric  type. 

2  Gastric  tetany  is  not  due  to  a  disturbance  of  the  sodium- 
calcium  ratio  but  apparently  to  an  increase  of  the  bicarbonate 

^^\  No  evidence  has  been  found  that  the  calcium-phosphorus 
ratio  has  any  influence  on  the  production  of  tetany. 
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STUDIES  OF  HUMAN  MIXED  SALIVA. 
I      THE   DETERMINATION    OF   THE    HYDROGEN   ION    CONCEN- 
TRATION  OF  HUMAN  MIXED   SALIVA.* 

By  henry  E.  STARR. 

(From  the  Robert  Hare  Laboratory  of  Chemistry,  School  of  Medicine, 
University  of  Pennsylvania,  Philadelphia.) 

(Received  for  publication,  June  24,  1922.) 

INTRODtJCTION. 

Variations  in  the  composition  of  human  mixed  saUva,  i.e. 
sahva  as  it  normally  is  found  in  the  mouth  consistmg  o  a 
mixture  of  the  secretions  of  the  submaxillary,  subhngual  parotid 
and  buccal  glands,  have  been  noted  in  various  conditions  of 
health  and  disease  by  countless  investigators.  The  sahvary 
reaction,  particularly,  has  been  the  subject  of  many  reports  for 
almost  a  century. 

In  1S35,  Donn6  (1)  reported  that  although  he  found  the  saliva  normally 
alkaline  to  litmus,  he  had  found  it  acid  in  many  diseases,  including encepha- 
Htis  In  1844,  Wright  (2)  attempted  to  elaborate  a  diagnostic  system  of 
a  ;ary  anal-sis.  About  the  same  time,  Simon  (3)  wrote  at  length  on 
'SorbTd  saliva"  as  distinct  from  "normal."  Among  other  studies  o^:  a 
similar  character  were  those  of  Binet  (4)  m  ^^f  *' ^t'cker  5)  m  889,  Die- 
minger  (6)  in  1898,  Michaels  (7)  in  1902,  and  Fleckseder  (8)  m  19  6.  Smce 
WOl   Kirk  has  been  the  chief  exponent  of  the  concept  of  "the  saliva  as  an 

•  This  investigation  was  undertaken  at  the  request  and  with  the  coopera- 
tion of  the  Directors  of  the  Psychological  Laboratory  and  Clmic  of  this 
university,  to  determine  if  the  salivary  reaction  might  be  of  value  as  an 
Edition  I;  the  usual  clinical  tests  and  measurements  employed  m  makmg 

^  •^r:S£"£^:r^xpress  his  sincere  thanks  for  ^  ^ ^^^^ 
cism,  advice,  and  cooperation  to  Dr.  Glenn  E  CuUen,  Dr.  Edward  C  Kirk 
Dr  John  Marshall,  Dr.  E.  B.  Twitmyer,  and  Dr.  Lightner  W.tmer.  The 
advice  of  Dr.  CuUen,  particularly  with  reference  to  the  technique  employed 
for  pH  and  CO.  determinations  and  in  the  preparation  of  the  manuscript, 
has  been  especially  helpful  and  is  greatly  appreciated. 
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index  of  faulty  metabolism"  (primarily  in  relation  to  the  etiology  of  dental 
caries)  and  has  conducted  and  fostered  many  investigations  (9-14).  In 
1916,  Marshall  (l.)-19)  studied  the  salivary  reaction  in  various  physiological 
and  pathological  conditions,  including  dementia  pra-cox  and  epilepsy,  by 
means  of  a  titration  technique  ("salivary  factor"  and  "total  neutralizing 
power")  which  he  had  developed  for  the  study  of  dental  caries.  In  1918, 
Ludlum  (20)  reported  two  sets  of  litmus  paper  reactions  of  successive 
specimens  of  saliva  derived  from  two  subjects  whom  he  regarded  as  repre- 
senting different  types  of  insanity.  The  chemistry  of  the  saliva,  espe- 
cially as  a  factor  in  dental  hygiene,  and  the  quantitatively  determined 
salivary  reaction  in  relation  to  the  nature  of  substances  taken  into  the  oral 
cavity,  has  been  intensively  studied  by  Cxies  (21-28),  Pickerill  (29),  and 
Prinz  (30-32).  Since  1919  Sullivan  and  his  colleagues  (33,  34)  have  been 
investigating  the  saliva  of  pellagra  patients  at  various  stages  of  the  disease, 
employing  refined  quantitative  methods,  with  especial  reference  to  sul- 
focyanate  content. 

The  peculiarly  contradictor}-  findings  of  many  investigators, 
the  innervation  of  the  salivary  glands  by  both  cranial  and  sjTii- 
pathetic  nerves,  and  the  variation  in  quahty  and  quantity  of 
secretion  depending  upon  the  nerve  stimulated  (see  Heidenhain 
(35)  and  Langley  (36)) ;  the  adaptation  of  secretion  to  the  ingested 
substance  and  the  reflex  secretion  arising  from  pm-cly  psychic 
stimuli  (Pawlow,  37) ;  together  with  the  dry  mouth  of  fear  (con- 
sidered by  Cannon,  38)  and  the  drooling  of  the  idiot:— these  factors 
render  the  problem  of  correlation  between  sahvary  composition 
and  metabolic  disorder  a  promising  field  for  research. 

Almost  all  of  the  investigators  mentioned  were  interested  in 
the  salivary  reaction  as  the  principal  variant.  The  early  investi- 
gators employed  the  crude  Utmus  paper  test,  reporting  specimens 
simply  as  ".acid"  or  "alkahne."  Probably  the  first  reUable 
quantitative  determination  of  the  degree  of  acidity  or  alkaUnity 
of  human  mixed  saliva  was  that  of  Chittenden  and  Ely  (39)  who, 
in  1883,  found  the  average  alkalinity  for  fifty-one  specimens  as 
determined  by  titration  with  cochineal  as  indicator,  to  be  0.08 
per  cent  "expressed  as  sodium  carbonate." 

A  subsequent  series  by  Chittenden  and  Smith  (40)  published  in  1885 
gave  a  mean  of  0.097  per  cent  similarly  expressed.  Schlesinger  (41)  ob- 
tained somewhat  lower  findings,  reporting,  in  1S91,  an  average  of  0.032  per 
cent,  also  expressed  as  sodium  carbonate.  Other  investigators  have  re- 
ported on  the  alkalinity  of  the  saliva  expressed  in  terms  of  sodium  hydrox- 
ide, among  which  may  be  mentioned  Szabo  (42)  who,  in  1900,  found  the 
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'''"  '"  ed^^;  NaOH     to^^^ZLLLi.e  series  of  determinations 
expressed  as  NaUH.     l  y°'^^°  >  ^  ^i^ed  saliva  was  that  con- 

of  both  "acidity"  and  "alkalinity     of  ^^^"  ^    statement  that 

.    1  u     n;„c  i'9fi'i  in  IQlfi      In  his  report,  (jies  mawes  me  s^^i.^ 

i\ins.  u-^  t'u'j"  ,     ,      I     •„  1011     Hi<!  findinas  were  pH.  7.y,  o.o, 

Hildebrand  hydrogen  electrode  in  1914.     His  nnamg 

diUons  .Hecltos  the  «««*>;  »'»'"'^''''n».  to  ot   k'e.  ..»pl..  of 

and  6.92;  saliva  diluted  with  ''f^-^flf'^^^.f^raHUed  water,  pH  7.01. 
6.34;  saliva  diluted  with  [-^^Ij^^-''^^  ^4^ %     ^"^'Da  ^ 
Their  conclusion  (Michaelis  and  Pechstein  (4o),  p.  J-)  is    ^         ,, 
Saktion  bei  7.07  (18°)  liegt,  so  ist  also  der  Speichel  leicht  sauer. 

A  careful  study  of  the  literature  has  revealed  only  Uie  above 
cittl  ^eleits  of  Foa,  Kirk,  and  MichaeUs  and  Pech^^^^^^^^^ 
c-atinff  definitely  the  hydrion   concentration   of  human   saliva, 

;::;r^sydetennLed.  ^  ^<^  ^^^^^t  ^^::::s^r. 

Graham  (46)  made  some  pH  determinations  in  an  investigation 

o?h  n^s  as  an  incUcator  of  the  salivary  reaction  vvithm  certain 

hm  ts      Inl920    Bloomfield  and  Huek  (47)  in  the  course  of  an 

restigatLn  of 'the  bacteria  of  the  oral  cavity   colorimetncU^ 

determined  the  pH  of  a  number  of  ^P---\«[,4^^^:,   ..''d tnd 
tunately  in  the  former  investigation  the  sahva  was  chalyzed 
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in  the  latter  it  was  centrifuged,  both  procecKires  no  doubt  resulting 
in  loss  of  CO2  and  resultant  increase  in  pH,  as  indicated  in  a 
subsequent  section.  It  is  of  interest  to  note  in  this  connection 
that  in  1916  Gies  pointed  out  that  centrifugation  of  mixed  saliva 
results  in  increase  of  the  supernatant  liquid's  alkalinity  to 
phenolphthalein  (25). 

The  suggestive  fluctuations  of  the  "quantity  factor"  of  acidity 
of  mixed  sahva  as  reported  by  "many  investigators,  the  meagerness 
of  data  upon  the  "intensity  factor"  or  hydrion  concentration, 
especially  as  regards  colorimetric  determinations  thereof,  together 
with  a  realization  of  the  ease  with  which  such  determinations  might 
be  made  by  adapting  the  technique  instituted  by  S0rensen  (48), 
Henderson  and  Palmer  (49),  Clark  (50),  and  Cullen  (51,  52)  led 
directly  to  the  experiments  reported  in  this  article. 

EXPERIMENTAL. 

Methods. 

The  method  which  has  been  found  most  satisfactory  and  which 
has  been  employed  throughout  the  present  investigation  (except 
when  otherwise  stated  in  the  text)  is  briefly  as  follows. 

The  saliva  is  collected  under  oiU  in  a  clean  receiver.  1  cc.  is  then  re- 
moved by  means  of  a  pipette  and  transferred  to  a  test-tube  containing  9  cc. 
of  freshly  boiled  distilled  water  (pH  6.6  to  6.7)  and  1  cc.  of  0.01  per  cent 
aqueous  solution  of  dibromothymolsulfonephthalein  also  under  oil.  The 
saliva  and  diluent  are  then  mixed  thoroughly  by  stirring  with  the  flattened 
end  of  a  glass  rod  beneath  the  level  of  the  supernatant  oil  layer.'  After 
the  diluted  saliva  is  of  uniform  virage  throughout, «  the  pH  is  determined 
by  comparison  with  suitable  standards  against  a  milk-glass  background. 

Notes. 

1.  Preliminary  to  using  any  article  coming  into  contact  with  the  saliva 
—test-tube,  pipette,  etc.— it  is  washed  and  rinsed  thoroughly  with  dis- 
tilled water  and  then  tested  with  a  few  cc.  of  dilute  indicator  solution 
(e.g.,  0.001  per  cent  brom-thymol  blue). 

1  As  in  Cullen's  method  for  determination  of  plasma  pH  (see  CuIIen, 
G.  E.,  J.  Biol.  Chem.,  1922,  lii,  501). 

=  The  term  "virage"  was  suggested  by  S0rensen  and  adopted  by  Clark 
(Clark,  W.  M.,  The  determination  of  hydrogen  ions,  Baltimore,  1920,  38). 
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then  allowed  to  cool  ^^^^bout  ^8  ^  m  a  tig      >         ^  ,^^.,5  ^  result 

flask,  the  pH  was  ^PP^"''''"'^*!;^  Pf  ,^6  ^^as  been  chosen  as  standard  for 

of  hydrion  concentrations  ^etwe- pHf^^^^^-^'oo  phenol  red  (0.005  per 
mal  range  of  salivary  pH.     For  values  aoov    p  ^.^nner.     The  actual 

cent)  has  been  employed  ^f.^dvantage  in  the  same  n  a  ^^  ^.^^ 

quantity  of  indicator  added  is  such  as  ^^^^-^^^.t    solution  employed 
over  the  range  above  indicated    .^^e  percentage  ^  ^^_ 

'^  -?  ^'^^  '  ^arre'L:.  St'e  rri- :f  aTipette^ban  can  a  drop 
may  be  measured  more  accuraxeiy  uy  ,nhition  is  thereby  rendered 

virage.  1  t  „(.„  mivtnre  of  1  cc  of  indicator  and  9  cc. 

Inlieuof  preparngforeaclye  taniiKtu  eof  1-  ^^^_^^^^^  ^^^^^.^^  ^^ 

of  distilled  water  (P^ ';f  ^^^^J^t'eL^y  be  employed,  in  which  case  the 

one-tenth  the  strength  of  that  "^''°;"7  T 

pH  of  the  diluent  is  obvious  ..thou   fur  h^^r^est^^^^^^^^^^  ^^^^^^^^   ^^^ 

4.  S0rensen's   standards   of   m/1o   P"™ary   p  j^g^ck's  chemicals 

were  employed,     ihey  covere  standard  is  prepared 

of  0.1  pH.     I^-f-^^;^,^  ;^;^i:;ed  forfhe  salivary  pH  determinations 

-irur:fr;^lpole  compactor,  or  the  meO^d  of  superpo.tion^is 
seldom  necessary  as  the  saliva  is  bu™ly    olor  d     It  >s,  h  w^^ 
quently  quite  turbid  and  it  is  because  of  th  s  mtertenng 
dilution  and  the  milk-glass  backmg  are  employed. 

Dilutwri -The  saliva  is  diluted  in  the  ratio  of  1  :  9  with  dis- 
tm^d  xter  which  is  practicaUy  the  same  dilution  as  employed 
bv  Mchaei;Ind  Pechstein  (45)  and  also  by  Bloomfield  and  Huck 

"^er  the  proportion  of  saUva  to  water  successively:  1  part  of 
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saliva  to  0,  1,  3,  5,  7,  9,  12,  15,  and  20  parts  of  water.  In  each 
tube  there  had  been  previously  placed  and  mixed  with  the  water 
such  a  quantity  of  0.01  per  cent  brom-thymol  blue  solution  that 
the  indicator  was  always  pres(-nt  in  the  proportion  of  1:10  with 
respect  to  the  total  quantity  of  diluted  saUva.  Fifty  specimens 
of  sahva  were  thus  investigated.  The  results  are  indicated  in 
Fig.  1.  The  initial  pH  of  the  salivas  examined  ranged  from  5.90 
to  6.85.     Tempc-rature  was  at  all  times  between  18  and  20°C. 


^.o: 


i     3      5      T     *=?       12        15  ZO 

PARTS    HjO  ADDED  TO  1  PART  SALIVA 

Fig.  1.  Dilution  curve  of  human  mixed  saliva.  Increases  in  pH  given 
in  0.01  pH  terms,  are  average  values.  The  mean  deviation  from  the  aver- 
age increase  at  plateau  level  was  less  than  0.05  pH. 

It  is  evident  that  the  saliva  undergoes  a  shght  increase  in  pH 
on  dilution  up  to  a  proportion  of  1:3  or  1:5,  when  a  plateau  is 
reached  and  maintained  at  least  until  the  dilution  is  1 :  12.  The 
slight  increase  noted  (in  94  per  cent  being  0.05  pH  or  less  )  is  of 
relatively  little  importance  in  this  investigation,  inasmuch  as 
readings  were  made  only  to  0.05  pH. 

It  should  be  noted,  however,  that  dilution  of  the  saliva  in  the  ratio  of  1 :5 
was  accompanied  by  an  increase  in  30  per  cent  of  the  specimens  of  0.05 
pH  and  6  per  cent  increased  0.10  pH.  The  values  of  pH  found  by  this 
method  of  dilution  should,  therefore,  probably  be  reduced  by  0.05  pH  to 
obtain  a  value  more  closely  approximating  that  of  the  undiluted  saliva. 
As  to  the  actual  hydrion  concentration  corresponding  to  the  values  found 
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bv  the  colorimetric  method,  no  definite  formula  can  be  given,  inasmuch  as 
electtmetnc  determinations  to  correlate  the  -^'-'^^J-;;  ^^  ^Jt'^ 
mination  of  protein  error)  have  not  yet  been  nvxde.  In  the  hght  of  Cul  en  s 
work  on  the  colorimetric  determination  of  the  pH  of  blood  plasma  (o2) 
uTs  probable  that  the  method  herein  described  yields  somewhat  too  h>gh 
nH  values  In  the  present  investigation,  however,  this  is  of  relatively 
sHghtmport  inasmuch  as  the  determinations  .-ere  made  for  comparison 
of  pH  value  found  for  different  specimens  of  saliva  when  the  same  method 
was    employed. 

Collection  of  Specimen.    Influence  of  Paraffin  as  Activator. 

The  work  of  Gies,  Marshall,  and  others  indicates  that  "acti- 
vated" sahva  is  quantitatively  more  alkaline  than  "normal  resting 
saliva."  Although  it  appeared  most  probable  that  the  sarne 
conditions  would  be  found  with  regard  to  the  sahvary  pH,  the 
assistance  which  paraffin  might  give  in  facihtatmg  the  collection 
of  specimens  in  quantity  rendered  it  advisable  to  make  a  defi- 
nite trial  of  its  usefulness. 

Each  subject  was  seated  comfortably  before  a  rack  containing  three 
test-tubes,  each  containing  about  1  cc.  of  oil  and  a  thistle  tube  leading 
Sow  the  surface  of  the  oil.  The  saliva  was  allowed  to  accunulate  m  h 
mouTh  during  5  minute  periods,  during  which  time  the  "^outh  was  kept 
do^ed  The  first  sample  was  taken  5  minutes  after  the  subject  had  seated 
?m  elf  ar.d  allowed  the  saliva  to  collect  normally  prior  to  ejecting  it 
though  the  funnel  tube  into  the  test-tube  below  the  surface  of  the  oiL 
After  ejection  of  the  first  sample,  the  subject  was  at  once  given  a  paraffin 
tube    previously  tested  for  neutrality,  which  he  chewed  fairly  vigorously 

or  a  second  5  minute  period.  He  then  ejected  the  ---"'-*^,;^;!^7,^; 
removed  the  paraflSn  and  "rested"  10  minutes,  when  he  again  allowed  the 

aZ  to  accumulate  normally,  ejecting  it  at  the  expiration  of  the  th  rd 
5  minute  period.  The  salivary  pH  was  always  determined  ,mmediatel> 
afrer  ejectLn.  The  results  thus  obtained  in  a  series  of  ten  experiments  on 
five  subjects  appear  in  Table  I. 

The  data  in  Table  I  show  clearly  that  the  use  of  even  so  inert 
an  activator  as  paraffin  is  precluded  in  obtaining  specimens  of 
saUva  inasmuch  as  in  every  instance  its  use  resulted  in  an  increase 
in  pH  of  from  0.10  to  0.60  pH.  In  each  instance,  it  may  also  be 
noted,  the  pH  decreased  to  approximately  its  initial  value  after 
removal  of  the  paraffin  and  10  minute  rest. 
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TABLE  I. 
The  Effect  of  Chewing  upon  the  Salivanj  pH. 


Reaction  of  human  mixed  saliva  collected  in  5  min.  periods. 

Before  chewins. 

While  chewing. 

10  min.  after  chewing. 

VH 

pH 

vH 

I  FT 

6.40 
6.65 

6.95 
6. 85 

6.55 
6.60 

KH 

6.25 
6.35 

6.85 
6.70 

6.30 
6.30 

KN 

6.40 

6.75 

6.55 

IG 

6.40 
6.85 

6.70 

7.05 

6.35 
6.75 

BMT 

6.75 
6.85 
6.90 

6.95 
7.00 
7.00 

6.80 
6.80 
6.85 

Treatment  of  Specimen  after  Ejection. 
Experiments  were  made  to  determine  how  long  after  ejection 
from  the  mouth  human  mixed  saUva  may  be  exposed  to  air  at 
ordinary  temperatures  without  undergoing  change  m  hydrion 
concentration.  It  appeared  probable  that  the  sahvary  pH  would 
increase  more  or  less  rapidly  from  loss  of  CO,,  and  that  this  loss 
would  be  prevented  by  covering  the  saUva  with  oil,  a  precaution 
found  necessary  by  Bloomfield  and  Huck  (47). 

Each  subject  was  instructed  to  retain  the  saliva  as  it  collected  naturally 
in  his  mouth  until  he  had  a  "mouthful"  and  then  to  eject  it  mto  a  small 
thistle  tube  leading  below  the  surface  of  a  few  cc  of  oil  "'^  =^  ^^^^^^^  " 
tube  in  the  usual  manner.  The  quantity  varied  w  ith  different  individuals 
ome  apparently  regarding  1  cc.  as  a  "mouthful,"  while  others  furnished 
as  much  as  10  cc.  at  a  single  eiection. .  ^Yith  care,  about  5  cc.  -ud  usual  Y 
.  be  collected.  The  pH  of  the  saliva  was  determined  immediately  after 
e^ect  n  Approximately  half  of  the  saliva  was  then  drawn  by  means  o 
a  pipette  from  below  the  surface  of  the  oil  and  placed  m  a  similar  test-tube 
L'pTsed  to  the  air.  At  intervals  the  pH  of  the  saliva  in  each  tube  w^s 
determined  until  the  supply  of  the  particular  specimen,  exclusive  of  dregs, 
was  exhausted. 

Twelve  specimens  were  thus  examined.     Only  two  of   those 
which  were  under  oil  showed  any  increase  after  standing  for  20 
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minutes,  and  they  increased  by  but  0.05  pH.  Of  the  portion 
exposed  to  the  air,  aU  had  increased  after  20  minutes  exposure  frorn 
0.05  to  0.40  pH,  and  three-fourths  of  them  increased  0.05  to 
0  10  pH  after  but  2  minutes  cxposui-c. 
■  It  is  obvious,  therefore,  that  mixed  saliva  speedily  increases  m 
pH  when  allowed  to  stand  exposed  to  air  at  ordinary  room  tem- 
peratures, and  that  oil  employed  as  indicated  in  the  preceding 
description  of  the  general  method  is  a  necessary  and  adequate 
protection. 

Determinations  without  Oil.    Method  B.-ln  certain  i^^^^tigf^ions  in 
the  earlier  stages  of  the  present  research  oil  was  not  employed  and  the 
sa  ivTwas  n.ixed  with  diluent  and  indicator  by  P-^^  "'riis  r^ulted 
test-tube  into  another  for  a  period  of  less  than  ^  '"''^"t^-.Th-  -«^J^ 
uniformly  in  loss  of  CO.  and  increase  m  pH   as  sho.-n  by  the  results  of  a 
series  of  100  parallel  determinations  made  m  this  manner  and  by  tbe  method 
employing  oil  as  described  in  the  text.    The  average  -"--— ^^^f^  pH 
and  the  average  deviation  therefrom  was  less  than  0  05  pH.     Since  the 
dilution  effect  is  approximately  0.05,  the  findings  of  the  non-oil  method^ 
as  employed,  may  be  regarded  as  uniformly  0.20  pH  higher  than  the  pH 
o    Zor  giBal  undiluted  saliva.     Findings  obtained  by  this  method  will 
be  reported  in  certain  instances  in  this  series,  but  will  always  be  accon 
panied  by  the  statement  that  they  were  obtained  by  the  non-oil  method 
It  should  be  noted  that  the  non-oil  method  is  not  recommended    for 
lack  of  care  in  mixing,  or  undue  prolongation  of  the  pourmg  can  lead  to  an 
error  of  0.45  pH,  or  more.    0.15  pH  is  presented  as  the  increase  arismg 
from  the  method  as  employed  in  Ms  investigation. 

'  Centrifugation.-^ince  simple  exposure  to  air  results  in  loss  of 
COo  and  consequent  increase  in  pH,  it  would  seem  evident  that 
centrifugation,  in  the  usual  manner,^  results  in  even  greater  loss  of 
CO2  In  1916,  Gies  (26)  reported  that  centrifugation  of  sahva 
results  in  decreased  acidity  of  the  supernatant  layers  to  phenol- 
phthalcin  and  increased  acicUty  at  the  lower  levels.  The  following 
determinations  were  carried  out  to  determine  the  effect  of  centrifu- 
gation on  mixed  saUva,  in  terms  of  pH. 

90  cc  of  mixed  saliva  were  collected  from  each  subject,  who  was  allowed 
to  eject  several  "mouthfuls"  to  obtain  that  quantity.  The  saliva  was  col- 
lected below  a  2  cc.  layer  of  oil  in  a  graduated  25  cc.  cylinder  m  which  had 

>  For  adequate  measures  to  be  employed  in  the  centrifugation  of  carbon 
dioxide-containing  solutions  to  avoid  loss  of  carbon  dioxide,  see  CuUen, 
G.  E.,  J.  Biol.  Chem.,  1922,  lii,  508. 
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been  placed  2  cc.  of  the  brom-thymol  blue  solution,  the  ejections  being 
made  into  a  funnel  tube  leading  below  the  level  of  the  oil.  When  the 
desired  amount  of  saliva  had  been  collected  it  was  thoroughly  mixed  with 
the  indicator  by  stirring  in  the  usual  manner.  11  cc.  were  then  trans- 
ferred by  means  of  a  pipette  to  a  15  cc.  centrifuge  tube  containing  1  cc. 
of  oil,  below  which  the  saliva  and  indicator  mixture  were  introduced.  The 
tube  was  then  stoppered  tightly  with  a  rubber  cork  leaving  an  air-space  of 
about  2  cc.  A  second  11  cc.  portion  was  placed  in  a  similar  centrifuge  tube 
without  a  protective  oil  layer  and  uncorked.  The  pH  was  determined  by 
comparison  with  standards  in  the  same  type  of  centrifuge  tubes.  Both 
tubes  containing  saliva  were  then  centrifuged  for  10  minutes  at  the  rate 
of  2,.500  revolutions  per  minute,  when  they  were  removed,  the  pH  of  each 
was' again  determined  and  any  difference  in  pH  at  different  levels  in  the 
tubes  carefully  noted.  The  sediment  was  then  stirred  thoroughly  with  the 
supernatant  liquid  in  each  tube  and  the  pH  again  determined. 

This  procedure  was  repeated  on  ten  specimens  obtained  from 
four  subjects.     The  initial  pH  values  of  the  specimens  ranged  from 
pH  6.55  to  6.85.    After  centrifugation,  all  the  specimens  showed 
an  increase  in  pH  of  the  supernatant  liquid.     In  the  open  tubes, 
the  increment  was  from  0.15  to  0.55  pH  and  averaged  0.30.     In 
the  stoppered  tubes  the  increment  was  from  0.05  to  0.20,  averaging 
less  than  0.15  pH.     No  definite  pH  value  can  be  given  for  the 
lowest  stratum  of  semisolid  material  which  displayed  a  \'irage 
considerably  below  the  limits  of  accuracy  of  the  indicator  employed ; 
i.e.,  below  pH  5.2.     After  mixing  this  material,  which  was  mark- 
edly present  in  all  but  two  spccunens,  with  the  supernatant  Hquid,  ^ 
the  resultant  mixture,  in  the  open  tubes,  invariably  showed  a 
lower  pH  than  did  the  unmixed  supernatant  liquid,  but  not  as 
low  as  the  initial  salivary  pH.     Thus,  after  mixing,  in  the  open 
tubes  the  pH  was  still  0.10  to  0.30  pH  higher  than  the  initial  value. 
In  the  corked  tubes,  the  mixture  was  0.05  to  0.10  liigher  in  pH 
value  than  was  the  initial  value. 

It  is  evident,  therefore,  that  centrifugation  as  employed  results 
in  loss  of  CO2  and  precipitation  of  a  substance  of  greater  hydrion 
concentration  than  the  supernatant  liquid,  both  of  which  effects 
result  in  increased  pH  of  the  supernatant  hquid.  This  increase 
is  greater  in  the  case  of  saliva  exposed  to  the  air  than  in  that 
partially  protected  by  oil  and  stopper.  In  the  latter  the  CO2 
no  doubt  came  into  partial  equilibrium  with  the  CO2  in  the  oil  and 
air-space  above  the  liquid,  with  consequently  less  loss  of  CO2. 
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If  centrifugation  is  to  l.e  employed  at  all,  it  is  obvious  that  rigid 
precauiions  must  be  taken  to  avoid  loss  of  carbon  dioxide.     More- 
over, precipitation  of  the  acidic  sediment  (termed  "acid  mucinate 
by  Gies  (24))  may  lead  to  erroneous  findings  as  to  pH  value. 

CONCLUSION. 

A  method  for  the  colorimetric  determination  of  the  hydrogen 
ion  concentration  of  human  mixed  saHva  is  described,  together 
with  the  precautions  necessary.  Activators,  such  as  parathn, 
result  in  increase  of  salivary  pH. 
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STUDIES  OF  HUMAN  MIXED  SALIVA. 

n    VARIATIONS  IN  THE  HYDROGEN  ION  CONCENTRATION  OF 
II.  VARlAllu  ^^^jj  MIXED  SALIVA. 

By  henry  E.  STARR. 

,,ron.  tke  Robert  Hare  Laboratory  of  C'^-^^;^;^ '^-t^ft^''  "' 

the    Psychological     Laboratory    and     Chmc      UmversUy     oj 

Pennsylvania,  Philadelphia.) 

(Received  for  publication,  June  24,  1922.) 
The  fact  that  human   mixed  saUva  loses  CO.  very  readUy 
and  increases  in  pH,  as  noted  in  the  P--^-|  ^^^^f  ^  J^.^ 
series    indicates  the  importance  of  the  H.CO3.BHCO3  ratio  m 
determ  ^ng  the  hydrogen  ion  concentration.     This  is  quite  in 
a    ordTith  the  findings  of  various  quantitative  investigations  o 
saUvary  acidity.    Thus  Dieminger  (2)  concluded  that  saliva  will 
^wlys  bHlnd  alkaUne  if  one  uses  an  indicator  insensitive  to 
caTbon  dioxide.     In   1914,  Gies   (3)   pointed  out  tha     aerating 
aUva  causes  a  decomposition  of  soluble  bicarbonate  with  ehmma- 
tt  of  carbon  dioxide,  so  that  the  original  reaction  of  the  saliva 
cannot  be  accurately  determined  ^f^er  aeration.- 

Study  of  the  H.COa-.BHCO,  ratio  m  mixed  sahya  at  various 

hvdrion  concentrations  and  alveolar  CO.  tensions,  etc.  and  of   he 

base  content  of  the  saliva  is  now  in  progress  and  wiU  be  reported 

1  u,r  v.,r,  mvkp  (1)     The  use  of  B  as  the  general 

applied  "Na"  is  particularly  useful  m  the  case  ot  nu 

of  CO2. 
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in  this  series.  As  a  result  of  a  preliminary  survey,  involving  a 
number  of  simultaneous  determinations  of  salivary  pH  and  of 
total  CO2  content  of  the  saliva,  made  by  means  of  the  Van  Slyke 
apparatus,  in  the  standard  manner,  it  is  evident  that  the  hydrion 
concentration  of  the  mixed  saliva  is  largely  determined  by  the 
H2CO3  content  of  the  saUva. 

Influence  of  Alveolar  CO2  on  Salivary  pH. 

To  determine  whether  the  saHvary  pH  varies  inversely  with  the 
alveolar  CO2  simultaneous  determinations  of  salivary  pH  and 
alveolar  CO2  were  made  at  intervals  during  days  of  mixed  diet 
and  normal  activity  on  five  healthy  and  normal  subjects.  In 
order  to  insure  making  determinations  when  the  alveolar  CO2 
content  varied,  specimens  were  taken  before  and  after  the  noon 
meal,  inasmuch  as  Van  Slyke,  Stilhnan,  and  CuUen  (4)  have 
confirmed  the  findings  of  Higgins  (.5)  and  others  that  digestive 
activity  is  accompanied  by  a  rise  in  alveolar  CO2.  Prior  to 
ejection  of  the  saliva,  the  mouth  was  kept  closed  for  5  minutes, 
the  saliva  was  then  collected  under  oil  and  its  pH  determined 
as  described  in  the  preceding  article.  The  sample  of  alveolar 
air  was  taken  immediately  after  ejection  of  the  saliva,  and  the 
CO2  content  was  determined  by  the  Fridericia  method  (6),  care 
being  taken  by  the  subjects  to  avoid  either  holding  the  breath 
or  taking  a  preliminary  deep  inspiration.  The  results  are  given 
in  Table  I,  and  a  typical  series  is  shown  in  Fig.  1. 

The  findings  presented  in  Table  I  and  Fig.  1  indicate  a 
close  correlation  between  salivary  hydrioa  concentration  and 
alveolar  CO2. 

Alkali  Retention. 

As  a  further  test  along  lines  similar  to  the  above,  a  modification 
of  the  alkali  retention  test  was  employed.  The  subject  was  ex- 
amined as  to  salivary  and  urinary  pH  and  then  immediately  in- 
gested 10  to  20  gm.  of  NaHCOs,  with  a  copious  draught  of  water. 
At  intervals  the  pH  determinations  were  repeated.^  During  the 
course  of  the  experiment,  no  food  was  eaten,  water  was  taken  as 
desired,  the  subjects  were  normally  active,  the  environment  quite 

'  Both  saliva  and  urine  were  collected  and  kept  under  oil  during  the  pH 
determinations. 
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calm,  and  consequently  the  effect  of  the  ingestion  of  the  ^aHCO, 
could  he  observed  without  hindrance.  The  experiment  was  re- 
peat d  ten  times  with  four  healthy  normal  subjects  In  every 
•nstance  it  was  found  that  as  the  urinary  pH  mcreased,  the  sah- 
vary  pH  decreased.     A  typical  series  is  shown  m  Fig.  2. 

TABLE  I. 


V  anal 

ions  %n  ouitft 

•'  y  /"'  "■■■" 

No. 

S\ibiect. 

Time  in  relation  to  meal. 

Salivary. 

Alveolar  COj. 

VH 

per  ceni 

1 

IFT 

20  min.  before. 
40     "     after. 

6.75 
6.60 

5.50 
5.70 

2 

IFT 

20     "     before. 
40     "     after. 

'  6.60 
6.50 

5.75 
6.05 

3 

IG 

20     "     before. 
40     "     after. 

6.65 
6.50 

6.00 
6.05 

4 

KH 

20     "     before. 
60     "     after. 
90     " 

6.25 
6.00 
6.15 

6.45 
6.75 
6.50 

5 

GXT 

20     "    before. 
40     "     after. 

6.75 
6.55 

5.45 
6.05 

6 

KKs 

20     "     before. 
40     "     after. 

6.35 
6.40 

6.10 
6.10 

7 

IFT 

20     "     before. 
40     "     after. 
60     " 
90     " 
120     " 

6.55 
6.50 
6.45 
6.35 
6.50 

5.95 
6.05 
6.15 
6  50 
6.10 

The  results  show  that  after  the  ingestion  of  the  bicarbonate 
the  H  ion  concentration  of  the  mixed  saliva  increased  while  tha 
of  the  urine  decreased;  i.e.,  the  salivary  pH  ^■^™f/'7'^;-f  ^';;;f; 
that  of  the  urine  in  every  instance.  Thus  while  the  bodtV  Au  d 
in  general  may  be  regarded  as  becoming  more^  alkahne  as  the 
result  of  the  administration  of  sodium  bicarbonate,  the  mixed 
saliva  became  more  "acid." 


^^0^         4ff         ^'         80^ 


AFTffl 

Fig.  1.  Variations  of  salivary  pH  with  alveolar  CO2  (Experiment  7, 
Table  I). 


pH 
8.0 


URIN/ARY-pH 


HOURS 

Fig.  2.  The  effect  of  the  ingestion  of  20  gra.  of  NaHCOa  upon  salivary 
and  urinary  pH. 
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These  findings  tend  to  explain  and  1^^;^-^%^^^^^^^:  ^] 
two  investigators  in  different  biochemic  fields.     Von  Noorden  (.7 
ound  :St  removal  of  carbohydrates  from  t^^^  ^.et  of  an  m^^^^^^^^^^ 
is  usually  followed  within  24  hours  by  a  definite     Phy^iologcal 
acidoses"  with  characteristic  excretion  of  acetone  bodies.     Kirk 
(         und  that  the  removal  of  -rbohydrates  from  th^  diet  of 
certain  patients  tended  to  decrease  the  "acidity     of  the  salva^ 
Tte  explanation  may  be  that   lack    of  carbohydrate   ingest  on 
mav  result  in  an  acetone  body  acidosis  with  a  decrease  in  the 
Zd  BHC03,  followed  by  a  compensatory  drop  in  the  blood 
H.COs  and  alveolar  CO.  resulting  m  a  more  alkaline  sahva. 

Voluntary  Deep  Breathing. 
It  should  be  recalled  in  this  connection,  as  Van  Sly^^  (9)  has 
nointed  out    as  regards  the  hydrion  concentration  of  the  blood 
expressed    ;  terms  of  pH  that  "probably  the  extreme  range 
expressea  i  :,  7  n  to  7  8     The  normal  range  is  possibly 

compatible  with  hfe  is  7.U  to  /.».  voluntary 

somewhat  narrower  than  -7.3  to  7.5      and  that     Jy  7^         J 
deep  breathing,  CO.  may  be  blown  off  untd  blood  ^^^^^^y'^^, 
to  a  pH  of  7.7  or  7.8  (Davis,  Haldane,  and  Kennaway    1920 
Colhp  and  Backus,   1920)  at  which  point  symptoms  of  tetany 

To'^etermine  the  effect  of  such  "voluntary  ^-P  breathing^; 
upon  sahvary  pH,  nine  subjects  were  P  ^^^  out  of  doors^m 
mediately  after  a  salivary  pH  determination  ^ad  been  ma^^^^^^^ 

each  case,  and  were  required  to  "^-1^,  ^^^  ^sed  for  0 
and  exhale  forcefuUy,  keeping  the  mouth  tftly  closed  for  lU 
minutes,  at  the  expiration  of  which  time  ^^^^^^^J^^ .^^J^ 
again  determined.  The  results  are  given  m  Table  "  mcludmg 
those  obtained  from  IFT  after  ingestion  of  15  gm  of  sodium 
bicarbonate,  indicated  in  the  table  by  the  asterisk  (). 

Table  II  shows  clearly  that  voluntary  deep  breathing  m  te 

open  air  for  10  minutes  ^^^1^^^;^^^:^^^^^:, 
increases  noted  ranged  from  0.15  to  l.lo.     It  is  evia      , 
that  any  interpretation  of  salivary  PH/^dings  must  take  mto 
consideration  the  breathing  habits  of  and  the  air  breathed  by  the 

'"^Thf  factors  discussed  above,  in  addition  to  uncontrolled  loss  of 
CO.,  probably  furnish  the  explanation  of  the  divergencies  and 
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contradictions  in  the  reports  of  various  investigators  of  the 
"acidity"  of  mixed  saliva  in  various  dental  conditions,  which 
have  led  some  to  regard  an  acid  and  others  an  alkaline  saliva  as 
indicative,  and  indeed  causative,  of  the  same  dental  disease. 
In  1916,  Gies  (10)  stated  that  he  had  concluded  it  to  be  "bio- 
logically absurd  to  deduce  anything  of  diagnostic  dental  import 
from  the  nature  and  degree  of  reaction  of  any  specimen  or  any 
pair  of  specimens,  of  sahva  from  anybody  under  any  conditions." 
This  conclusion  is  sweeping,  but  the  explanation  is  no  doubt 

TABLE  II. 

The  Effect  of  Voluntary  Deep  Breathing  upon  Salivary  pH. 


Reaction  of  saliva. 

Initial. 

After  10  niin.  deep 
breathing. 

Increase. 

pH 

pH 

pH 

KH 

6.75 

6.90 

0.15 

GQ 

6.70 

6.85 

0.15 

T 

6.75 

6.95 

0.20 

IFT 

6.65 

6.85 

0.20 

IG 

6.50 

6.75 

0.25 

GXT 

6.85 

7.10 

0.25 

KN 

6.40 

6.70 

0.30 

KKs 

6. SO 

7.30 

0.50 

BMT 

6.25 

6.85 

0.60 

IFT* 

5.80 

6.95 

1.15 

♦After  the  ingestion  of  15  gm.  of  sodium  bicarbonate. 

found  in  the  simple  fact  that  breathing  conditions,  probably 
through  their  effect  upon  the  carbon  dioxide  tension  of  the  blood 
and  of  the  alveolar  air,  determine  largely  the  free  carbon  dioxide 
content  of  the  mixed  saliva  and  thereby  its  hydrion  concentration. 

Diurnal  Rhythm  in  Salivary  pH  during  Fatigue  and  Excitement. 

The  findings  of  Chittenden  and  Richards  (11),  of  Cohn  (12),  and 
of  van  der  Molen  and  Offringa  (13)  indicated  a  diurnal  rhythm 
in  salivary  alkalinity.  It  appeared  not  unlikely  that  there 
might  be  found  a  diurnal  rhytlmi  in  salivary  pH.  Accordingly 
salivary  pH  determinations  were  made  on  a  subject  at  half  hour 
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intervals  from  7.00  a.m.  to  6.00  p.m.  on  a  day  of  mixed  diet  and 
rctl^ty   on  a  day  of  mixed  diet  and  normal  activity,  on  a  day 
of  at  toco  from  food  and  inactivity,  and  on  a  day  of  abstmence 
tm  food  and  normal  activity.     The  results  iridicated  a  drop 
.pH  soon  after  the  ingestion  of  food,  followed  by  a  -e  -cePt 
nHns  an  afternoon  of  fairly  strenous  activity  when  there  was  a 
t    Sy  faU  dmLg  the  afternoon  working  hours.     Nine  similar 
determinations  were  made  on  seven  other  subjects  on  days  of 
^Z  diet  and  normal  working  activity      They  ^so  showed  de- 
creasing saUvary  pH  with  increasmg  ^^'f'^'^^'^'^^fJ^lZ 
vestigation  four  of  the  subjects  were  emotionally  excited  at  the 
Tme  of  the  collection  of  a  specimen  of  saliva-one  by  fear  and 
th'ee  by  anger.     In  each  instance  the  salivary  pH  showed  a 
.h'rp  Se  during  excitement  and  a  subsequent  lowermg  of  sali- 
varvpH  as  the  excitement  subsided.     The  increases  noted  were 
0.60,  0.4.5,  0.50,  and  0.20  pH  during  excitement. 

Salivary  pH  of  Normal  Subjects  and  Stammerers. 

These  findings  were  discussed  with  Dr.  E  B.  Twitm,-er,  Direc- 
tor of  the  Clinic  for  Speech  Defects  at  this  umvers^.^      n  his 
examination  of  stammerers  for  many  years,  he  has  ^^^^  ^^^^^J 
large  number  of  them  have  so  little  chest  expansion  o    -e  ^^^^ 
shallow  breathers  that  they  may  be  termed   '  sub-biea  heis 
Often   lull  and  lethargic,  many  appear  to  be  chromcal^  fatigued 
Another  type  of  stammerer  which  he  ^^^  ^t^^,  ^^V\\^^^?  2 
citable    psychopath.     It  appeared    probable    that    the       .ud 
blathers'' 'wouM  show  a  low  saUvary  pH  and  the  chro-a^ly 
excited  psychopaths,  a  high  salivary  pH.     ^^^^^f  ^^P^' .tg 
terminations  were  made  upon  610  specimens  of  ^^^,;;^ 
healthv  normal  individuals,  200  specimens  froin  o8  t>  P-al  />ub 
breathing"   stammerers,    and  50  specimens  f™m   10   d^s  n  tiy 
psychopathic   stammerers.     In  e^'^^-^/^.^t^^^^^  f !,  ^'^  *   ^'s 
kept  closed  for  a  period  of  5  minutes- dunng  which  the  sal. a  .as 
aUowed  to  collect  naturally.     It  was  then  ejected  and  its  pH 
immediately  determined.^    The  results  expressed  m  term,  of^ rel- 
ative frequency  are  shown  in  the  form  of  a  triple  graph  m  Fig.  3. 

.  For  a  detailed  report  of  the  work  on  stam^erers^  'f'^'Z'Tp.l^koZ 
logical  technique,  interpretations,  etc.,  see  Starr,  H.  E.,  Am.  J.  y.VJcnoL, 


1922,  xxxiii,  394. 
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Fig.  3  indicates  that  the  saHvary  pH  of  the  sub-breathers  as  a 
class  is  distinctly  below,  and  that  of  the  psychopaths  distinctly 
above,  that  of  the  normal  individual.  The  range  of  pH  values 
for  normal  individuals  was  found  to  be  from  5.75  to  7.05.  The 
mean  was  6.6,  the  median  6.6,  and  the  mode  6.6  to  6.7  inclusive. 
86  per  cent  of  the  specimens  ranged  from  6.35  to  6.80  inclusive. 

Emotional  Excitation. 

As  a  further  test  of  correlation  between  sahvary  pH  and  emo- 
tional excitement,  the  following  procedure  was  adopted.  The 
salivary  pH  of  a  subject  was  determined.  He  was  then  sub- 
jected to  an  emotionalizing  stimulus,  carefully  standardized, 
of  such  character  that  it  produced  no  effect  upon  either  a  dull  or 
normally  stable  individual,  but  was  quite  sufficient  to  disturb 
the  unstable  equilibrium  of  a  hyperexcitable  subject.  After  5 
minutes  of  such  stimulation,  during  which  he  was  instructed  to 

TABLE  III. 
The  Effect  of  an  Emotionalizing  Stimulus  upon  Salivary  pH. 


Average 
initial  pll. 

Average  increase  above 
initial  pH  after 

5  min.  stimulus. 

10  min.  rest. 

pH 
5.80 

7.24 

pH 
0.04 
0.40 

pH 
0.05 

Excitable 

0.12 

keep  his  mouth  closed,  the  saUvary  pH  was  again  determined. 
He  was  then  allowed  a  10  minute  rest  period,  after  which  a  third 
salivary  pH  determination  was  made.  Each  time  a  specimen  of 
sahva  was  taken,  a  clinical  diagnosis  of  the  subject's  emotional 
condition  was  made  and  recorded.  Twenty-seven  'sub- 
breathers"  and  ten  psychopaths  were  thus  examined.  The  re- 
sults are  summarized  in  Table  HI  and  tend  to  confirm  the  con- 
clusion that  emotional  excitement  is  accompanied  by  increase  in 
salivary  pH. 

Fig  3  is  adapted  from  Charts  1  and  2  in  the  above,  the  values  having 
been  corrected  to  approximate  more  closely  the  actual  salivary  pH.  how- 
ever, inasmuch  as  Method  B  was  employed  in  making  these  determinations. 
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CONCLUSIONS. 

1.  The  hydrogen  ion  concentration  of  human  mixed  saHva  has 
been  found  to  vary  directly  with  the  alveolar  CO2  after  the  noon 
meal.  It  was  also  found  to  vary  inversely  with  the  hydrion 
concentration  of  the  urine  after  the  ingestion  of  large  doses  of 
NaHCOs.  Mgorous  forced  breathing  in  the  open  air,  with  mouth 
closed,  resulted  in  decreased  acidity  of  the  mixed  saliva. 

2.  The  [H"^]  of  the  mixed  saliva  was  found  to  vary  inversely  with 
the  degree  of  energy  displaced  by  an  individual,  increasing  during 
fatigue  and  decreasing  during  emotional  excitement. 

3.  A  group  of  stammerers  who  were  habitually  deficient  in 
the  use  of  their  lungs  and  lethargic  in  behavior,  showed  a 
characteristically  high  salivary  [H+].  A  group  of  hyperexcitable 
psychopathic  stammerers  showed  an  equally  characteristic  low 
saUvary  [H"*"]. 

4.  610  specimens  of  human  mixed  saliva  collected  from  228 
healthy  normal  subjects  varied  in  hydrogen  ion  concentration 
from  pH  5.75  to  7.05.  86  per  cent  of  the  specimens  were  between 
pH  6.35  and  6.80  inclusive.  The  mean,  mode,  and  median  prac- 
ticallv  coincided  at  about  pH  6.60. 

5.  These  observations  indicate  that  the  [H+]  of  the  mixed  saliva 
parallels  the  alveolar  CO2  and  the  H2CO3  content  of  the  blood,  rather 
than  the  [H+]  of  the  blood. 
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THE  STRUCTURE  OF  FUCOSE. 

By  E.  p.  CLARK. 
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Washington.) 

(Received  for  publication,  July  3,  1922.) 

Some    relationships    existing   between    the    constitution  *and 

optical  rotatory  powers  of  certain  ^^^^"^ ^'';''^''J''  lZl\Z 
discovered  by  Hudson  and  by  Levene.  Hudson  (1)  found  that 
when  the  formula  of  a  sugar  acid  lactone,  i.e.,  a  ganuna  lactone, 
is  written  vertically  thus, 


O 

1      2 
O 
-C-      I      3 


-i- 

I 
-C- 


the  compound  wiU  rotate  to  the  right  when  the  lactone  nng  is 
on  the  right  of  the  carbon  chain;  and,  vice  ve,-sa,  when  -the  nng 
is  on  the  left  of  the  chain,  the  compound  will  be  levo-rotatory^ 
As  the  position  of  the  ring  is  determined  by  the  position  which 
the  hydroxyl  group  had  on  the  carbon  atom  4  before  the  ring  was 
formed,  a  means  of  determining  the  position  of  the  hydroxy 
group  on  this  carbon  atom  is  thus  available.     He  also  found  (2) 
that  the  dextro-rotatory  amides  of  the  sugar  acids  have  the  hy- 
droxyl group  on  carbon  atom  2  on  the  right  of  the  carbon  chain, 
while  the  levo-rotatory  amides  have  the  hydroxyl  on  the  left. 
Levene  (3)  found  that  the  same  principle  holds  for  metaUic  salts 
and  phenylhydrazides  of  the  sugar  acids. 
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Now  the  confi^iration  of  fucose  has  been  established  (4)  to 
be  that  of  a  methyl  pentose, 

H  O 

\   / 
C  1 

I 
HO-C-H  2 

I 
H-C-OH        3 

■    I 
H-C-OH        4 

C    HOH     5 


i 


H, 


the  position  of  the  hydroxyl  group  on  carbon  atom  5  not  having 
yet  been  determined.  It  would  follow  from  the  above  that  if  a 
methyl  tetronic  acid  lactone  could  be  obtained  from  fucose,  it 
would  be  possible  to  apply  the  above  rule  to  it  and  thus  determine 
the  position  of  the  hydroxyl  group  on  carbon  atom  4  of  the  lac- 
tone, which  corresponds  to  carbon  atom  5  in  fucose.  Previous 
to  the  present  investigation  this  compound  had  not  been  pre- 
pared; but  Hudson  and  Chernoff  (5)  obtained  a  methyl  tetronic 
acid  lactone  from  rhamnose  by  applying  a  method  devised  by 
Nef,  Hedenburg,  and  Glattfeld  (6),  for  the  oxidation  of  pentoses 
to  the  corresponding  tetronic  acids.  The  same  results  should 
be  expected  from  fucose,  giving  the  methyl  tetronic  lactone  de- 
sired. This  proved  to  be  the  case.  A  yield  of  7.5  gm.  of  the 
substanpe  was  obtained  from  50  gm.  of  fucose.  The  lactone  was 
strongly  levo-rotatory  (  —  63.65°),  which  indicates  that  its  configu- 
ration is 

O 


1 

2 

3 

I 
-C-        4 


i 


Ha 
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and  hence,  the  configuration  of  fucose  is 

H         O 

Y  ' 

HO-C-H       2 

I 
H-C-OH    3 

H-C-OH    4 

HO-C-H      5 

1 
C     Ha 

This  is  in  accordance  with  the  conclusion  reached  by  Mayer  and 
ToUens  (7),  based  upon  the  siniilarity  of  the  specific  rotation  of 
Z-galactose  (-81°)  and  fucose  (-75.5°). 

Incidentally,  the  position  of  the  other  three  hydroxy!  groups 
in  fucose  may  be  verified  by  the  same  hne  of  reasoning     Fuco- 
nic  acid  lactone  (8)  is  dextro-rotatoiy  (+71.7°);  there  ore    the 
.    hvdroxyl  on  the  carbon  atom  4  wiU,  according  to  the  rule,  be  on 
the  right  of  the  carbon  chain.     Fuconic  amide,  on  the  other  hand, 
as   wiU   be  shown  in   the   experimental   part,   is  levo-rotatory 
(-31  13°);  hence,  the  position  of  the  hydroxyl  group  on  carbon 
atom  2  is  on  the  left  of  the  carbon  chain.     The  amide  of  the  methyl 
tetronic  acid  was  prepared,  as  described  below,  so  that  the  posi- 
tion of  the  hydroxyl  group  on  carbon  atom  2  in  thrs  compound, 
corresponding  to  carbon  atom  3  in  fucose,   could  be  venfi^d. 
This   substance   was  found   to   be   dextro-rotatory    (+18-^«^' 
therefore,  the  hydi-oxyl  group  on  this  carbon  atom  is  on  the  light 
of  the  chain.     Its  position  is  further  estabUshed  as  Hudson  has 
pointed  out  (4)  by  the  fact  that  the  methyl  hexonic  lactone  pre- 
mred  by  Mayer  and  ToUens  from  fucose  (9)  is  dextro-rotatory 
(+33  3°)      It  wiU  be  seen  from  the  formula  that  the  carbon 
atom '2  in  the  methyl  tetronic  acid  becomes  carbon  atom  4  in 
either  of  the  two  fucohexonic  acids.  .^  ,     ^ 

Thus  by  the  preparation  of  the  methyl  tetromc  acid  lactone 
from  fucose  and  the  apphcation  of  the  above  rules  to  this  sub- 
stance, the  position  of  the  hydroxyl  group  on  the  carbon  atom  5 
of  fucose  has  been  determined.     Likewise,  the  positions  of  the 
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hydroxyl  gi-oups  on  carbon  atoms  2,  3,  and  4  of  this  sugar,  hereto- 
fore determined  by  purely  chemical  means,  have  been  verified. 

The  present  communication  also  contains  an  improved  method 
for  the  preparation  of  fucose. 

EXPERIMENTAL. 

Preparation  of  Fucose. 

About  10  kilos  of  seaweed,'  wliich  has  been  air-dried  sufficiently 
to  become  brittle,  are  coarsely  ground  in  a  meat  chopper.  The 
ground  material  is  then  treated,  at  room  temperature  for  2  days, 
with  3  per  cent  HCl  (3  liters  to  each  kilo),  after  which  it  is  re- 
peatedly washed  with  water  by  decantation  until  the  washings 
are  no  longer  acid  to  Utmus.  The  residue  is  pressed  out  and 
dried. 

1  kilo  of  the  dried  substance  is  added  to  8  liters  of  boiling  2 
per  cent  suKuric  acid  and  simmered  for  3  hours.  The  undis- 
solved material  is  filtered  upon  large  Buchner  funnels  and  thor- 
oughly washed.  The  sulfuric  acid  in  the  filtrate  and  washings 
is  neutraUzed  with  a  paste  of  precipitated  barimn  carbonate. 
The  resulting  barium  sulfate  is  removed  by  filtering  the  solution 
through  a  thin  layer  of  decolorizing  carbon  on  moistened  filter 
paper  in  a  Buchner  funnel.  The  filtrate  is  treated  with  basic 
lead  acetate  until  no  further  precipitate  is  formed.  The  solu- 
tion is  next  freed  from  the  lead  precipitate,  and  the  excess  of  lead 
in  the  filtrate  removed  by  the  cautious  addition  of  dilute  sulfuric 
acid.  After  the  removal  of  the  lead  sulfate  the  solution  is  evapor- 
ated under  chminished  pressure  to  a  syrup  of  al^out  175  cc.  This 
syrup  is  dissolved  in  an  equal  volume  of  methyl  alcohol  by  warm- 
ing on  a  water  bath  and  sufficient  ethyl  alcohol  added  to  make 
2  hters.  The  precipitate  formed  is  filtered  upon  decolorizing 
carbon,  as  outUned  above,  and  the  filtrate  evaporated  to  150  cc. 
The  syrup  is  washed  from  the  flask  with  small  portions  of  absolute 
alcohol  by  warming,  and,  when  all  is  removed,  sufficient  absolute 
alcohol  is  added  until  the  solution  has  a  volume  of  450  cc.  75 
gm.  of  phenylhydrazine  are  added  and  the  mixture  is  placed  in 

>  The  material  used  in  this  work  was  Ascopkyllum  nodosum,  which  was 
obtained  from  Woods  Hole,  Mass.,  through  the  courtesy  of  Dr.  R.  E.  Coker 
of  the  United  States  Bureau  of  Fisheries. 
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an  ice  box  over  night  to  crystallize  completely  The  hyclmzone 
is  filtered  and  washed,  first  with  absolute  alcohol  and  finaUy 
with  ether.     The  yield  is  100  gm.  ,  •       ^  •     ., 

To  obtain  the  sugar,  the  hydrazone  thus  prepared  is  sufficiently 
pure      75  gin.  of  the  material  are  suspended  in  1,800  cc.  of  water 
which  is  heated  to  about  90°C.  and"  36  gm.  of  benzaldehyde  are 
added  while  the  mixture  is  rapidly  stirred.     The  stirring  is  con- 
tinued for  I  to  !  of  an  hour.     It  is  advantageous  to  have  an 
atmosphere  of  carbon  dioxide  in  the  flask  to  prevent  the  benza  c  e- 
hyde  from  becoming  oxidized.     After  removing  the  benzalcle- 
hvde  phenvlhydrazone  the  filtrate  is  treated  with  carbon.     The 
fucose  solution  is  then  concentrated  to  a  thick  syrup  and  dis- 
solved in  800  cc.  of  hot  absolute  alcohol.     Some  impm-ities  are 
thrown  out  by  this  process,  so  the  solution  is  filtered,  after  which 
it  is  concentrated  to  about  50  cc.     This  syrup  is  removed  to  a 
beaker  and  the  flask  washed  out  with  small  portions  of  absolute 
alcohol  by  warming,  50  cc.  in  all  being  used  for  this  pmpose      The 
sugar  begins  to  crystaUize  almost  at  once,  and  the  crystalhza- 
tion  is  completed  over  night  in  an  ice  box.     It  is  freexl  from 
mother  hquor,  washed  with  absolute  alcohol  and  ether,  and  dried. 
The  jdeld  is  38  to  40  gna.     A  sample  of  tliis  material  had  the 
following  rotation: 

[„]'J  =  _  75.55°  (2.5015  gm.  dissolved  in  50  cc.) . 

Generally,  another  smaU  crop  of  crystals  may  be^  obtained  by 
concentrating  the  mother  hquors.  " 

To  recrvstallize  the  sugar  it  is  dissolved  m  distilled  water 
making  a  25  per  cent  solution  and  treated  with  decolorizing  car- 
bon The  filtrate  is  concentrated  under  diminished  pressure  to 
a  thick  syrup  and  dissolved  from  the  flask,  by  warming  on  the 
water  bath,  with  3  volumes  of  absolute  alcohol,  then  allowed  to 
crystalUze.  The  crystals  are  washed  with  absolute  alcohol  and 
ether  and  dried.  The  mother  liquors  may  be  worked  over  so 
that  almost  a  quantitative  yield  is  obtained.  The  purified  sugar 
had  the  following  specific  rotation: 

[a]'„°  =  -  75.48°  (5.0742  gm.  of  sugar  in  100  cc). 
\X  .,.,  I       =  -  88.92°  (5.0742  gm.  of  sugar  in  100  cc.) . 

L"JX  5-161  A.  u. 
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Methyl  Tetronic  Acid  Lactone  from  Fucose. 

50  gm.  of  fucose  were  dissolved  in  250  cc.  of  water  and  added 
to  a  solution  of  93  gin.  of  KOH  dissolved  in  5,250  cc.  of  water. 
Air  freed  from  carbon  dioxide  was  continuously  drawn  through 
the  mixture  at  a  fairly  rapid  rate  for  60  hours  by  means  of  a  water 
pump.  During  worldng  houi's  the  solution  was  heated  to  40  to 
45°.  The  KOH  was  then  neutraUzed  and  the  organic  acids 
Uberated  by  the  cautious  addition  of  HCl.  This  was  determined 
by  means  of  thymol  blue.  Just  enough  HCl  was  added  to  give 
a  distinct  red  color,  showing  the  presence  of  free  HCl.  The 
solution  was  evaporated  under  diminished  pressure  until  a  fairly 
large  amount  of  KCl  had  separated.  This  was  filtered  off  and 
washed  with  a  httlc  cold  water  and  the  filtrate  adjusted  to  the 
point  where  all  the  free  HCl  was  exactly  neutralized.  Concen- 
tration was  continued  to  ahnost  dryness,  and  the  resulting  mass 
dissolved  in  a  httle  water,  and  again  evaporated  to  dryness  to 
insm-e  the  removal  of  formic  acid. 

The  residue  was  extracted  thi-ee  times  with  boiling  absolute 
alcohol,  250  cc.  being  used  for  each  extraction.  The  alcohohc 
Uquor  was  filtered  and  evaporated  to  a  thick  syrup,  cUssolved  in 
about  100  cc.  of  absolute  alcohol,  and  again  evaporated.  The 
resulting  syrup  was  extracted  with  500  cc.  of  dry  ethyl  acetate. 
An  insoluble  g-um  remained,  while  the  supernatant  liquid  was 
cloudy;  but,  after  a  day,  an  insoluble  gum  separated  leaving  a 
clear  solution.  This  solution  was  evaporated  under  diminished 
pressure  to  a  mobile  hquid  wlaich  was  exhausted  with  dry  ether 
by  vigorous  shaking  for  some  time.  After  a  day  the  ether  layer 
was  clear  and  a  gum-Uke  substance  separated.  Upon  stancUng 
2  days  more,  beautiful,  long  crystals  appeared  on  the  walls  of 
the  flask  while  the  insoluble  material  was  a  semisohd  mass  of 
crystals.  The  ether  was  decanted  and  the  crystals  were  dis- 
solved by  warming  in  30  cc.  of  ethyl  acetate.  Upon  coohng, 
the  solution  imm.xliately  crystallized.  The  yield  of  the  crude 
product  was  7.5  gm.  The  substance  was  removed  from  the 
mother  hquor  and  recrystaUized  from  a  few  cc.  of  ethyl  acetate. 

Its  melting  point  was  111°C.,  uncorrected.  The  substance  when  first 
dissolved  in  water  was  neutral,  but  gradually  became  acid,  showmg  its 
lactone  character.    0.0928  gm.  of  the  material  was  dissolved  m  10  cc.  of 
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to  cool.     The  excess  o   ^^^^^^^^Z^.m^,,  required  7.01  cc.  of  0.1  N 
thalein  as  an  indicator.     I"  *f '.''.''y .       C^HsO,    7  03  cc.    The   optical 
KOH  for  neutralization;  '^-''f;''lll\%r^^,  ais.olved  m 
rotation  of  the  substance  was  as  fo^^^J  ■  ^ '  -^"^  |      „  ^^  ^^^  left  in  a  2  dm. 
water  at  20°C.  rotated  the  plane  of  polarized  light  6 . d«   to 
tube  using  sodium  light.    Therefore, 

r  ,,.  _  (100Hj:^_6:38)  ^  _  gg  ggo 

Hd-  4(1.2529)  (2) 

0.2028  gm.  of  substance  gave  on  combustion  0.1101  gm.  of  water  aitd 

0.3379  gm.  of  CO2.  r  ^li  43  H  6  10. 

C^sO.    Calculated.  C45.4^.H^.^^ 

ilfei/iyl  Tetronic  Amide. 

Sd  '"C  1  -o-Vli  :Se  ccUd  not  be  induced;  so  after 
Tday,  the  U<,uid  was  evaporated  under  *-"*^  P^-;:/; 
about  10  cc,  and  10  cc.  of  dry  ether  «ere  added     Aftei  a  v,em 

'^Tarnation  commenced  and  waa  complete  .n  a  v^J  *ort 
cp^staiuzat,  ^^^^  ^^^^^j^  ^^^^^j  „,,, 

r,„t",ir:d  ethe.  Jd  dried     T!.^d  w^s  2^  gn- 

The  melting  point  of  the  crude  substance  was  112  uncollected. 
To  rcrystauL  the  compound,  it  was  dissolved,  by  warmang 
i^  15  cc  of  absolute  alcohol,  filtered,  and  15  cc.  of  dry  ether  were 

added. 

•  i  110  K"     T+a  snpcifie  rotation  was  as  follows: 

polarized  fight  0 .74»  to  the  right,  using  a  2  dm.  tube ;  hence, 
,.  _  (100)  (+0.74°)  ^  ^  ;^8_480 
l"!-'  ~  (4)  (0.5006)  (2) 

Nitrogen  was  determined  by  the  Kjeldahl  metliod. 
0  2537  gm.  of  substance  used  17.07  cc.  otO.l  ^ ^)^^- 
CsHi.OiN.     Calculated.  N9.40. 

Found.  "  9-43. 

Fuconic  Amide. 
This   substance  has  not  hitherto  been  recorded.     15  gn^.  of 
fucose  were  dissolved  in  75  cc.  of  water  and  15  gm.  of  bromine 
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added.  Upon  shaking  occasionally,  during  1  hour,  the  bromine 
was  dissolved.  The  solution  was  allowed  to  stand  for  2  days, 
after  which  the  excess  of  bromine  was  removed  by  distillation 
under  reduced  pressure.  The  resulting  liquid  was  made  neutral 
with  sodium  hydroxide  and  then  treated  with  slightly  more  than 
the  calculated  amount  of  barium  chloride.  Bariiun  fuconate 
immediately  began  to  crystallize,  the  crystallization  being  com- 
plete as  soon  as  the  solution  cooled  to  room  temperature.  The 
yield  was  19.5  gm.  The  bariimi  was  removed  from  10  gm.  of 
this  salt  by  the  addition  of  sulfuric  acid.  The  resulting  solution 
was  freed  from  barimn  sulfate  and  evaporated  under  diminished 
pressure  to  a  thick  syrup,  after  which  it  was  heated,  in  vacuo, 
at  the  temperature  of  a  boiling  water  bath  for  ^  hour.  The  res- 
idue was  dissolved,  by  warming,  in  150  cc.  of  absolute  alcohol,  and 
filtered.  The  filtrate  was  evaporated  to  a  thick  syrup,  dissolved 
in  100  cc.  more  of  absolute  alcohol  and  again  evaporated  to  a 
syrup.  This  was  dissolved  in  60  cc.  of  absolute  alcohol  and  the 
solution  saturated  with  dry  ammonia.  CrystaUization  of  the 
amide  began  within  a  few  minutes. 

The  melting  point  of  the  crude  product  was  180.5°,  uncorrected.  Upon 
recrystallizing  from  85  per  cent  alcohol  its  melting  point  was  unchanged. 

1.0021  gm.  of  substance  in  water  to  make  50  cc.  rotated  the  plane  of 
polarized  light  1.248°  to  the  left,  using  a  2  dm.  tube;  hence, 

r  ,.,      (100)  (-  1.248)  _  „ 

Wi- =  T(r002iH2r  ~  ~ 

By  Kjeldahl  estimation  0.3037  gra.  of  substance  used  16.86  cc.  of  0.1 

nHCI. 

CbHuOsN.     Calculated.  N7.82. 

Found.  "  7.78. 

SUMMAEY. 

1.  An  improved  method  for  the  preparation  of  fucose  is 
described. 

2.  The  methyl  tetronic  acid  lactone  from  fucose  has  been  pre- 
pared, and  from  its  optical  properties  the  position  of  the  hydroxyl 
group  on  carbon  atom  5  of  fucose  has  been  determined,  thus  giv- 
ing the  complete  structure  of  fucose. 

3.  The  amides  of  the  methyl  tetronic  acid  and  fuconic  acid 
have  been  prepared,  and  from  a  study  of  their  optical  properties, 
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together  with  those  of  fuconic  lactone,  the  positions  of  the  hy- 
droxyl  groups  on  carbon  atoms  2,  3,  and  4  of  fucose,  heretofore 
determined  by  purely  chemical  means,  have  been  verified. 
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DIETARY  FACTORS  INFLUENCING  CALCIUM 
ASSIMILATION. 

TTT    THE  COMPARATIVE  EFFICIENCY  OF  TIMOTHY  HAY,  ALFALFA 

HAY    X  TIMOTHY  HAY  PLUS   CALCIUM  PHOSPHATE 

(STEAMED  BONE  MEAL)  IN  MAINTAINING  CALCIUM 

AND  PHOSPHORUS  EQUILIBRIUM  IN  MILKING 

COWS.* 

ByE.  B.  hart,  H.  STEENBOCK,  C.  A.  HOPPERT,  andR.  M.  BETHIffi, 

{From  the  Devartment  oj  Agricullural  Chemistry,  University  of 
Wisconsin,  Madison.) 

AND  G.  C.  HUMPHREY. 

{From  the  Devartment  of  Animal  Husbandry,    University  of 
Wisconsin,  Madison.) 

(Received  for  publication,  July  17,  1922.) 

In  a  recent  publication  (1)  we  reported  evidence  secured  with 
Uberallv  milldng  cows  showing  that  it  was  possible  to  maintain 
calcium  and  phosphorus  equiUbrium  with  an  alfalfa  hay  wMch 
had  been  aired  under  caps  and  with  dried  grains  and  rtieir  con- 
centrated by-products  such  as  wheat  bran.     The  ahalfa  served 
as  the  principal  source  of  calcium  in  the  ration  and  the  grains 
and  wheat  bran  as  the  principal  source  of  phosphorus.     These 
results  we  beheve  are  of  some  importance  to  the  dairy  industry, 
although  they  are  not  in  harmony  with  observations  of  Forbes 
(2)    who  found  constant  negative  calcium  balances  m  milkmg 
cows  receiving  alfalfa  hay,  nor  with  observations  recorded  m 
this  paper  which  were  obtained  with  an  alfalfa  hay  cured  m  the 
windrow  for  4  days  with  exposure  to  air  and  light. 

In  these  later  experiments  we  have  extended  our  observations 
to  include  calcium  and  phosphorus  balances  on  lactatmg  cows 
receiving  in  succeeding  periods,  respectively,  timothy  hay,  al- 

*  Published  with  the  permis.sion  of  the  Director  of  the  Wisconsin  Agri- 
cultural Experiment  Station. 
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falfa  hay,  and  timothy  hay  phis  calcium  phosphate,  as  steamed 
bone  meal,  in  addition  to  corn  silage  and  a  grain  mixture.  We 
did  this  in  order  to  secure  further  data  on  the  effectiveness  of 
alfalfa  hay  in  maintaining  calcium  equilibrium  in  a  liberally 
milking  animal.  We  felt  certain  that  timothy  hay  grown  on  an 
acid  soil  and  containing  but  0.4  per  cent  of  calcium  oxide  would, 
even  when  supplemented  by  corn  silage  and  a  proper  grain 
mixture,  lead  to  a  negative  calcium  balance  with  milking  cows. 
Further,  if  the  negative  calcium  balance  obtained  on  the  timothy 
hay  could  be  changed  to  a  positive  calcium  balance  by  substitut- 
ing alfalfa  hay  for  the  timothy  hay  the  effective  properties  in 
respect  to  calcimn  assimilation  of  alfalfa  in  general  and  aKalfa 
in  a  dried  state  would  be  more  frrmlj'  established.  We  also 
wanted  to  know  how  efficient  calcium  phosphate,  added  to  timothy 
hay,  would  be  in  maintaining  calcium  equilibrium.  The  amount 
of  calcium  phosphate  added  was  such  as  to  make  the  intake  of 
calcium  approximately  the  same  as  when  the  animals  received 
alfalfa  hay. 

EXPERIMENTAL. 

We  used  three  animals  for  this  work.  No.  1  was  a  pure-bred 
Holstein;  No.  2,  a  pure-bred  Guernsey;  and  No.  3,  agradeHolstein. 
Their  weights  at  the  beginning  and  end  of  the  experimental 
period  were,  No.  1,  1,234  to  1.166  pounds;  No.  2,  1,185  to  1,096 
pounds;  No.  3, 1,119  to  1,119  pounds.  They  were  all  fresh  milkers. 
No.  1  had  freshened  in  November,  1921 ;  No.  2,  in  September, 
1921 ;  and  No.  3,  in  November,  1921.  This  experiment  was  begun 
December,  1921. 

These  animals  were  confined  to  metabolism  stalls  for  a  total 
period  of  13  weeks  with  quantitative  collection  of  the  excreta 
by  men  working  in  three  8  hour  shifts.  None  of  the  animals  was 
with  calf  although  they  were  all  bred  during  the  experimental 
period. 

A  definite  daily  aliquot  of  feces,  urine,  and  milk  was  composited 
for  a  period  of  7  days  and  analyses  for  phosphorus  and  calcium 
were  made  upon  these  composite  samples.  The  feces  were  dried 
and  finally  analyzed  in  an  air-dried  condition.  Phosphorus  was 
determined  in  the  urine  by  the  Neumann  method,  and  in  the  feeds, 
feces,  and  milk  after  ashing  with  magnesiurn  nitrate.  Calcium 
was  always  determined  by  McCrudden's  method. 
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The  feeds  used  in  Period  1,  which  was  for  4  weeks,  were  a 
timotlv  hav  grown  on  an  acid  soil,  com  silage,  and  agrammix- 
u"e  consisting  of  60  parts  of  yellow  corn,  15  parts  of  oil  meal 
and  25  parts  of  wheat  bran.  The  proportions  used  were  10 
pounds  0?  hay  for  each  animal  per  day;  20  to  25  pounds  of  sdage 
pe  Tay  and  approximately  1  pound  of  the  gram  mixture  for  3 
rounds';f  miUc'produced  per  day.  Animal  1  -eived  ^^^^^ 
of  grain  dailv;  No.  2,  7  to  8  pounds;  and  No.  3,  U  pounds 

In  Period  "2  the  10  pounds  of  timothy  hay  were  displaced  by 
10  pounds  of  alfaKa  hay;  the  com  silage  remained  t^e  same;  bu 
the  grain  mixture  was  changed  to  one  consisting  of  70  paits  of 
yellol  com,  25  parts  of  wheat  bran,  and  5  parts  of  oil  meal.  The 
S  amount  o  grain  mixture  allowed  each  animal  was  the  same 
as  n  P^Hod  1.  This  change  in  the  proportion  of  ingredients  in 
the  gran  mixture  was  made  for  the  purpose  of  keeping  the  pro- 
tein'ntake  of  the  two  periods  much  ahke.  The  alfaKa  hay  used 
w^  second  cutting,  grown  on  the  University's  farm  and  cured 

r:j  ::i:v  li.  Although  exposed  ^or^^y^^^^jz 

it  retained  its  green  color  to  a  considerable  extent.     It  was    ed 
cut  as  was  done  with  the  timothy  hay.     This  period  of  observa- 
tion was  also  for  4  weeks.  -d    •  ^  i  „.o«  fpri    but 
In  Period  3  the  same  ration  as  used  m  Period  1  was    ed,  but 
with  an  addition  of  steamed  bone  meal,  in  amounts  -h-h  ^^^^^^ 
make  the  calcium  content  of  the  ration  in  Period  3  practicaUy 
Tqual  to  that  of  the  alfaKa  ration  or  the  feed  mixtui-e  used  m 
Period  2.     To  accomplish  this  the  amount  of  steamed  bone  meal 
added  daily  was  200  gm.  per  individual.     The  steamed  bone 
meal  used  was  that  prepared  by  the  United  Chemical  andO  - 
"anic  Products  Company  of  Chicago,  and  sold  by  t^^-  -P;-^>' 
L  animal  feeding.     This  period  of  observation  was  for  ^^t^ 
We  ran  it  for  a  longer  time  purposely  m  order  to  obliterate    he 
effect  of  the  possible  storage,  during  the  aKaKa  period,  of  nut  i- 
rional  factors'that  might  obscure  our  results  on  ti^thy  hay  ^ 
steamed  boxie  meal.     It  would  be  entirely  possible  that  a  lesidual 
effect  from  the  aKaKa  period  would  be  of  such  long  durari^  as 
to  vitiate  wholly  the  results  of  a  succeeding  period  with  timothy 
hav    unlesl  run  for  a  period  sufficiently  long.     All  the  ammals 
receWef disS^d  wate'and  common  salt  throughout  the  entire 
period  of  observation. 
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In  Table  I  the  record  of  the  calcium  and  phosphorus  content 
of  the  feeds  used  is  given. 

In  Tables  II  to  IV  inclusive  are  the  records  of  income  and  outgo 
of  calcium  and  phosphorus  for  the  3  animals. 

In  Table  V  the  data  on  the  total  calcium  and  inorganic  phos- 
phorus content  of  the  blood  taken  from  the  jugular  vein  are 
given. 

These  determinations  were  made  on  the  serum,  the  inorganic 
phosphorus  by  the  method  of  Marriott  and  Haessler  (3)  and  the 
calcium  by  the  method  of  Halverson  and  Bergeim  (4). 

TABLE  I. 
Calcium  and  Phosphorus  Content  of  the  Feeds  as  Fed. 


Material. 


Timothy  hay 
Alfalfa  hay. . 
Corn  silage.. 
Corn  (grain). 

Oil  meal 

Wheat  bran. . 
Bone  meal.  . . 


CaO 


per  cent 

0.406 
2.55 
0.118 
0.023 
0.550 
0.158 
48.10 


P.Oi 


per  cent 

0.386 
0.514 
0.161 
0.543 
2.082 
2.796 
35.40 


DISCUSSION. 

As  was  expected,  decidedly  negative  calcium  and  phosphorus 
balances  were  obtained  during  the  timothy  hay  feeding  period. 
With  two  of  the  cows  (Nos.  1  and  3)  whose  daily  milk  production 
was  above  40  pounds,  the  negative  calcium  balances  were  as 
high  as  30  gm.  of  CaO  per  day  and  the  negative  phosphorus  bal- 
ances about  the  same.  In  the  case  of  Animal  2  with  a  daily 
milk  production  of  20  to  25  pounds,  the  calcium  loss  was  not  so 
large  as  with  the  other  two  animals.  During  this  period  the  daily 
calcium  intake  was  approximately  equal  to  the  daily  calcium 
content  of  the  milk  produced  by  Animals  1  and  3.  Although  m 
this  period  the  phosphorus  intake  was,  approximately,  three  times 
the  calcium  intake,  yet  negative  phosphorus  balances  resulted. 
This  would  be  expected.  While  negative  calcium  balances  ac- 
companied by  positive  phosphorus  balances  have  been  observed 
by  several  investigators,  yet  with  a  mature  animal  it  is  difficult 
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TABLE  II. 
Record  of  Calcium  Balance  of  Animalt^ 


Period. 


CaOin 

feces. 


CaO 


CaOin 

milk. 


Total 

CaO 

excreted. 


I  Total 

CaO 

intake. 


Balance 

per 

week. 


Balance 
per 
day. 


MUk 
per 

week. 


Timothy  hay  period^ 


Dec.  12-19.. 

"  19-26.. 

"  26-Jan 

Jan.  2-9 


gm. 
181.05 
158.38 
168.54 
175.06 


gm. 

1.92 

1.23 

0.54 

1.31 


om. 
291 . 16 
282.08 
239.68 
279.36 


gm. 

474.13 
441.69 
408.76 
455.73 


gm. 
258.57 
274.64 
274.64 
274.64 


gm. 
-215 
-167 
-134 
-181 


gm. 

-30.37 
-23.86 
-19.16 
-25.87 


327.2 
330.6 
332.6 
327.3 


Jan.  9-16 ...526.31 

"    16-23 i702.06 

<>    23-30 692.45 

Jan.  30-Feb.  6...l792,72 


Feb.  6-13 

"    13-20 

"    20-27 

"    27-Mar.  6 
Mar.  6-13 


5.15 
4.09 
3.22 
2.73 


269.12 
282.42 
258.99 
258.21 


800.58  935.79 
988.57  935.79 
954.66  935.79 
1,053.66  935. 


-fl35. 
-52. 
-18 
-117 


+19.31 
-7.54 
-2.69 
-16.84 


323.7 

328.4 
306.4 
309.1 


Record  of  Phosphorus  Balance  of  Animal  1 


Dec.  12-19.. 

"  19-26.. 

"  26-Jan 

Jan.  2-9 


gm. 
691.74 
696.41 
687.45 
695.52 


gm. 

2.93 

3.22 

3.01 

2.29 


gm.  gm. 

310.471,005.14 
300.09  999.72 
276.34  966  SO 
309.081,006.89 


gm. 
729.69 
751.62 
751.62 
751.62 


gm. 
-275.45 
-248.10 
-215.18 
-255.27 


-39.35 
-35.44 
-30.74 
-36.46 


Jan, 


9-16 

16-23 

23-30 

SO-Feb.  6 . . 


664. 90|  7.97  306.74 

553.15  15,40  300.25 
480.9313,75  288.23 
447. 40l  6.58|294.70 


979.61 
868.80 
782.91 
748.68 


742.41 
742.41 
742.41 
742.41 


-237.20 

-126.39 

-40.50 

-6.27 


-33.5 

-18  05 

-5.78 

-0.89 


Timothy  hay  +  bonejneal_period. 


Feb.  6-13 

"    13-20 

"    20-27 

"    27-Mar.  6. . 
Mar.  6-13 


927.87 
1,186.14 
1,052.44 
1,140.26' 
1,179.80' 


268.79I1. 206.25  1,247.22 
255.941,456,911,247.22 
■'54.621,313.311,247.22 
•H5  201,391.841,247.22 
268.611,453.5111,247.22 


4-40.97 
-209  69 

-66  09 
-144.62 


+5.85 
-29.95 
-9.44 
-20  66 


-206.29  -29.49 


TABLE  III. 
Record  of  Calcium  Balance  of  Animal  Z. 


Perioci. 


CaOin 
feces. 

CaO 

in 
urine. 

CaO  in 

milk. 

Total 

CaO 

excreted. 

Total 

CaO 

intake. 

Balance 

per 

week. 

Balance 
Jay. 

Milk 

per 

week. 


Timothy  hay  period. 


Dec.  12-19 

"    19-26 

"    26- Jan.  2. 
Jan.  2-9 


gm. 

ym. 

am. 

gvi. 

gm. 

gm. 

gm. 

174.35 

0.95 

141.90 

317.20 

241.28 

-75.92 

-10.84 

189.34 

0.74 

144.17 

334.25 

257.35 

-76.90 

-10.98 

167.36 

1.94 

149.94 

319.24 

237.58 

-81.66 

-11.66 

219.69 

1.02 

135.11 

355.82 

234.28 

-121.54 

-17.36 

lbs. 

164.5 

158.8 
166.8 
155  0 


Alfalfa  hay  period. 


Jan. 


9-16.. 
16-23. 
23-30. 


604.36 

780.89 
762.77 


0.80 
2.22 
2.39 


150.33 
164.09 
152.05 


755.49 
947.20 
917.21 


"    30-Feb.  6..  754.18    1.51159.34     915.03903.85     -11.18    -1.59164.0 


903.85 
903.85 
903.85 


+  148.36 
-43.35 
-13.36 


+21.19 
-6.19 
-1.91 


153.3 
165.8 
156.5 


Timothy  hay  + 

bone  meal  period. 

877.90 

2.50 

141,64 

1,022.02 

907.68 

-114  34 

-16.33 

791.74 

1.53 

133.62 

926.89 

907.68 

-19.21 

-2.74 

834.15 

o  22 

119.80 

956.17 

907,68 

-48.49 

-6.93 

670.03 

1.57 

104.49 

776.09 

907.68* 

+131.59 

+  18.79 

879.93 

1  66 

107.06 

988.65 

907.68 

-80.97 

-11.56 

Feb.  6-13 

"    13-20 

"    20-27 

"    27-Mar.  6 
Mar.  6-13 


143.1 
139.5 
128.2 
109.5 
113.3 


Record  of  Phosphorus  Balance  of  Animal  2. 


Period. 


PsOs  in 

feces. 

PiOs 

in 
urine. 

PiOt 

in 
milk. 

Total 

PjOs 

excreted. 

Total 

PiOs 

intake. 

Balance 

per 

week. 

Balance 
per 
day. 


Timothy  hay  period. 

Dec.  12-19 

gm. 

621.64 
583.85 
502.07 
701.10 

gm,. 

3.63 
3.97 
3.64 

4.77 

gm. 
164  30 
166  52 
168.11 
147.07 

gm. 

789.57 
754.34 
673.82 
852.94 

gm. 

568.57 
590.50 
532.15 
522.43 

gm. 

-221.00 
-163.84 
-141.67 
-330.51 

gm. 
-31.57 

"    19-26       

-23.40 

"    26-Jan.  2 

Jan.  2-9 

-20.28 
-47.21 

Alfalfa  hay  period. 


Jan.  9-16 

451.23 
413.74 
391.97 
390.45 

4.52 
2  63 
7.77 
3.82 

163.56 
173.88 
161.99 
170.50 

619.31 
590,25 
561.73 

564.77 

528.85 
528.85 
528.85 
528.85 

-90.46 
-61.40 
-32.88 
-35.92 

-12.92 

"    16-23 

-8.77 

"    23-30 

"    30-Feb.  6 

-4.69 
-5.13 

Timothy  hay  +  bone  meal  period. 


Feb.  6-13 

"    13-20 

"    20-27 

"    27-Mar.  6. 
Mar.  6-13 


850.72 

5.28 

144.87 

1,000.87 

1,018.03 

+  17.16 

1,015.45 

4  01 

142.61 

1,162,07 

1,018  03 

-144  04 

1,115.16 

4.59 

125  62 

1,245.37 

1,018.03 

-227.34 

840.39 

4.13 

115.54 

960  06 

1,018.03 

+57.97 

1,048.24 

4.93 

122.28 

1,175.45 

1,018,03 

-157.42 

+2.45 
-20.58 
-32.47 
+8.28 
-22.49 


*  Indicated  positive  balance  not  an  actuality,  due  to  incomplete  con- 
sumption  not   here   recorded. 
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TABLE  IV. 
Record  of  Calcium  Balance  0/  Animal  3. 


Period. 


CaO  in 
feces. 


CaO 


CaO  in 
milk. 


Total 

CaO 

excreted. 


Total 
CaO 

intake. 


Balance 

per 

week. 


Balance 

per 
.  day. 


Milk 

per 

week. 


Timothy  hay  period 


Dec.  12-19 

"    19-26 

"    26-Jan.  2. 
Jan.  2-9 


gm. 

259.31 

246.47 
246.94 
258.21 


gm 

0.44 

0.38 

0.69 

0.56 


gm. 

gm. 

gm. 

gm. 

gm. 

lbs. 

227.22 

486.97 

254.25 

-232.72 

-33.24 

272.4 

231.43 

478.28 

270.32 

-207.96 

-29.71 

283.2 

241.24 

488.87 

270.32 

-218.55 

-31.22 

273.9 

212.29 

471.06 

270.32 

-200.74 

-28.67 

260.7 

Alfalfa  hay  period. 


Jan.  9-16 

"  16-23 

"  23-30 

"  30-Feb.  6. 


458.49 
753.58 
736.40 
750.3' 


0.89  207.49 
1.69  207.39 
0.89  207.32 
2.41205.83 


666.87 
962.66 
94r4.61 
958.61 


866. 50 
932.16 
932.16 
932.16 


+  199.63 
-30.50 
-12.45 
-26.45 


+28.52 
-4.36 
-1.78 
-3.78 


253.9 
251.0 
251.7 
248.1 


Timothy  hay  +  bone  meal  period. 


Feb. 


6-13 

"    13-20 

"    20-27 

"    27-Mar.  6 
Mar.  6-13 


955.96   2.40 


887.04 
800.86 
774.24 
877.89 


2.36 
2.09 
1.67 
1.87 


198.93 
184.05 
181.91 
186.06 
183.76 


1,157.29 

1,073.45 

984.86 

961.9' 

1,063.5 


943.72 

943.72 

943.72 

943.7 

943.72 


-213.57 

-129.73 

-41.14 

-18.25 

-119.80 


-30.51 
-18.53 

-5.88 
-2.61 
17.11 


235.6 
233.0 
222.6 
215.7 
215  3 


Record  of  Phosphorus  Balance  of  Animal  S. 


Period. 


PiOs  in 
feces. 


PsO. 


PaOs 
in 

milk. 


Total 

PjOs 

excreted. 


Total 

PiOs 

intake. 


Balance 

per 

week. 


Balance 
per 
day. 


Timothy  hay  period. 


Dec.  12-19 

"  19-26 

"  26-Jan.  2. 
Jan.  2-9 


gm. 

695.48 
684.27 
718.85 
704.90 


gm. 

1.97 

4.01 

2.24 

2.23 


am. 

279.08 
280.28 
279.79 
257.61 


gm. 

976.53 

968.56 

1,000,88 

964.74 


gm. 

696.04 
717.97 
717.97 
717.97 


gm. 

-280.49 
-250.59 
-282.91 
-246.77 


gm. 

-40.07 
-35.79 
-40.41 
-35.25 


Alfalfa  hay  period. 

Ton     Q-16           

499.43 
459.61 
460.25 
443.04 

3.36 
2.19 

4.24 
2.87 

266.28 
247.28 
237.27 
249.93 

769.07 
709.08 
701.76 
695.84 

654.47 
704.81 
704.81 
704.81 

-114.60 

-4.27 
+3.05 
+8.97 

-16.37 

"    16-23        

-0.61 

"    23-30    

+0.43 

"    30-Feb.  6  . . . . 

+1.26 

Feb.  6-13 

"  13-20 

"  20-27 

"  27-Mar.  6. 
Mar.  6-13 


1,282.08 
1,308.03 
1,166.98 
1,101.97 
1,050  80 


5.23 
4,90 
5  60 
3.74 
5.00 


236  39 
235.89 
218.29 
216  42 
223.83 


1,523.70 
1,548.82 
1,390.87 
1,322.13 
1,279.63 


1,213.57 
1,213.57 
1,213,57 
1-,  213,57 
1.213,57 


-310.13 
-335.25 
-177.30 
-108.56 
-66. 06 


-44.30 
-47.89 
-25.33 
-15.51 
-9.44 
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to  conceive  how  such  a  situation  could  prevail  for  any  length  of 
time  with  calcium  phosphate  as  the  main  compound  in  which 
these  two  elements  are  stored.  In  spite  of  negative  calcium  and 
phosphorus  balances  the  milk  production  was  well  sustained  in 
this  period  by  all  the  animals. 

We  changed  the  animals  suddenly  to  the  alfalfa  hay  ration. 
From  our  previous  results  (1)  we  expected  positive  calcium  and 
phosphorus  balances  to  prevail.  We  did  have  a  positive  calcium 
balance  with  all  animals  for  the  1st  week,  but  after  that  negative 

TABLE  V. 

Calcium  and  Inorganic  Phosphorus  in  the  Blood  at  Different  Stages 
of  the  Experiment. 


Animal 
No. 

Inorpanic  P 

per  100  cc.  of 

serum. 

Ca  per  100  cc. 
of  serum. 

Time  of  taking  sample. 

mg. 

mo. 

1 

2.25 

22.01 

End  of  timothy  haj'  period. 

2 

2.63 

22.60 

3 

2.83 

24.42 

1 

16.34 

4  days  after  change  to  alfalfa  hay. 

2 

15.65 

3 

15.90 

1 

5.97 

8.79 

End  of  alfalfa  hay  period. 

2 

3.83 

9.81 

3 

2.90 

9.91 

1 

5.75 

16.10 

End   of   timothy   hay   plus   steamed 

2 

4.38 

16.75 

bone  meal  period. 

3 

4.90 

16.75 

balances  resulted.  The  positive  calcium  balance  in  the  1st  week 
was  due  to  the  high  intake  of  this  element  incident  to  the  change 
in  the  ration  and  to  the  lag  in  elimination,  by  way  of  the  feces, 
of  the  residues  from  the  first  few  days  of  alfalfa  hay  feeding.  The 
true  situation  established  in  the  2nd  week  was  a  slight  but  dis- 
tinct negative  calcium  balance  for  all  the  animals  in  the  alfalfa 
hay  period.  The  phosphorus  balances  were  also  negative  for 
Animals  1  and  2  during  the  entire  period,  but  both  negative  and 
positive — or  equilibrium — for  Animal  3.     As  noted  above,  these 
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results  differ  from  those  secured  by  us  in  an  earlier  experiment 
where  the  alfaKa  hay  had  been  cured  under  caps  and  out  of  long 
exposure  to  sunhght.  The  question  as  to  what  is  the  actual 
difference  between  alfalfa  hay  cured  under  caps  and  alfalfa  hay 
cured  in  the  windrow  with  a  comparatively  distmct  difference 
in  respect  to  the  time  of  exposure  to  Ught  and  air  cannot  be 

answered  at  present.  .      .     ,    x        j  u„  i„r,<r 

It  is  known  that  the  fat-soluble  vitamme  is  destroyed  by  long 
exposure  to  hght  and  air.    For  example,  when  melted  butter 
fat  has  been  poured  into  shaUow  dishes    thereby  presenting  a 
large  surface,  and  then  exposed  to  direct  hght  and  bleached,  the 
faioluble  vitamine  is  destroyed.     We  are  not  assuming  that 
the  fat-soluble  vitamine  and  the  vitamine  o    green  plant  tissue 
influencing  calcium  assimilation  are  identical  and  consequently 
may  be  unjustified  in  predicting  parallel  behavior.     I^  the  ab- 
sence of  fuU  experimental  data  on  the  effect  of  agmg   bleaching^ 
and  exposure  of  plant  tissue  to  Ught  upon  the  destruction  of  this 
unknown  factor  affecting  calcium  assimilation   discussion  of  the 
subject  is  useless.     We  have,  however,  shown  (5)  that  fresh  green 
oats  as  compared  with  oat  straw  is  much  more  effective  m  increas- 
ing calcium  assimilation.     The  oat  straw  is  also  low  m  the  tat- 
soluble  vitamine.     On  the  other  hand,  oat  hay  dried  out  of  direct 
sunlight  but  in  a  fairly  well  hghted  attic  appeared  to  retam  the 
properties  of  the  fresh  green  oats.  v„i„„.„= 

The  fact  that  with  this  affalfa  hay  positive  calcium  balances 
could  not  be  obtained  places  these  data  in  agreement  with  those 
secured  by  Forbes  (2)  and  by  Meigs  and  his  associates  (6)  Om 
earUer  data,  contrasted  with  these  later  results,  showed  that  it 
was  possible  to  provide  a  ration  of  natural  and  unsupplemented 
materials  which  could  maintain  calcium  and  phosphorus  equi- 
librium in  high  milking  animals.  Just  what  happened  m  the  treat- 
ment of  these  food  materials,  particularly  the  roughages,  to  bring 
about  these  differences  in  behavior  must  be  a  subject  for  further 

'Tshould  be  emphasized  that  the  degree  of  negative  calcium 
and  phosphorus  balances  observed  with  the  alfalfa  hay  in  contrast 
with  the  timothy  hay  is  not  large  and  could  no  doubt  be  main- 
tained for  a  very  long  time  without  serious  results  to  the  ammal. 
Fortifying  timothy  hay  with  bone  meal  did  not  result  m  mam- 
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tainiiig  positive  calcium  and  phosphorus  balances.  The  losses 
of  these  elements,  particularlj^  calcium,  were  reduced  as  compared 
with  the  period  on  unsupplemented  timothy  hay,  but  were  not 
changed  to  a  condition  of  storage  or  equilibrium.  The  combina- 
tion of  timothy  hay  and  bone  meal  was  not  as  effective  as  the 
alfalfa  hay  alone.  We  interpret  these  results  as  indicating  that 
the  timothy  hay  possessed  less  of  the  vitamine  assisting  calcium 
assimilation  than  did  the  alfalfa  hay.  The  question  of  the  solu- 
bihty  of  the  combination  of  calcium  administered  is  often  raised, 
but  we  believe  that  question  to  be  only  of  secondary  importance 
— the  primary  factor  being  the  supply  in  the  ration  of  the  organic 
factor  influencing  calciimi  assimilation.  For  example,  in  experi- 
ments with  swine  we  have  seen  the  development  of  rickets  meas- 
urably delayed  by  the  use  of  calcium  acetate  as  compared  with 
the  more  insoluble  calcium  phosphate  (floats),  but  the  end-re- 
sult was  the  same.  Forbes  (2)  likewise  found  with  milking  cows 
negative  calcium  balances  where  fortification  of  the  ration  was 
made  either  with  calcium  lactate,  calcium  chloride,  or  bone  flour. 

At  regular  intervals  during  the  course  of  these  experiments 
blood  was  taken  from  the  jugular  vein  for  inorganic  phosphorus 
and  total  calcium  determinations.  The  time  of  talcing  the 
blood  in  reference  to  the  ration  fed  is  given  in  Table  V.  Our 
data  on  the  inotganic  phosphorus  content  of  the  blood  are  diffi- 
cult of  interpretation.  During  the  timothy  hay  period  the  amount 
of  inorganic  phosphorus  in  the  blood  of  all  these  animals  was  low 
as  compared  with  data  secured  in  the  later  periods  of  higher  cal- 
cium intake  and  also  with  data  secured  by  Meigs  and  his  associates 
(6)  on  cows  receiving  a  ration  of  grains,  corn  silage,  and  alfalfa 
hay.  The  data  are  more  in  harmony  with  the  conditi9n  observed 
by  Rowland  and  Kramer  (7)  in  rachitic  children  where  the  inor- 
ganic phosphorus  content  of  the  blood  is  unusually  low  in  amount. 
Although  decided  but  reduced  negative  phosphorus  balances 
prevailed  in  both  the  alfalfa  hay  period  and  the  period  of  timothy 
hay  plus  bone  meal,  yet  the  inorganic  phosphorus  content  of  the 
blood  was  in  all  cases  but  one,  distinctly  higher  than  in  the  tim- 
othy hay  period. 

The  results  on  total  calcium  in  the  blood  are  exceedingly  in- 
teresting. From  the  recent  literature  on  the  subject  the  inference 
is  gained  that  the  calcium  content  of  the  blood  is  subject  to  but 
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slight  variations-that  the  range  may  be  from  9  to  12  mg    per 
100  cc   of  plasma  or  sermn.     This  has  been  the  amount  found  m 
the  plasma  of  normal  human  beings  and  of  horses,  dogs,  and 
cattle  (6)      That  variations  from  the  above  figures  may  occur 
is  also  evident  from  a  limited  number  of  observations  recorded 
in  the  literature.     By  feeding  calcium  lactate  to  two  dogs  Boggs 
(8)  found  an  increase  of  36  per  cent  in  the  calcium  content  of 
the  whole  blood  or  an  increase  from  6.3  mg.  per  100  cc.  of  blood 
to  8  6  mg.     Allers  and  Bondi  (9)  doubled  the  calcium  content 
of  the  blood  of  rabbits  by  feeding  large  doses  of  hydrochloric 
acid     Meigs  (6)  calls  attention  to  the  correlation  between  the 
work  of  Hasselbalch  and  Gammeltoft  (10)  who  showed  that  m 
pregnancy  in  human  beings  there  is  a  definite  tendency  for  the 
H  ion  concentration  of  the  blood  at  a  fixed  CO,  tension  to  be  in- 
creased and  the  results  of  Lamers  (11)  who  found  an  mci^eased 
plasma   calcium   in   pregnancy   and   particularly   durmg   labor. 
Meigs  found  the  plasma  calcium  in  new-born  heifers  as  high  as 
13.7  mg.  per  100  cc,  while  the  amount  in  the  plasma  of  pregnant 
and  lactating  cows  was  approximately  10  mg. 

This  tendencv  of  the  calcium  content  of  the  blood  to  variation 
led  Meigs  and  his  associates  to  adopt  as  an  explanation  of  this 
phenomenon  the  modern  view-point  of  the  influence  of  reac- 
tion-H  ion  concentration-on  the  bicarbonate  content  of  the 
blood  and  the  inverse  relation  of  the  latter  to  the  calcium  con- 
centration in  the  blood.  In  other  words,  a  liigher  acidity  of  the 
blood  means  a  decreased  bicarbonate  concentration  with  a 
resultant  possibiUty  of  a  higher  concentration  of  calcmm 
This  appears  to  be  a  logical  deduction  and  explanation  for  such 

variations.  .       .  . 

Unfortunately,  we  made  no  bicarbonate  determmations  n 
the  blood  of  our  animals,  and  consequently  cannot  present  data 
bearing  on  the  above  theory.  A  comparatively  low  intake  o 
calcium,  such  as  prevailed  during  the  timothy  hay  period,  did  not 
result  in  a  low  calcium  concentration  of  the  blood  plasma;  but, 
on  the  contrary,  an  unusually  high  calcium  concentration  pre- 
vailed. In  a  recent  pubhcation  (12)  we  recorded  a  very  hmited 
amount  of  data  secm-ed  with  dry  cows  which  showed  that  the 
alkaline  reserve  of  the  blood  in  the  case  of  cows  receiving  a  ra- 
tion low  in  calcium  content— oat  grain  plus  oat  straw— as  com- 
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pared  with  a  calcium-rich  ration— alfalfa  hay— was  not  different. 
But  in  the  case  of  heavj-  milking  cows  the  situation  may  be  en- 
tirely different.  If  the  above  theorj',  explaining  calcium  varia- 
tions in  the  blood,  is  correct  then  the  alkaline  reserve  of  the  bloods 
of  these  animals  during  the  timothy  hay  period  must  have  been 

reduced. 

With  the  change  to  the  alfalfa  ration  the  calcium  concentra- 
tion of  the  blood  decreased  from  over  20  mg.  per  100  cc.  of  serum 
on  the  timothy  hay  to  approximately  10  mg.  per  100  cc.  of  serum. 
This  change  was  a  gradual  one  as  shown  by  the  fact  that  4  days 
after  the  change  to  the  alfaKa  hay  the  calcium  concentration  of 
the  blood  had  decreased  to  about  16  mg.  per  100  co.  of  serum. 
With  the  return  to  the  timothy  hay  plus  bone  meal  ration  the 
blood  calciiun  again  rose  from  approximately  10  to  16  mg.  per 
100  cc.  of  serum,  but  not  to  as  high  a  level  as  when  the  timothy 
hay  alone  was  fed.  As  showm  in  the  table  of  calcium  balances 
some  use,  but  not  a  complete  one,  of  the  bone  meal  had  been 

made. 

Before  permanently  incorporating  into  this  paper  the  data  on 
the  calcium  content  of  the  blood  of  these  animals  we  submitted 
them  for  criticism  to  Dr.  E.  B.  INIeigs,  of  the  Dairy  Division, 
United  States  Department  of  Agriculture.     We  did  this  because 
of  the  unusual  variations  observed.     It  so   happend   that   Dr. 
Meigs  had  accumulated  data  on  the  same  problem  in  the  feeding 
of  milking  cows  with  results  in  reference  to  blood  calcium  directly 
contrary  to  our  own.     In  fact,  on  the  timothy  hay  he  used  as 
contrasted  with  alfalfa  hay  the  plasma  calcium  was  reported  some- 
what lower.     Fortunately,  we  had  a  group  of  high  milking  cows 
that  had  been  for  several  months  on  the   same  timothy  hay, 
plus  corn  silage  and  a  grain  mixture,  as  used  in  our  metaboUsm 
experiments  and  another  group  of  cows  upon  alfalfa  hay,  corn 
silage,  and  a  grain  mixtm-e.    This  alfalfa  hay  was  not  the  same 
as  that  used  with  the  three  cows  involved  in  the  balance  experi- 
ments.    These  two  groups  of  cows  were  not  in  the  metabolism 
stalls,  but  being  managed  as  in  ordinaiy  herd  management.     In 
addition  to  the  rations  mentioned  they  had  received  daily  per 
individual   |  pound   of  steamed  bone  meal   for   approximately 
60  days  during  the  dry  period  just  before  parturition.     They  had 
been  milking  about  3  months  when  the  blood  samples  were  taken. 
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Their  daily  milk  production  was  from  35  to  50  pounds  of  milk 


per  individual^^^^^  ^^^^  ^^^  .^^^^^  ^^.^  ^^^  -^^^1- ^f 

)y  the  H 
k,  and  by 

TABLE  VI 


f'°°'  Tre  made^boThTy^"hTHalverson  method,  which  we 
rad^:L;^  u^e^fn^^^^^^^^^^^^  and  by  the  method  Meigs  had  used 


Calcium  by  T.o  Methods  in  the  Blood  of  a  Second  Group  of  Cows  Recei^irw 
Calcium  by  ^^^  ^^^  ^^^  ^^^^.^^  ^„,^^g_ 


Cow 

No. 

1 

Determi- 
nation. 

ialverson 
method. 
Mb.  per 
100  cc.  of 
plasma. 

Determi- 
nation. 

Meigs' 
method. 
Mg.  per 
100  cc.  of 
plasma. 

Remarks. 



12.26 
12.34 
12.30 

11.96 
11.64 
11.80 

10.58 
10.35 
10.46 

11.96 
12.26 
12.11 

11.11 
Lost. 
11.11 

10.03 
9.81 
9.92 

,      10.58 
.      10.35 
.      10.47 

a 

8.99 

10.70 

9.85 

9.33 

9.58 
9.45 

8.63 
9.08 
8.85 

10.02  • 
9.65 
9.83 

9.31 
9.26 
9.29 

9.29 
9.34 
9.32 

8.71 
7.45 
8.08 

Timothy  hay. 

1 

b 

Average  . 

Average  . 
a 

Timothy  hay. 

2 

v. 

b 

Average  . 

Average  . 
a 

Timothy  hay. 

4 

u 

b 

Average  . 

Average  . 
a 

Alfalfa  hay. 

5 

b 

6 

Average  . 

Average  . 

a 

Alfalfa  hay. 

b 

7 

Average 

Average 
a 

Alfalfa  hay. 

b 

Average 

Average 
a 

Alfalfa  hay. 

8 

b 

Average 

Average 



(6)      We  believe  that  the  physiological  status  of  these  animals 

could  not  have  been  different  from  the  three  involved  in  the 

ompletf  balance  experiments  whose  blood  calcium,  v-ed  greaUy 

However,  in  this  opinion  we  may  be  wrong  because  of  the  longer 
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exposure  of  these  animals  to  the  jiarticular  ration.  The  data  on 
the  blood  analysis  for  calcium  of  the  two  groups  of  cows  and  by 
the  two  different  methods  are  given  in  Table  VI. 

A  survey  of  the  data  shows  that  the  two  methods  varied  by 
about  20  per  cent,  the  Halverson  method  consistently  running 
higher.  More  important  than  the  comparison  of  the  methods 
was  the  uniform  amount  of  calcium  in  the  blood  of  these  animals. 
Those  receiving  the  mineral-poor  ration— timothy  hay — had 
approximately  as  much  calcium  in  the  blood  as  those  recei-ving 
the  alfalfa  hay.  These  data  are  very  different  from  the  blood 
calcium  records  for  the  animals  in  the  metabolism  experiments 
as  shown  in  Table  V.  We  do  not  believe  that  the  difference 
is  one  of  analytical  error  as  the  work  was  done  using  the  same 
reagents  and  by  the  same  analyst.  Whether  distinct  differences 
in  rations  in  respect  to  mineral  content  and  with  but  Umited 
time  for  adjustment  such  as  prevailed  with  the  metabolism  cows 
can  explain  these  differences  is  a  problem.  At  present  we  have 
no  suggestion  to  offer  as  an  explanation  of  the  apparent  discrepancy. 

SUMMARY. 

1.  Cows  producing  from  20  to  4.5  pounds  of  milk  per  day  were 
in  negative  calcium  and  phosphorus  balances  on  rations  composed 
of  grains  and  their  by-products,  corn  silage  and  timothy  hay. 

2.  Substituting  alfalfa  hay  for  the  timothy  hay  reduced  the 
losses  but  did  not  bring  about  calcium  and  phosphorus  equilib- 
rium; negative  balances  continued.  These  data  with  this  al- 
falfa hay  are  distinctly  contrary  to  our  earUer  observations  where 
positive  calcium  balances  were  obtained  with  an  alfalfa  hay  (1). 
The  alfalfa  hay  used  in  the  earher  experiments  was  cured  under 
caps;  while  the  alfaffa  hay  used  in  this  later  experiment  was  cured 
in  the  windrow  with  exposure  to  air  and  light  for  4  days.  These 
differences  in  effect  of  the  two  alfalfa  hays  may  be  attributed  to 
a  difference  in  the  degree  of  destruction  during  the  curing  process 
of  the  vitamine  assisting  calcium  assimilation. 

3.  Supplementing  the  timothy  hay  with  bone  meal  did  not 
result  in  establishing  positive  calcium  and  phosphorus  balances 
or  even  equilibrium;  although  the  losses  of  these  elements  were 
reduced  as  compared  with  the  unsupplemented  timothy  hay. 
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4  Blood  calcium  was  comparatively  high  in  amount  durmg 
the'timothy  hay  period  when  the  calcium  losses  were  greatest 
It  was  between  20  and  25  mg.  per  100  cc.  of  serum.  In  the  alfalfa 
period  it  dropped  to  approximately  10  mg.  per  100  cc.  of  serum, 
but  rose  again  to  16  mg.  during  the  timothy  hay  +  bone  meal  period. 
With  two  other  groups  of  cows  not  in  metaboUsm  staUs,  but  one 
group  receiving  timothy  hay,  or  a  low  calcium  intake,  and  the 
other  group  recei^^ng  an  alfalfa  hay,  or  a  hberal  calcium  intake, 
no  such  difference  in  the  blood  calcium  was  observed. 

5  Inorganic  phosphorus  in  the  blood  was  low  m  amount 
during  the  timothy  hay  period,  but  considerably  higher  m  the 
alfalfa  and  timothy  hay  plus  bone  meal  periods. 
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UNSATURATED  FATTY  ACIDS  OF  BRAIN  CEPHALmS. 
By  p.  a.  LEVENE  and  IDA  P.  BOLF. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  July  10,  1922.) 

Cephalin  was  recognized  as  a  substance  distinct  from  lecithin 
by  Thudichum.'  According  to  this  author,  the  differences  m  the 
properties  of  the  two  substances  were  due  to  the  differences  in  the 
structure  of  the  fatty  acids  and  of  the  bases  which  enter  into  their 
respective  molecules.  As  regards  the  structure  of  the  base,  the 
views  of  Thudichum  were  confirmed  by  the  more  recent  and  more 
modern  work.  His  views  on  the  nature  of  the  fatty  acds  also, 
seemed  to  have  been  corroborated  by  later  work  of  Cousin, 
Falk,3  and  especially  that  of  Parnas.^ 

Recent  work  on  the  fatty  acids  of  lecithin  has  led  to  the  dis- 
covery that  at  least  two  and  probably  three  unsaturated  and  two 
saturated  acids  are  present  in  the  mixed  lecithins.^^^^'     In  the  hght 
of  this  experience  it  seemed  desirable  to  subject  the  problem  of 
the  nature  of  the  fatty  acids  of  cephahn  to  a  new  investigation. 
The  material  used  for  the  present  work  was  entirely  free  from 
lecithin  and  neutral  fats.     It  was  also  entirely  free  from  substances 
containing  non-amino  nitrogen.     As  is  seen  from  its  elementary 
composition  this  material  consisted  in  part  of  cephahn  ^'^ich  had 
undergone  partial  hydrolysis.     It  was  as  pure  as  the  best  that 
had  been  used  by  the  previous  workers.     From  this  material  pure 
cephalin    undoubtedly    can    be    prepared.     The    purification    is 
.  Thudichum,  J.  L.  W.,  A  treatise  on  the  chemical  constitution  of  the 
brain,  London,  1SS4.  . 

'Cousin,  M.  H.,  Co7npt.  rend.  Soc.  biol.,  1906,  Ixi,  -S. 

=  Falk,  F.,  Biochem.  Z.,  1909,  xvi,  187. 
«Parnas,J.,Bioc;im.Z.,1909,xxii,411;1913  lvi,17 

^  Levene,  P.  A.,  and  Simms,  H.  S.,  J.  Biol.  Chcm.,  1922,  h   28o. 
a  Levene,  P.  A.,  and  Rolf,  I.  P.,  J.  Biol.  Chem.,  1922,  h   507 
'  Levene,  P.  A.,  and  Rolf,  L  P.,  /.  Biol.  Chem.,  1921,  xlvi,  363. 

91 


92  Fatty  Acids  of  Brain  Cephalins 

time-consuming  and  results  in  much  loss  of  material.  In  the 
course  of  the  work  the  highly  unsaturated  acids  may  undergo 
oxidation.  Owing  to  these  considerations  the  purification  of  the 
material  was  limited  to  the  stage  in  which  it  was  free  from  non- 
amino  nitrogen,  in  other  words,  free  from  lecithin.  Such  material 
may  jaeld  fewer,  not  a  greater  number  of  fatty  acids  than  are  pres- 
ent in  the  pure  cephalin.    ■ 

Following  the  course  of  analysis  as  employed  in  the  work  on 
lecithin,  it  was  possible  to  isolate  from  cephalin  two  unsaturated 
fatty  acids;  namely,  oleic  and  arachidonic  acid.  The  oleic  acid 
was  separated  first  as  a  barium  salt  (mixed  with  the  saturated 
acids).  This  was  then  converted  into  the  free  acid  and  as  such 
it  was  identified  by  the  iodine  number  and  by  the  fact  that  on 
hydrogenation  it  yielded  stearic  acid.  The  presence  of  ara- 
chidonic acid  was  demonstrated  by  the  isolation  of  its  octabromide, 
and  by  the  isolation  of  arachidic  acid  from  the  product  of  hydro- 
genation of  the  unsaturated  fatty  acids. 

Since  a  minor  fraction  only,  of  the  highly  unsaturated  acids 
was  converted  into  the  insoluble  octabromides,  there  still  remains 
the  possibiUty  of  the  discovery  of  other  unsaturated  acids.  At 
present  no  evidence  is  available  in  support  of  the  assumption  that 
linolic  acid  is  the  principal  unsaturated  acid  of  cephahn. 

From  the  satm-ated  fatty  acid  fraction,  stearic  acid  was  isolated 
in  pure  condition.  This  fraction,  however,  also  contained  other 
acids  of  a  different  composition.  This  material  is  now  under 
further  investigation. 

EXPERIMENTAL. 

A.  Preparation  of  Cephalin. 

Ox  brains  were  extracted  first  with  acetone  and  subsequently 
with  ether  containing  5  per  cent  of  water.  From  the  concentrated 
ethereal  extract,  the  bulk  of  the  cerebrosides  was  removed  by 
filtration  at  0°C.  The  filtrate  was  then  fractionated  with  alcohol. 
The  precipitate  after  purification  yielded  material  which  con- 
tained all  of  its  nitrogen  as  amino  nitrogen.  Two  methods  of 
purification  were  employed  on  each  sample.  The  first  is  that 
described  by  Levene  and  Ingvaldsen.«    The  crude  cephalin  is 

8  Levene,  P.  A.,  and  Ingvaldsen.  T.,  J.  Biol.  Chem.,  1920,  xliii,  359. 
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dissolved  in  glacial  acetic  acid.     This  solution  is  allowed  to  stand 

r  18  hours  at  15°C.     The  precipitate,  consisting  of  cholesterol 

^d  cerZsides,  is  removed  by  filtration.     To  the  filtrate  abot 

10  volumes  of  alcohol  are  added  and  agau^  the  mixture  is  alWd 

to  stand  over  night  at  0°C.  and  the  ^^^^^'^^^  ^''XTJT7^tt 
The  filtrate,  after  concentration  in  vacuo,  is  emulsified  ^Mth  v,ater 
and  precipitated  with  acetone.  This  method  of  V^^^^--^^^ 
yields  material  with  a  markedly  higher  carbon  content  than  that 
nf  the  orieinal  mixture.  ,.         , 

The  second  method  of  purification  permits  fe  separation  of 
two  types  of  material,  one,  the  amino  content  of  wljich  is  greatly 
ncreased,  and  one  of  a  greater  carbon  content  thari  the  ongina 
n^aterial.     Crude  cephaUn  is  dissolved  m  a  mimmal  q— y  o^ 
warm  ether.     To  tins,   warm  alcohol  is  gradually  added    no  , 
however,  in  sufficient  quantity  to  cause  precipitatiom     A  satu- 
rated alcohohc  solution  of  cadmium  chloride  is  added,  until  no 
ur  her  precipitation  occurs.     The  mother  liquor  (A)  is  decanted 
f"m  the  precipitate    (B)   and   concentrated  to   dryness  under 
diminished  pressure.     The  residue  is  extracted  with  ether  and 
the  ethereal  solution,  after  filtration  from  theinorgamc  Precip^tat^. 
is  again  concentrated,  emulsified  with  water,  and  Pre^^P^t^^^^f  ^^^^^ 
acetone      The  yields  of  such  precipitates  have  been  as  high  as 
20  per  cent  of  the  starting  material.     Since  this  consists  only  of 
the  more  highly  unsaturated  fraction,   great  yanation  is  experi- 
enced between  different  lots  of  cephahn.     The  precipitate    (B) 
referred  to  above,  contains  lecitlnn  cadmium  chloride  (C)    and 
"cenhahn"  (D)  of  a  lower  carbon  content.     The  latter  is  separated 
by  its  solubility  in  glacial  acetic  acid.     This  procedure  constrtutes 
the  simplest  means  thus  far  used  for  the  preparation  of    cephahn 
of  high  amino  content.  . 

Of  such  fractionation  the  following  results  are  typical: 
No  216  was  the  alcohol-soluble  fraction  of  an  ethereal  extract^ 
It  was  purified  by  the  glacial  acetic  acid-alcohol  method,  and 
analyzed  as  follows: 

Li.  n  nnoR  o-m    H„0   0  ''4''6  em    CO2,  and  0.0126  gm- 

0.1060  gm.  substance:  0.0926  gm.  tlaU,  u.-t-o  &■"■  ^    m 

^^\  1880  "  "  required  (Kjeldahl)  2.85  cc.  0.1  n  acid. 

o'.28i9   "  "  :  (fusion)  0.0412  gm.  MgjPjO,. 

0.2  gm.  was  dissolved  in  glacial  acetic  acid. 
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5  cc.  of  this  solution  required  (Kjeldahl)  1.25  cc.  0.1  n  acid. 
2  "     "    "  "       :  (Van  Slyke)  0.71  cc.  N,  at  24°C.,  766.5  mm. 

0.2781  gm.  substance  absorbed  0.2154  gm.  iodine. 

Foimd  (No.  216).     C  64.10,  H  9.92,  N  2.02,  P  4.07. 

i^i££N,^56        i„dineNo.  =  80 
Total  N2       100 

No.  216  was  fractionated  through  the  use  of  cadmium  chloride, 
as  described  above.  The  material  obtained  from  the  mother 
Hquor  fA)  analyzed  as  follows: 

No.  220.  0.1090  gm.  substance:  0.0984  gm.  HoO,  0.2574  gm.  COj,  and 
0.0112  gm.  ash. 

0.183S  gm.  substance  required  (Kjeldahl)  2.65  cc.  of  0.1  n  acid. 
0.2757     "  "         :  (fusion)  0.0400  gm.  MgaPjO?. 

0.2  gm.  substance  was  dissolved  in  glacial  acetic  acid. 
5  cc.  of  this  solution  required  (Kjeldahl)  0.75  cc.  0.1  n  acid. 
2    "    "    "  "       :  (Van  Slyke)  0.55  cc.  of  Na  at  24°C.,  764.5  mm. 

0.2724  gm.  substance  absorbed  0.2630  gm.  iodine. 

Found  (No.  220).     C  65.05,  H  10.23,  N  2.01,  P  4.04. 

'^HliBaN,      23.        Iodine  No.  =  96 
Total  N2       100 

The  lecithin  cadmium  chloride  salt  (C),  insoluble  in  glacial 
acetic  acid,  contained  25  per  cent  amino  nitrogen  and  had  an 
iodine  number  of  40. 

That  fraction  (D)  which  was  extracted  by  the  glacial  acetic 
acid  had  the  following  composition: 

0.1040  gm.  substance:  0.0SS4  gm.  H,0,  0.2306  gm.  CO,,  and  0.0144  gm. 
ash. 

0.1867  gm.  substance  required  (Kjeldahl)  2.70  cc.  0.1  n  acid. 
0.2801     "  "         :  (fusion)  0.0410  gm.  MgsPsOj. 

0.2  gm.  substance  was  dissolved  in  glacial  acetic  acid. 
5  cc.  of  this  solution  required  (Kjeldahl)  0.75  cc.  of  0.1  n  acid. 
2    "    "    «  "       :  (Van  Slyke)  1.10  cc.  No  at  22°C.,  773.2  nim. 

0.2915  gm.  substance  absorbed  0.2249  gm.  iodine. 

Found  (No.  218).     C  62.11,  H  9.90,  N  2.02,  P  4.07. 

Ami""  N.  ^  103       j^jijjg  jj^  ^  77 
Total  Na       100 

This  material  served  as  the  source  of  the  fatty  acids  to  be 
described  later.     The  cephalin  was  boiled  for  12  hours  with  10 
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per  cent  hydrochloric  acid,  and  the  fatty  acids  were  ex 
with  ether.     Owing    to    the    presence    of    considerable  re^ 
material  which  was  not  wholly  removed  even  by  this  methc 
was  found  expedient  to  esterify  the  mixed  acids  and  extract  the 
esters  with  ether.     This  solution  was  thoroughly  washed  with  a 
solution   of   dilute   sodium   carbonate,    and   repeatedly   filtered. 
The  esters  were  saponified  with  barium  hydroxide  and  the  banum 
salts  separated  into  two  fractions  by  the  method  described  m  a 
previous  pubhcation.^ 

B.  Saturated  Acids. 

From  the  barium  salts  which  were  insoluble  m  benzene-alcohol, 
the  acids  were  hberated.  These  acids,  consisting  of  mixed  satu- 
rated and  oleic  acids,  were  converted  into  lead  salts  and  the 
lead  oleate  was  extracted  by  a  large  volume  of  ether.  The  residual 
salts  of  the  saturated  acids  were  dissolved  in  toluene  and  from 
them  the  free  acids  were  liberated  by  hydrogen  sulfide  ihey 
were  then  esterified  and  the  methyl  esters  after  recrystaUization 
were  fractionated  by  distillation  at  a  pressure  of  1.9  mm. 

The  esters  were  saponified,  and  analyses,  melting  points,  and 
molecular  weight  determinations  made  on  the  free  acids,  the 
drynng,  analyses,  and  molecular  weight  determinations  were 
carried  out  in  the  manner  described  in  previous  papers.  •  the 
melting  points,  however,  were  taken  in  a  bath  which  was  con- 
tinuously stirred.  A  corrected  thermometer  was  used,  and  the 
time  interval  per  degree  rise  in  temperature  was  6  seconds. 

No   572     0  1006  gm.  substance:  0.1166  gm.  H,0  and  0.2788  gm^  CO^. 

1  0056     "  "         required  for  neutralization  7.0o  cc.   ol 

0.5  N  NaOH,  corresponding  to  a  mol.  wt.  of  285. 
No   562     0.0993  gm.  substance:  0.11S6  gm.  H,0  and  0.2766  gm   CO,. 

1  ,=.M     "  "  required  for  neutralization  (.9b  cc.  oi 

^■^^-*  0.5  N  NaOH. 

No   563     0  1010  gm.  substance:  0.1162  gm.  H,0  and  0.2724  gm-  COs. 

1  0378     "  "  required  for  neutralization  7.10  cc.  ot 

0.5  N  NaOH. 
No.  564.     The  residue,  was  insufficient  for  either  molecular  weight  or 

C.sH3,0..  Talcrated.     C  75.98,  H    12.76    (Mol.   ^^^  =^f  l"  ,^^;;!;.°^ 
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No. 

Boilinfr 
point  of 

ester. 
Pres.=iure 
1.9  mm. 

Weight 
of  ester. 

Analysis  of  acid. 

Molecular 
weight 
of  acid. 

Melting 
point 
of  acid. 

C 

H 

Found. 
it 

tt 

u 

572 
562 
563 
564 

'C. 

165-172 

172 

175-185 

Residue. 

gm. 

5 

12 
5 
1 

75.57 
75.96 
74.03 

12.97 
13.36 

12.87 

285 
289 
292 

°C. 

70-71 
64^5 
66-67 

76 

C.  Oleic  Acid. 

The  lead  salt  which  was  extracted  by  ether  from  the  saturated 
lead  salts,  was  converted  into  the  free  acid.  This  was  a  light 
yellow  mobile  liquid.  0.2540  gm.  of  substance  absorbed  0.2273 
gm.  of  iodine,  corresponding  to  an  iodine  number  of  90.  The 
iodine  number  of  oleic  acid  is  90. 

This  substance  was  hydrogenated  and  the  saturated  acid  had 
the  following  analysis,  molecular  weight,  and  melting  point: 

0.1008  gm.  substance:  0.1170  gm.  H,0  and  0.2800  gm.  COj. 
0.9492    "  "  required  for  neutralization  6.67  cc.  of  0.5  n  NaOH. 

It  melted  at  70-71°C.  „^  ^ 

CuH«0..    Calculated.  C  75.98,    H  12.76.     (Mol.  wt.  =   284. 

Melting  point  =  70-71°C.) 
Found    (No.   571).     C   75.75,   H   12.99.     (Mol.   wt.    =    284. 

Melting  point  =  70-71°C.) 

D.  The  More  Unsaturated  Adds. 

The  barium  salts  which  were  soluble  in  the  benzene-alcohol 
mixture  were  converted  into  free  acids.  As  such  they  formed  a 
dark  mobile  Uquid  having  an  iodine  number  of  140. 

0.2611  gm.  of  substance  absorbed  0.3677  gm.  of  iodine.  60  gm. 
of  No.  517  were  esterified  and  the  ethyl  esters  hydrogenated  by 
Paal's  method.  The  unsaturated  esters  were  recrystaUized  from 
alcohol,  and  fractionated  by  distillation  at  1.9  mm.  pressure. 
After  saponification,  the  acids  gave  the  analyses,  molecular  weights, 
and  melting  points  recorded  below. 

No.  549.     (Mixed  esters  before  fractionation  after  saponification  to  the 
acid.)     0.1008  gm.  substance:  0.1062  gm.  H^O  and  0.2642  gm.  COj. 
No.  550.     0.0978  gm.  substance:  0.0772  gm.  HoO  and  0.2080  gm.  CO,. 

0  9037     '<  "  required    for    neutralization    4.70    co. 

0.5  N  NaOH. 
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No.  551.    0.1010  gm. 
1.0130    " 

No.  552.    0.1008  gm. 
1.0721     " 

No.  553.    0.1002  gm. 

0.9228    " 

No.  554.    0.1009  gm. 
1.0647     " 

No.  555.    0.1010  gm. 
1.0727     " 

No.  656.    0.1008  gm 
1.0645 


substance : 


substance : 


substance 


substance 


substance 


.  substance: 


0.1154  gm.  H2O  and  0.2562  gm.  CO,, 
required  for  neutralization  5.85  cc.  of 
0.5  N  NaOH. 
0.1156  gm.  H2O  and  0.2828  gm.  CO,, 
required  for  neutralization  5.73  cc.  of 
0.5  N  NaOH. 
;  0.1146  gm.  H,0  and  0.2830  gm.  CO2. 
required  for  neutralization  6.12  cc.  of 
0.5  N  NaOH. 
:  0.1190  gm.  H,0  and  0.2838  gm.  CO2. 
required  for  neutralization  6.25  cc.  of 
0.5  N  NaOHT. 
:  0.1204  gm.  H2O  and  0.2854  gm.  CO,, 
required  for  neutralization  6.00  cc.  of 
0.5  N  NaOH. 
0.1214  gm.  H,0  and  0.2862  gm.  COj. 
required  for  neutralization  5.95  cc.  of 
0.5  N  NaOH. 


Nos.  555  and  556  were  combined  and  purified  by  conversion 
into  the  lead  salt.  The  hberated  acids  were  fractionally  distiUed 
and  the  lower  fraction  (No.  573)  gave  the  following  analysis  and 
neutralizaton  value. 

0.0865  gm.  substance:  0.1024  gm.  H,0  and  0.2432  gm.  CO,. 
0  SCO    "  "  required  for  neutralization  2.30  cc.  of  0.5  n  NaOH. 

C,8H«0..     Calculated.     C  75.98,  H  12.76.     (Mol.  wt.  =  284.     Melting 
"    '  point  =  70-71°C.) 

CoHioO,.    Calculated.    C  76.95,  H  12.81.     (Mol.  wt.  =  312.    Melting 
'°     °  point  =  75-77°C.) 


Boiling 
point  of 

ester. 
Press\ire 

Analysis 

of  aeid. 

Molecular 

Melting 

No. 

Weight 
of  ester. 

weight 
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E.  Bromine  Addition  Produch  of  the  More  Highly  Unsaturated 

Acids. 

50  gm.  of  No.  217  were  brominated  by  the  method  described 
in  a  previous  paper .=  The  precipitated  bromide,-  after  repeated 
extraction  with  ether,  weighed  15  gm.,  and  gave  the  followmg 
analysis: 

No   5n      O.lOfi-2  sm.  substance:  0.034S  gm.  H.O  and  0.09S4  gm.  COa. 
0.2000    "  "         :  (Carius)  0.3158  gm.  AgBr. 

Cs  jijiOaBrs.     CalcuL-vted.  C  25.43,  H  3.42. 

Found  (No.  521).     "  25.26,  "  3.66. 

This  material,  after  recrystallization  from  a  very  large  volume 
of  toluene  was  a  white  amorphous  powder,  which  darkened  slightly 
when  heated  above  225°C.  and  sintered  at  250°C.  Further  heat- 
ing charred  without  melting  it.  ,         • , 

Repeated  attempts  were  made  to  isolate  linolic  tetrabromide 
from  the  bromination  mother  liquor,  in  this,  and  several  similar 
experiments.     All  of  these  efforts  were,  however,  unsuccessful. 

A  large  amount  of  dark,  semiliquid  material  was  recovered 
after  evaporation  of  the  glacial  acetic  acid.  From  it,  on  addition 
of  gasoline,  a  small  amount  of  granular  substance  was  deposited, 
consisting  of  impure  octabromide,  as  indicated  by  its  analysis. 

0  1036  gm.  substance:  0.0354  gm.  H^O  and  0.1056  gm.  CO,. 
0  oQ^o     "  "         :  (Carius)  0.3046  gm.  AgBr. 

Found  (No.  507).     C  27.79,  H  3.82,  Br  64.11. 

The  mother  liquor  was  concentrated  to  dryness  in  racuo.and 

the  residue  dissolved  in  absolute  methyl  alcohol.     Powdered  zinc 

was  added,  the  solution  heated,  and  hydrogen  chloride  passed 

through  until  a  vigorous  reaction  was  established.     After  3  hours 

the  reaction  liquor  was  diluted  with  water,  and  the  precipitated 

oil  extracted  with  ether.     The  residue,  after  evaporation  of  the 

solvent  was  dissolved  in  acetic  acid,  and  again  brominated      In 

this  way,  an  additional  5  gm.  of  octabromide  were  separated,  but 

no  tetrabromide  could  be  isolated.     This  bromide  analyzed  as 

follows : 

0  1042  gm.  substance:  0.0390  gm.  H,0  and  0.0962  gm.  C0>. 
A  9030    "  "         :  (Carius)  0.3216  gm.  AgBr. 

Found  (No.  541).     C  25.17,  II  4.18,  Br  67.42. 


UNSATURATED  FATTY  ACIDS  OF  BRAIN  LECITHINS. 

By  p.  a.  LEVENE  and  IDA  P.  ROLF. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  July  10,  1922.) 

In  previous  publications  from  this  laboratory  it  was  shown  that 
the  mixed  lecithins  from  the  hver^  and  from  the  egg  yolk,^  yielded 
on  hydrolysis,  in  addition  to  oleic  acid,  acids  with  more  than  one 
double  bond.  From  the  egg  lecithin,  UnoUc  and  arachidonic  acids 
were  isolated;  whereas  from  hver  lecithins,  arachidonic  acid  only 
was  obtained.  The  fact  that  UnoUc  acid  has  not  as  yet  been  isolated 
from  the  liver  lecitliins  does  not  prove  its  absence,  since  neither 
the  isolation  of  oleic  nor  that  of  arachidonic  acid  is  quantitative. 

The  present  note  records  the  results  of  the  analysis  of  brain 
lecitliins  as  regards  the  character  of  their  unsaturated  fatty  acids. 
It  was  found  that  the  brain  lecithins  also  contain  besides  oleic 
acid,  acids  with  more  than  one  double  bond.  Of  these  arachidonic 
acid'was  isolated  in  the  form  of  its  octobromo  derivative. 

For  the  present  UnoUc  acid  could  not  be  isolated.  However, 
the  question  of  its  presence  or  absence  in  brain  lecithins  is  not 
definitely  answered. 

EXPERIMENTAL. 

Lecithin  cadmium  chloride  was  prepared  free  from  amino- 
containing  impurities  by  the  method  previously  described.'  AU 
samples  of  amino-free  cadmium  salts  of  brain  lecithin  had  an 
iodine  value  not  greater  than  45.  The  foUowing  analyses  are 
typical. 

No.  404.  0.2757  gm.  substance  absorbed  0.1238  gm.  iodine,  corresponding 
to  an  iodine  number  of  44. 

>  Levene,  P.  A.,  and  Simms,  H.  S.,  /.  Biol.  Chem.,  1922,  li,  285. 
2  Levene,  P.  A.,  and  Rolf,  I.  P.,  J.  Biol.  Chem.,  1922,  li,  507. 
»  Levene,  P.  A.,  and  Rolf,  L  P.,  J.  Biol.  Chem.,  1921,  xlvi,  353. 
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No.  401.  0.25S2  gm.  substance  absorbed  0.1071  gm.  iodine,  corresponding 
to  an  iodine  number  of  41. 

These  salts  were  hydrolyzed  in  the  usual  manner,  and  the  iodine 
numbers  of  the  whole  mixed  fatty  acids  determined. 

0.2663  gm.  substance  absorbed  0.1261  gm.  iodine,  corresponding  to  an 
iodine  number  of  47. 

The  fractionation  of  these  acids,  dependent  on  the  varying 
solubilities  of  the  barium  and  lead  salts,  was  carried  out  by  the 
method  described  in  the  preceding  paper. 

The  acid  of  lower  unsaturation  melted  at  14°C.  and  had  an  iodine 
number  of  S7. 

0.2616  gm.  substance  absorbed  0.2259  gm.  iodine. 
The  jiodine  number  of  oleic  acid  is  90. 

The  more  highly  unsaturated  fraction  of  these  acids  was 
bromiftated  in  the  usual  manner,  and  the  precipitated  bromide 
purified  by  extraction  with  ether.  A  grey  powder  weighing  1.5 
gm.  was  obtained.  When  heated  to  250°C.,  after  very  gradual 
darkening,  it  sintered  without  melting  and  analyzed  as  follows: 

0.1020  gm.  substance:  0.0302  gm.  HjO  and  0.0932  gm.  COj. 
0  2020    "  "         :  (Carius)     0.3190  gm.  AgBr. 

CjoHasOsBrs.     Calculated.     C  25.43,  H  3.42,  Br  67.72. 
wyywr  j,^^^^  „  24  91^  ..  ggj^   «  67.22. 

No  linoUc  tetrabromide  could  be  isolated'from  the  mother  Uquor. 


ON  A  POSSIBLE    ASYMMETRY    OF    ALIPHATIC    DIAZO 
COMPOUNDS.     III. 

By  p.  a.  LEVENE  and  L.  A.  MIIvESICA. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Eeceived  for  publication,  July  10,  1922.) 

In  previous  publications,!-^  several  observations  were  reported 
which  seemed  to  point  towards  the  existence  of  an  optically  active 
diazodiethyl  succinate.  The  present  note  contains  an  additional 
proof  in  the  same  direction.  Curtius'  has  shown  that  acting  with 
diazoethyl  acetate  on  benzoic  acid,  benzoylethyl  glycolate  is 
formed.  "  It  was  expected  that  under  similar  conditions  diazodiethyl 
succinate  will  form  benzoyldiethyl  malate.  It  was  also  expected 
that  this  substance  could  be  prepared  free  from  maUc  or  fumaric 
esters  which  may  form  as  by-products,  since  the  former  possesses 
a  much  higher  boiling  point.  These  expectations  were  realized. 
Acting  with  diazodiethyl  succinate  on  benzoic  acid,  pure  benzoyl- 
diethyl  malate  was  obtained  with  an  opticaUnctivity 

H;°  =  +  0.22° 

Under  similar  conditions  diethyl  malate  acting  on  benzoic  acid 
did  not  give  even  a  trace  of  benzojddiethyl  malate. 

Conversion  of  Diazodiefhyl  Succinate  into  Benzoyldiethyl  Malate.— 
Crude  diazodiethyl  succinate  (45  gm.)  containing  9.23  per  cent 
diazo  nitrogen,  was  added  in  small  portions  to  30  gm.  of  melted 
benzoic  acid.  The  temperature  of  the  reaction  mixture  was 
maintained  at  140°C.,  until  the  reaction  was  complete,  which 
required  about  8  minutes.  It  was  then  cooled,  dissolved  m  ether, 
and  washed  three  times  with  sodium  carbonate  solution  and  finally 
with  distilled  water.  After  drying  the  ethereal  solution  with 
anhydrous  sodium  sulfate,  the  ether  was  removed  under  dimin- 

1  Levene,  P.  A.,  and  Mikeska,  L.  A.,  /.  Biol.  Chem.,  1920-21,  xlv,  593. 
»  Levene,  P.  A.,  and  Mikeska,  L.  A.,  J.  Biol.  Chem.,  1922,  lii,  4S5. 
'  Curtius,  T.,  J.  prakt.  Chem.,  1888,  xxxviii,  427. 
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ished  pressure  and  the  residue  extracted  with  petroleum  ether  to 
insure  the  removal  of  traces  of  benzoic  acid.  The  residue  was  then 
fractionatetl  under  a  pressure  of  al)out  135  mm.  The  first  fraction 
boiled  between  65  and  70°.  The  temperature  then  rose  rapidly 
and  the  second  fraction  was  collected  between  130  and  149°C. 
The  third  fraction  distilled  between  150  and  160°C.  The  third 
fraction  was  redistilled  under  a  pressure  of  3  mm.,  and  separated 
into  two  fractions,  the  first  boiling  at  146-147°C.  and  the  second 
which  was  identified  by  analysis  as  benzoyl  malate,  boiled  at  147- 
148°C. 

0  1024  gm.  substance:  0.0624  gm.  HjO  and  0.2300  gm.  COj. 
CuHisOe.     Calculated.     C  61.23,  H  6.16. 
Found.  "  61.25,  "  6.81. 

The  substance  had  the  following  rotation: 

I-  ■i2o       -f-  0.22    X  lOU _i_  0  99° 

^"■1"  ^        1  X  100       ~ 

The  optical  rotation  of  the  original  diazo  compound  was: 

,  ,=.     +  1.14°  X  100  _   ,  ,  ,40 
Wd=  -    1X100         "^^-^ 

In  another  expcrim'ent  30  gm.  of  diazodiethyl  succinate  were 
treated  with  benzoic  acid  as  in  the  preceding  experiment.  A 
fraction,  boihng  at  143°C.  under  0.2  mm.  pressure,  was  obtained. 
It  had  an  optical  rotation  of 

,.  _  +  0.12°  X  too  ^    ,  0  190 
L«Jd  -        1  X  100  -r    ■  - 

The  percentage  of  carbon  and  hydrogen  found,  agreed  well  with 
the  theoretical  values. 

0  1014  gm.  substance:  0.0604  gm.  H,0  and  0.0227  gm.  COj. 
CuHuOs.     Calculated.     C  61.23,  H  6.16. 
Found.  "  61.27,  "  6.61. 

The  original  diazo  compound  had  an  optical  rotation  of 
.  ,,.      +  0.75°  X  100  _    ,  0  7:;<. 
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Action  of  Benzoic  Acid  on  Diethyl  Malate.—MaMc  ester  (10  gm.) 
was  gradually  added  to  10  gm.  of  melted  benzoic  acid  exactly  as 
in  the  preceding  experiment.  The  temperature  was  mamtamed 
at  140-145°C.  for  10  minutes.  The  excess  of  Ijenzoic  acid  was 
removed  by  washing  the  ethereal  extract  with  a  solution  of  sodium 
carbonate.'  The  extract  was  then  dried,  the  ether  removed,  and 
the  residue  distilled.  The  entire  amount  distilled  at  78-80°C. 
leaving  only  a  trace  of  residue.  In  this  case  only  about  1  gm.  of 
substance  was  obtained  whereas  under  similar  conditions  45  gm. 
of  diazodiethyl  malate  yield  42  gm.of  combined  distillates. 

0.1012  gm.  substance:  0.0716  gm.  aO  and  0.1824  gm.  CO.. 
CaHnOs.     Calculated.     C  50.52,  H  7.36. 
Found.  "  49.15,  "  7.91. 


THE   METABOLISM    OF   INORGANIC    SALTS. 

I    THE  ORGANIC  ION  BALANCE  OF  THE  BLOOD  IN  PARA- 
THYROID TETANY.* 

By  ERWIN  G.  gross  and  FRANK  P.  UNDERHILL. 

iFrom  the  Department  of  Pharmacology  and  Toxicology,  Yale  University. 

New  Haven.) 

(Received  for  publication,  July  18,  1922.) 
It  is  almost  universally  accepted  that  tetany  and  the  metabolism 
of  calcium  are  closely  related.  MacCallum  and  Vo^g^l-  ^  - 
1909  showed  conclusively  that  in  tetany  m  dogs  followmg  the 
Zval  of  the  parathyroid  glands  there  was  not  o^^J^-^'^^-^t 
calcium  excretion,  but  a  marked  decrease  m  blood  calcimn  The 
Sw  Slat  the  parathyroid  glands  --timately  associated  w^^^^ 
the  metabolism  of  calcium  has  gamed  many  adherents,  but  the 
mechanism  of  this  controUing  function  as  yet  is  ^1^;^«™- 

Loeb  (2),  Ringer  (3),  and  others  have  shown  that  the  at.o  of 
the  inorganic  ions  of  the  blood  is  of  far  more  importance  than  the 
Ibsolute' amount  of  each,  in  the  maintenance  o^^^^^ 
rium  of  function,  especiaUy  of  the  heart  beat.  If  ^1"^ J  t^^'^' f 
becomes  of  interest  to  see  whether  the  change  of  one  of  the  e^e 
ments  of  the  blood  wiU  cause  a  compensatory  shift  m  any  of  the 

°*t /aTas  can  be  found  in  the  Uterature,  the  only  study  of  thi. 
kind  has  been  made  by  Greenwald,  pubhshed  m  an  artic  e  by 
Hastin-^s  and  Murray  (4).  However,  the  results  presented  m 
t h^t  aper  are  incomplete.  Such  studies  have  only  been  made 
act  cable  in  the  last  year  or  2  by  the  perfection  of  methods 
Si  make  it  possible  to  determine  the  blood  salts  m  a  relatively 
small  quantity  of  blood. 

*  A  portion  of  the  expense  of  this  investigation  was  defrayed  by  a  grant 
from  the  American  Medical  Association. 
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Recently  Kramer,  Tisdall,  and  Howland  (5)  have  studied  the 
Inorganic  salts  in  infantile  tetany.  Whether  infantile  tetany 
bears  any  relation  to  altered  functions  of  the  parathyroids  does 
not  receive  very  great  support.  Therefore,  one  is  not  justified 
in  assuming  that  there  are  necessarily  similar  changes  in 
salts  in  these  two  types  of  tetany,  although  both  seem  to  be  in- 
timately associated  with  low  blood  calcium. 

Perhaps  the  study  of  calcium  in  relation  to  tetany  has  been  the 
most  intensively  studied,  due  to  the  observation  of  Sabbatani  (6) 
in  1904,  that  calcium  salts  are  related  to  the  diminished  irritability 
to  electrical  stimulation,  while  substances  which  reduce  calcium 
caused  increased  irritability.  The  correlation  of  low  calcium  to 
increased  irritability  in  tetany  has  given  scientific  foundation 
foi-  the  relational  administration  of  calcium  in  the  relief  of 
spasmophiUa.  Quest  (7)  has  found  a  reduced  calcium  content 
of  the  brain  tissue  of  patients  who  had  died  from  tetany.  Neu- 
rath  (8),  Longo  (9),  and  Cattaneo  (10)  have  made  studies  in 
tetany  and  found  a  lowered  calcium  content,  but  the  figures 
cited  are  so  different  from  those  of  more  recent  investigators  that 
one  queries  how  much  value  can  be  placed  upon  them. 

MacCallum  and  Voegtlin  (1)  and  MacCallum  and  Vogel  (11) 
in  studies  upon  parathyroid  tetany  in  dogs  found  not  only  an 
increased  calcium  excretion,  but  a  marked  fall  in  blood  calcium. 
These  authors  further  showed  that  the  administration  of  calcium 
lactate  temporarily  relieved  the  tetany.  Cooke  (12)  in  1910  was 
unable  to  find  any  marked  increase  in  calcium  excretion  in  tetany 
or  a  lowered  calcium  content  of  the  brain  in  parathyroid  tetany, 
and  concludes  that  the  parathyroids  are  not  functionally  related 
to  calcium  metabolism.  Recently,  however,  Hastings  and 
Murray  (4)  have  obtained  results  \-ery  similar  to  those  of  Mac- 
Callum and  YoegtUn  (1)  in  the  blood  calcium. 

Howland  and  JNIarriott  (13)  in  1917  showed  that  in  infantile 
tetany  the  calcium  of  the  scrum  decreased  very  materially  while 
the  phosphates  and  magnesium  remained  singularly  constant. 
These  observations  have  recently  been  reaffirmed  in  the  same  lab- 
oratory by  Kramer,  Tisdall,  and  Howland  (.')).  The  latter  authors 
further  found  that  sodium  remains  quite  constant,  but  that 
potassium  tends  to  increase  as  the  calcium  decreases.  However, 
the  change  in  potassium  was  not  very  maiked,  and  they  conclude 
that  low  calcium  is  responsible  for  infantile  tetany. 
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Binder  (14)  in  1917  found  that  the  injection  of  the  alkaline 
phosphates  caused  tetany  and  also  reduced  the  calcium  and 
advances  the  hypothesis  that  phosphates  axe  -^l--^^^  ^;  ^^^^^ 
tetany.  Greenwald  (15),  however,  does  not  agree  with  this  and 
has  shown  that  phosphates  alone  have  no  toxicity.  He  beheyes 
Jhat  the  effect  of  the  phosphates  is  due  to  a  disturbance  m  the 
balance  of  the  other  elements.  . 

To  determine  whether  or  not  there  is  a  disturbance  in  the 
balance  of  the  elements  ih  parathyroid  tetany,  ^^  ^  ----^^^^ 
make  a  complete  studv  of  the  inorgamc  elements  of  the  blood. 
With  this  view  in  mind  we  have  attempted  to  follow  the  inorganic 
constituents  through  the  various  stages  in  parathyroid  tetany, 
without  special  reference  to  the  cause  of  tetany. 

EXPERIMENTAL. 

Dogs  have  been  used  as  experimental  animals.     Norioial  values 
in  the  blood  have  been  determined  after  a  48  hour  fasting  period 
except  in  one  case,  see  Table  V.     The  operations  ^^r  removal  o 
the  entire  thyroid-parathyroid  structures  were  carried  out  under 
aseptic  cond  tions  and  the  animals  fasted  throughout  the  period 
Sthe  experiment.     Blood  was  obtained  from  the  external  jiigular 
vein  by  aspiration.     The  chlorides  were  determined  according  to 
the  Wliitehorn  (16)  method,  total  phosphorus  according  to  Bloor 
(17),  and  the  calcium,  potassium,  sodium,  and  magnesium  by  the 
procedure  of  Kramer  and  TisdaU  (18)  for  whole  blood.     Shgh 
modifications  were  made  in  the  method  of  P0^"\;''^' 
potassium  of  dog  blood  is  very  much  lower  than  in  --an  blo^d 
1  cc  of  the  final  acid  filtrate  was  used  instead  of  0.2  cc.  as  called 
for  in  the  original  method.     The  proportions  of  the  other  reagents 
were   not   altered.     Blank   controls   were   determined  upon   all 
reagents  and  found  to  be  sufficiently  pure  without  necessitating 
any   correction  factors.     Duphcate  analyses  were  made  in  all 
cases      As  the  method  of  Kramer  and  Tisdall  necessitates  the 
weighing  of  the  blood  rather  than  the  measuring,  all  the  analyses 
are  reported  on  a  weight  basis,  and  values  are  expressed  per  100 
gm  of  whole  blood  rather  than  per  100  cc.  as  is  the  usual  custom. 
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The  Inorganic  Ratios  of  the  Normal  Fasting  Dog. 

In  a  study  of  the  ratio  of  the  various  ions  it  is  necessary  to 
establish  the  various  ranges  of  the  elements  under  normal  fasting 
conditions  and  also  after  the  operation  to  determine  the  effect  of 
the  anesthesia  used  in  the  operation.  Analyses  which  tend  to 
show  the  widest  ranges  of  the  various  elements  as  determined 
have  been  selected  and  are  presented  in  Table  I.  All  analyses 
were  made  after  48  hours  fasting,  values  expressed  as  mg.  per 
100  gm.  of  blood. 

From  the  above  analyses  it  will  be  seen  that  the  inorganic 

elements  under  similar  conditions  are  quite  constant,  the  greatest 

•  variation  occurring  in  the  case  of  potassium.     These  values  agree 

T.\BLE  I. 

The  Inorganic  lo7is  of  the  Blood  during  Fasting. 


Dog  1,9. 

Dog  2,  9. 

Dog3.  cf. 

Dog  4. 

Dog  5. 

Dog  6. 

Dog  7. 

C12       

318.0 

35.0 

5.5 

31.0 

312.0 

5.8 

296.0 

35.8 

5.3 

29.0 

305.0 

5.2 

302.0 

39.2 

5.7 

25.3 

301.0 

4.9 

330.0 

37.1 

5.9 

26.8 

310.0 

4.9 

318.0 

34.8 

5.6 

31.0 

315.0 

5.9 

310.0 

38.9 

5.7 

29.6 

313.3 

5.6 

312.0 

Total  P 

Ca 

40.3 
5.5 

K         

31.8 

Na       

312.0 

Mg 

4.6 



fairly  closely  with  those  cited  by  Abderhalden  (19),  except  in  the 
case  of  magnesium,  on  which  Abderhalden  found  much  lower 
results  while  the  correctness  of  the  magnesiuna  determinations 
were  not  checked  against  a  known  amount  of  magnesium,  several 
analyses  were  made  upon  human  blood  with  the  same  reagents 
and  the  values  found  agree  very  closely  with  those  cited  by 
Kramer  and  Tisdall. 

Loeb  (20)  in  1915  found  that  to  preserve  normal  irritabiUty  of 

nerves  the  ratio  of  L^,  ,  ,^,-  ,   must  be  maintained  fairly  con- 

(Ca)  +  (Mg) 

stant.  In  calculating  the  ratios  of  the  monovalent  ions  to  diva- 
lent ions  of  the  seven  analyses  cited  tliis  ratio  does  approach  a 
fairly  constant  figure,  ranging  between  29.2  to  33.3. 
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Influence  of  Fasting  and  Ether  Anesthesia  upon  the 
Organic  Ratios. 

In  Table  II  the  effect  of  starvation  and  of  anesthesia  wiU  be 
seen  This  dog  did  not  develop  tetany  after  the  removal  of  the 
parathyroids,  and  remained  aUve,  apparently  normal  for  2 
months,  at  which  time  the  animal  was  utihzed  for  other  experi- 
mental purposes.  The  various  elements  before  and  3  days  after 
the  operation  were  practically  unchanged  within  the  hmits  of 
experimental  error.  With  the  observed  constancy  of  these 
various  ions,  not  only  in  the  same  individual,  but  also  m 
different  individuals,  any  change  of  note  in  one  of  the  elements 
will  readily  effect  the  ratio. 

TABLE  II. 

Injlumce  of  Fasting  and  Anesthesia  upon  the  Inorganic  Ions  of  the  Blood. 

Dog  8;  male;  weight  22.3  kilos;  analyses  after  48  hours  fasting. 


Date. 


1911 

Dec.  16... 
"  17... 
"     20... 


„,,     .,  Total 

Chlorides,  phosphorus 


302 
300 


Calcium. 


Potassium, 


Sodium. 


Magnesium. 


38.8  5.9  30.0     I      306 

Anesthesia  and  operation. 
40.0    I      5.8      1      31.2     I      310 


5.9 


Considerable  difficultv  has  been  expeiienced  in  obtammg  tetany 
follo^ving  the  removal  of  the  parathyroids.  Over  one-half  of  the 
animals  studied  failed  to  develop  any  symptoms.  In  our  exten- 
sive experience  with  this  type  of  investigation  such  a  result  is 
unusual  and  difficult  of  explanation.  Both  thyroid  and  para- 
thyroid glands  were  apparently  removed  in  aU  mstances,  and  it 
must  be  concluded  that  these  refractory  anhnals  had  accessory 
parathvroids,  which  were  not  imbedded  in  the  thyroid  tissue, 
and  thus  failed  to  be  removed  in  the  operation. 

The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon 
the  Inorganic  Ratios  of  the  Blood. 

Dog  9  was  operated  upon  December  8th  and  on  the  2nd  day 
developed  sjTnptoms  of  mild  tetany  (Table  III). 

The  most  striking  changes  in  the  elements  here  are  the  decree 
in  calcium,  and  the  increase  in  potassium  and  phosphorus.    The 


110 


Metabolism  of  Inorgaiiic  Salts.     I 


TABLE  III. 

The  Influence  of  Removal  of  the  Thyroids  and  Paralhurcids  upon  the  Inorganic 

Ion  Balance  of  the  Blood. 


Dog  9;  male;  weight  10. S  kilos. 

Per  100  gm.  of  blood. 


Remarks. 


Normal;  taken  48  hrs.  after  last 

meal. 
Complete   removal   of   thyroid 

and  parathyroid  structures. 
Dog  showed  tremors,  increased 
temperature    at    10  30    a.m. 
Blood  sample  taken  at  11.30 
a.m.     Tremors     stopped     at 
12.15  p.m.      10.30  p.m.   dog 
apparently  normal. 
11.30   a.m.  drank  water   very 
copiously.     Increased  respir- 
ation, tetany.    Blood  sample 
taken    at    12.00    m.    Shortly 
after     bleeding,     respiration 
returned  to  normal. 
Severe    tetany   9    a.m.    Blood 
sample  taken  10  a.m.  followed 
by  injection  of  20  cc.  of  5  per 
cent   calcium   lactate;   10.30 
a.m.     dog     recovered.    9.30 
p.m.    severe    tetany.     Given 
20    cc.    of    calcium    lactate. 
12,00  m.,  no  relief,  Cheyne- 
Stokes'  breathing. 
9.30  a.m.  dog  still  in  tetany; 
given  20  ce.  of  5  per  cent  cal- 
cium    lactate;     10.30    a.m. 
tetany      practically      disap- 
peared;    11.30     a.m.      slight 
tetany,     labored    breathing. 
Blood     sample     at     6    p.m. 
Condition    about    same.     10 
p.m.    dog   dead,    no   convul- 
sions, no  frothing  at  mouth. 


E.  G.  Gross  and  F.  P.  Underbill  HI 

chlorides  fell  slightly,  l.ut  the  sodium  and  magnesium  remained 

practically  constant.     The  ratio  of  ^^  changes  from  6.2  to  28.4 

and    the    ratio    of    ^    from    3.8   to    19.     The    ratio   of   the 

(Na)  +  (K)    pj^j^j^ggg  froi^  29.0  to  48.5.     These  ratios  are  given 

fm'lhtn™l  and  the  final  analysis  attained  preceding  death, 
'as  this  gives  the  greatest  change  in  the  constituents 

While  the  first  injection  of  calcium  lactate  was  not  apparen  y 
effective,  the  second  injection  the  following  day  quite  promptly 
relieved  the  symptoms.  The  effect  of  calcium  is  of  very  tempo- 
rary nature  and  the  extra  calcium  injected  soon  leaves  the  blood 
stream  as  shown  by  the  analysis  made  8i  hours  after  the  exhibition. 
Dog  10  developed  tetany  on  the  3rd  day  after  the  operation 

^^tirinimal  at  the  onset  of  tetany  the  blood  calcium  was 
reduced  over  50  per  cent  while  the  other  elements  were  httle  if 
any  effected.  The  phosphorus  was  unchanged  withm  experi- 
mental Umits  throughout  the  entire  period.     The  ratio  of  ^^ 

(Na)  +  (K)    -    ^  oo  Q 
changes  from  4.5  to  22.2,  and  the  ratio  of  ^^^^-I^^^  ^^^"^  ■^^■ 

to  40  2  These  ratios  approach  the  ratios  obtained  in  the  pre- 
ceding animal.  It  is  impossible  to  draw  any  deductions  from 
the  ratios  obtained  just  at  the  beginning  of  tet.w,  as  usually 
the  dogs  had  developed  tetany  during  the  mght.  However,  com- 
paring Dogs  9  and  10  when  the  first  convulsive  tetany  appeared  the 

ratios  of  g^  are  quite  close  ranging  from  10  in  Dog  5  to  10.2  in 

T.      in     The  ratio  of  the  'i^^^^^Z^l^^ilSIL^  is  also  remarkably  close 
Dog  10.     Theiatioottne     ^ij^^igj^^  ions 

being  40.1  in  Dog  9  and  40.2  in  Dog  10. 

That  the  injection  of  soluble  calcium  salts  relieves  the  symp- 
toms of  tetany  by  increasing  the  blood  ^^^l^j^^^  ^^«l^f '"'!  JX 
the  analysis.  This  analysis  made  4  hours  and  15  minutes  aftei  the 
injection  of  C'a  lactate  still  showed  a  marked  increase  in  calcium. 
The  reUef  of  tetany  lasted  o^•cr  a  considerably  longer  period  than 
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TABLE  IV. 
The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon  the  Inorganic 
Ion  Balance  of  the  Blood. 
Dog  10;  male;  weight  13.7  kilos. 


Date. 


WIB 

Jan.    3   ' 

\  I. ';,■■:■  ■ 


8 

9 

10 


"     10 

"     11 
4.45  p.m. 


Jan. 11 


12 


13 


14 


mg. 
290 


275 


268 


255 


;63 


252 


Per  100  gm.  of  whole  blood. 


^  o 

■ga 

Eh 


mg. 
40.5 


39.6 


37.7 


37.9 


mg. 
5.2 


2.8 


2  ■? 


1.7 


38.5 


40.0 


3.3 


mg 
23.5 


28.8 


31.1 


28.5 


mg. 
313 


281 


272 


237 


29.5 


35.0 


240 


252 


Remarks. 


mg 

5.04 


4.9 


5.8 


5.1 


5.7 


5.06 


Normal  blood  sample  taken 
2  days  after  last  meal. 

10.30  a.m.  complete  removal 
of  thyroid  tissue  (4  para- 
thyroids foimd). 

Dog  normal. 

u  u 

S. 30  a.m.  severe  convulsions, 
frothing  at  mouth,  blood 
sample  taken.  Improved 
9.45  a.m. 

9.00  p.m.  distinct  tetanic 
twitching  of  legs. 

8.30  a.m.  dog  quiet.  1.00 
p.m.  beginning  tetany. 
.J. 45  p.m.  marked  tetany, 
blood  sample  drawn.  5.45 
p.m.  severe  convulsions. 
6.28  p.m.  given  20  cc.  cal- 
cium lactate  subcutane- 
ously. 

9.00  p.m.  dog  resting  quietly 
{blood  sample  drawn). 

Dog  resting  quietly,  8.00 
a.m.  2.00  p.m.  mild  tetany. 

8.00  a.m.  slight  twitching. 
$.00  p.m.  mild  tetany,  no 
increased  respiration, 

blood  analyses.  8.30  p.m. 
very  increased  tetany, 
given  20  cc.  of  calcium 
lactate. 

Except  for  slight  twitchings 
resting  well.  Blood  count 
7,256,000. 
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TABLE  TV— Concluded. 


Date. 


Jan.  15 


16-19 


20 


Per  100  gra.  of  whole  blood. 


■Si 
to. 


250 


264.5 


mo. 

41. 


s 
o 


40.2 


1.3 


mg. 
27.3 


1.4 


31.0 


mg. 
229 


231 


mg. 
6.1 


5.1 


Remarks. 


lO.OO&.ro..  about  same  condi- 
tion, hlood  sam-ple  drawn. 

Jan.  16,  17,  18,  19  dog  very 
weak  with  constant 
twitching,  given  food  Jan. 
19,  ate  all  food. 

Twitching  markedly  de- 
creased; blood  sample 
taken.  Dog  taken  to 
basement,  refused  food; 
died  Jan.  25  without  any 
convulsions. 


While  apparently  the  calcium  is  the  only 
element  effected  the  ratio  of  -^^^^  ""  ,?t  at  this  analysis  is  30, 


in  the  preceding  case. 


(Ca)  +  (Mg) 

being  approximately  the  normal  ratio,  while  at  the  succeeding 
attack  of  tetany  the  ratio  becomes  42,  which  is  very  close  to  the 
ratio  of  these  ions  at  the  first  attack  of  tetany. 

Dog  11  developed  tetany  the  3rd  day  following  the  operation 

(Table  V).  .        .     ^,. 

This  dog  also  showed  a  low  calcium.  The  potassium  m  this 
dog  did  not  rise  bevond  the  range  of  experimental  error.  The 
normal  potassium  was  very  high,  and  perhaps  this  high  value 
can  be  accounted  for  by  the  fact  that  the  normal  analysis  was 
made  directly  after  a  meal.  The  dog  never  developed  typical 
tetany,  but  showed  a  condition  marked  by  stiffening  of  legs  and 
violent  breathing,  finally  djdng  of  respiratory  failure.  The  nor- 
mal ratio  of  -^  was  5.8  changing  to  9.5  at  first  attack  and  the 
(Ca) 

(Na)  +  (K)      ,.         J  c 
final  ratio  being  16.4.    The  ratio  of  ^^a)  +  (Mg)      ^""^ 

30  in  the  normal  to  35.3  at  first  attack  and  finaUy  reaching  the 
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TABLE  V. 

The  Influence  of  Removal  of  the  Th/roirh  and  Pamlhiirohh  upon  the  Inorganic 
Ion  Balance  of  the  Blood. 

Dog  11;  male;  weight  19  kilos.  


Per  100  gm.  of  whole  blood. 


iDtS 

Jan.  17 
"     21 


"     23 
10.30  a.m 
10.00  p.m 


mg. 
296 


Jan.  24 


296 
305 


si 


38.0 


mg. 

5.9 


36.0 
37.7 


3.8 
3.4 


306 


37.6 


297 


42.0 


mg. 
34.2 


mg. 
313 


35 
35.0 


303 
297 


37.9 


Lost. 


36.3 


mg. 

5.7 


5.8 
5.8 


313 


5.5 


Remnrks. 


Normal  blood  sample 
drawn  30  min.  after  last 
meal. 

Complete  removal  of  thy- 
roid and  parathyroid 
structures. 

Dog  normal. 

9  a.m.  apparently  well,  9.30 
a.m.  drank  water  copi- 
ously, 10  a.m.  tetany  in 
hind  legs.  10.30  a.m. 
blood  sample  taken. 
11.00  a.m.  dog  improved, 
but  slight  twitching.  12 
m.  no  twitching  but  dog 
restless.  10  p.m.  no 
tetany,  blood  sample 
taken. 

9  a.m.  same  condition,  2. SO 
p.m.  after  drinking  copi- 
ously dog  stiffened  in 
cage  and  apparently  had 
respiratory  failure,  arti- 
ficially respirated  and 
blood  sample  taken.  Nor- 
mal breathing  returned 
after  blood  drawing. 

Dog  very  restless,  difficult 
breathing,  slight  twitch- 
ing of  legs.  Blood  drawn 
at  11  a.m.  Dog  died  at 
12.45  p.m.  of  respiratory 
failure,    no    convulsions. 
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monovalent  .  ^  xi  „  «,=+ 

value  of  45.4.     The  ratio  of  the  -^^r;^^^^^  ^ons  at  the  first 

attack  is  considerably  lower  than  in  the  other  two  dogs  but  this 
may  possibly  be  explained  by  the  fact  that  the  anunal  did  not 
develop  true  convulsive  tetany,  as  experienced  m  all  the  other 

animals.  ,      .       ,,  ,. 

Dog  12  developed  tetany  the  3rd  day  followmg  the  operation, 
showing  a  verv  active  tetany  in  a  short  time  (Table  VI).  In 
this  case  as  in  Dogs  9  and  10  the  calcium  dropped  markedly  and 

the  potassium  increased.  The  ratio  of  ^  in  the  normal  was 
5.2  changing  to  13.2  at  the  height  and  finally  reaching  the  ratio 
of  17.  The  ratio  of  ^^^^)  ranged  from  32.5  in  normal  to 
43.9  at  height  and  finally  attaining  the  ratio  of  51.  The  ratios  of 
(K)  ,  (Na)  +  (K)_  ^.^^  ^^  ^^^  j,j.e  ^jgher  than  any  of 
(Ca)  "^^  (Ca)  +  (Mg)  .    ,  • 

the  preceding  cases.  This  dog  may  possibly  have  had  a  previous 
attack  during  the  night  and  recovered,  which  might  also  account 
for  the  sudden  attack  in  the  morning.  No  marked  changes 
occurred  in  any  of  the  other  elements. 

Dog  13,  again  developed  tetany  in  3  days  and  the  ratio  of  — 
varied  from  5.12  in  normal  to  15.8  at  height  and  the  final  ratio 

Koc      TV,o  r^tm  of     ^^^^  "^         -  was  33.2  in  normal  to 
was  52.8.     ihe  latio  ot   ^^^^   _^   ^^^^^ 

49  8  at  height,  the  final  ratio  being  52.8.  All  the  ratios  in  this 
animal  are  again  higher  than  those  in  the  first  three  animals  at 
the  first  severe  tetany.  This  dog  was  in  tetany  m  the  morning 
when  first  observed,  and  may  have  had  other  attacks  ihis 
suggestion  is  strengthened  by  the  fact  that  the  drawing  of  blood 
did  not  benefit  the  condition,  which  is  contrary  to  our  observa- 
tions with  the  most  of  the  other  animals.  Bleeding  at  the  be- 
ginning of  tetany  nearly  always  temporarily  relieves  the  symp- 
toms Whether  the  ratios  would  have  changed  further  is  not 
known  as  the  animal  was  bled  to  death  after  the  last  analysis. 

As  in  the  case  of  Dog  9,  tlfis  animal  showed  a  marked  increase 
in  the  total  phosphorus.     Why  such  increases  should  be  obtained 


TABLE  VI. 
The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon  the  Inorganic 
Ion  Balance  of  the  Blood. 
Dog  12;  female;  weight  20  kilos. 


Date. 


19SI 

Feb.    3 

"  6 
"  7 
"  8 
"  9 
9.30  a.m. 


Feb.    9 


10 


11 


12 


13 


Per  100  gm.  of  whole  blood. 


mg, 
294 


267 


292 


270 


290 


■go. 


mg 
35.0 


35.0 


mg. 
5.3 


mg 
28.0 


37.0 


mg. 
305 


310 


mg. 

4.9 


35.0 


34.8 


34.5 


2.8 


2.0 


32.3 


32.0 


34.0 


309 


274 


298 


5.; 


4.5 


4.6 


Remarks. 


Normal  taken  2  days  after 

last  meal. 
Complete  thyroid  removal. 
Dog  normal. 

9.00  a.m.  dog  apparently 
normal,  drank  water  very 
copiously.  9.15  a.m.  ac- 
tive tetany.  9.30  a.m. 
blood  drawn.  11.00  a.m. 
dog  standing  up,  tetany 
about  disappeared, breath- 
ing rapid.  11.45  a.m. 
severe  tetany,  chattering 
teeth,  rapid  respiration. 
11.55  a.m.  given  20  cc.  5 
per  cent  calciimi  lactate 
subcutaneously.  1.45  p.m. 
still  in  convulsive  tetany, 
rapid  respiration,  given  20 
cc.  5  per  cent  calcium  lac- 
tate. 3.00  p.m.  tetany 
disappeared,  respiration 
normal. 

S.OO  p.m.  blood  sample  taken. 
0.00  p.m.  dog  apparently 
normal. 

9.00  a.m.  dog  in  severe 
tetany,  blood  sample  taken. 

8.30  a.m.  dog  in  tetany  of 
more  or  less  severe  spas- 
modic attacks.  4-30  p.m. 
blood  sample  taken;  spas- 
modic tetany. 

No  blood  sample  taken. 
Dog  about  the  same. 

Dead.     No  convulsions. 
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in  some  cases  and  not  in  others  is  not  understood.  In  the  results 
of  Greenwald  published  by  Hastings  and  Murray  (4)  he  has 
found  increases  in  phosphorus  in  aU  the  cases  cited.  Our  results 
do  not  entirely  agree  with  those  of  Greenwald. 

While  it  is  well  known  that  calcium  exists  entirely  in  the  serum, 
and  potassium  chiefly  in  the  ceUs,  it  is  not  easy  to  explain  these 
changes  on  the  ground  that  the  blood  has  become  more  concen- 

TABLE  VII. 

The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  «pon  the  Inorganic 

Ion  Balance  of  the  Blood. 

Dog  13;  female;  weight  12  kilos. 


Date, 


Mar.    7 


"  8 
"  9 
"  10 
8.30  a.i 


Mar.  10 
5  p.m. 


Per  100  gm.  of  whole  blood. 


mff. 

310 


278 


■go. 


ma, 
36.8 


50.0 


mg. 

5.8 


2.4 


289     55.7    1.9 


mg, 

26.1 


38.0 


38.6 


mg. 

330 


320 


321 


Remarks. 


mg. 
4.9 


4.8 


4.9 


Normal  after  48  hrs.  fasting. 

Thyroid  and  parathyroids 

removed. 
'Dog  normal. 

7.30  a.m.  slight  twitching 
movements.  8.00  a.m. 
rapid  breathing  and 
tetany.  8.30  a.m.  blood 
sample  dravm. 

No  especial  benefit  from 
bleeding,  continued  te- 
tany. Blood  sample  ial^en 
at  5  p.m.  and  dog  bled  to 
death. 


trated.  While  neither  blood  soUds  nor  hemoglobin  have  been 
foUowed  in  these  experiments,  it  has  been  shown  in  this  laboratory 
by  UnderhiU  and  Nellans  that  the  hemoglobin  values  remain 
fairly  constant  in  parathyroid  tetany.  Further  proof  that  this 
cannot  be  the  explanation  is  the  fact  that  the  chlorides,  sodium, 
and  magnesium  remain  practically  constant,  and  also  phosphorus 
in  the  majority  of  cases. 
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SUMMARY   OF   THE    EATIOS    OBTAINED   IN   TETANY. 

That  the  symptoms  of  the  increased  irvitability  and  tetany  are 
closely  allied  to  the  distm'bcd  ratios  of  the  various  ions  will  be 
seen  in  Table  VIII. 

From  tins  table  the  results  suggest  that  changes  m  the  ratios 
are  more  important  than  the  absolute  changes  in  any  one  of  the 

monovalent  .  i.  „  ac\ 

elements.     Wlien  the  ratio  of  the  "^f— j^^  lo^s  reaches  40 

and  above  the  animals  always  show  convulsive  tetany,  while  the 

rai-io  -^  of  10  or  above  is  accompanied  by  convulsive  tetany. 
(Ca) 

TABLE  VXII. 
Ion  Ratios  in  Tetany  after  Removal  of  Thyroids  and  Parathyroids. 


Period. 


lone. 


Normal 

Height 

Death 

After  Ca  injections  suc- 
ceeding tetany 


(K) 
(Ca) 


Normal 

Height 

Death 

After  Ca  injection  suc- 
ceeding tetany 


Dor  9.    Dog  10, 


(Na)  +  (K) 
(Ca)-l-(Mg) 


3.8 

10.0 

19.0 

9.0 

19.5 

28.7 

40.1 
48.5 
30.0 
42.0 


4.5 
10.2 

97   9 


32.8 

40.2 
40.2 


Dog  n. 


5.8 

9.5 
16.4 


30.0 

35.3 
45.4 


Dog  12, 


5.2 

13.2 

17.0 


32.8 

43,9 
51.0 


,Dog  13. 


5.1 

15.8 
23.1 


31.4 

49.8 
52.8 


DISCUSSION. 

From  the  preceding  results  it  is  apparent  that  there  is  a  marked 
chan.'e  in  certain  of  the  blood  constants,  especially  in  the  case  of 
calcium  and  potassium  following  parath>-roid  tetany  Whether 
the  removal  of  the  parathyroids  is  directly  responsible  for  these 
changes  or  whether  the  change  in  the  blood  salts  is  a  secondary 
manifestation  cannot  be  inferred  from  the  data.  However,  we 
are  of  the  opinion  that  the  parathyroids  function  in  some  manner 
or  other  in  the  detoxication  of  some  toxic  products  which  prob- 
ably affects  the  calcium.     Recently  Lucldiardt  and  Rosenbloom 
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(21)  have  shown  that  by  continuous  intravenous  injections  of 
calcium-free  Ringer's  solution,  thereby  keeping  up  a  brisk  diuresis 
they  were  able  to  maintain  tetany  dogs  for  51  days.  This  would 
immediately  point  to  some  toxic  substances  being  washed  out  of 
the  blood.  "  Paton  and  Findlay  (22)  have  ascribed  this  toxic  prod- 
uct to  guanidinc,  and  were  able  to  produce  typical  tetany  in 
dogs  by  injection  of  this  substance. 

It  has  long  been  observed,  as  our  own  experiments  show,  that 
at  least  in  the  early  part  of  tetany,  the  mere  expediency  of  drawing 
blood  will  temporarily  alleviate  the  symptoms  of  tetany,  it  is 
very  difficult  to  explain  such  a  phenomenon,  unless  we  assume  a 
toxic  product  in  the  blood  stream. 

In  the  relation  of  calcium  to  potassium  a  rather  remarkable 
change  may  be  observed.     It  is  a  well  recognized  fact  that  potas- 
sium is   antagonistic  to  calcium.      There  are  no  readily  avai  able 
stores  of  calcium  to  be  called  upon,  while  the  various  cells  of  the 
body  store  large  amounts  of  potassiiun,  which  could  be  easily 
called  into  use.     The  more  potassium  poured  into  the  blood,  the 
greater  becomes  the  disturbance  in  the  equilibrium  of  the  ions. 
If  the  relation  of  the  ratios  between  these  two  elements  at  the 
time  of  the  first  attack  of  severe  tetany  are  of  any  sigmficance  in 
relation  to  the  conception  of  these  symptoms,  then  a  further  in- 
crease in  the  ratio  of  potassium  to  calcium  must  be  more  detri- 
mental to  the  organism.     That  the  change  in  potassium  as  well 
as  calcium  perhaps  has  an  apparent  importance  is  highly  probable. 
Kramer,  Tisdall,  and  Howland  (5)  have  found  increases  in  potas- 
sium in  infantile  tetany.     MacCallum  and  Voegthn  (1)  m  study- 
ing the  effect  of  various  salts  upon  tetany  found  that  the  injection 
of  potassium  acetate  did  not  relieve  the  symptoms,  but  if  any- 
thing tended  to  increase  the  tetany,  while  it  required  a  greater 
subsequent  injection  of  calcium  lactate  to  reUeve  these  ammals 
While  these  experiments  of  the  latter  authors  are  of  doubttul 
significance   they   at   least   furnish    an   interesting   speculation. 
That  this  peculiar  relation  of  calcium  and  potassium  is  not  an 
idiosyncrasy  of  tetany  alone  has  been  shown  in  this  laboratory. 
By  the  injection  of  sodium  oxalate  the  calcium  of  the  blood  can 
be  greatly  decreased,  while  the  potassium  rises,  even  to  a  greater 
amount  than  that  obtained  in  tetany.     With  these  facts  before 
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us  it  is  quite  possible  that  calcium  and  potassium  are  very  in- 
timately related  in  their  metabolism,  and  when  the  equilibrium 
existing  between  them  is  disturbed  grave  consequences  foUow. 

CONCLUSIONS. 

1.  The  blood  salts  in  dogs  under  normal  fasting  conditions  are 

practically  constant.  x-      u  +    ..„ 

2.  Parathyroidectomy     chiefly     disturbs    the    ratio    between 

calcium  and  potassium. 

3.  The  inception  of  tetany  obtains  with  a  defimte  change  m  the 

ratio  of  calcium  to  potassium.  ,  ,■  , 

4  The  hypothesis  is  suggested  that  both  low  calcium  and  high 
potassium  are  factors  in  the  production  of  the  increased 
irritabihty. 
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INTRODUCTION. 

T?Peent  articles  by  L.  J.  Hende'rson  (1920, 1921),  Parsons  (1919) 
VaXke  (T9  ^;  1922),  and  A.  V.  Hill  (1922)  have  sumn^anzed 
rrpresent  Stat  of  our  knowledge  concerning  the  interaction  of 
otgTclon  dioxide,  hemoglobin,  chlorides  and  other  constit- 
u?nS  involved  in  the  respiratory  function  of  the  blood  and  m  the 
m^ntenance  of  its  neutrality  and  osmotic  pressure.  The  field 
"Tts  present  state  has  been  developed  from  the  blood  g-  studies  of 
BoS  Haldane,  Barcroft,  and  their  coUaborators,  and  the  invest  1- 
gattfof  the  blood  electrolytes  dating  from   Zuntz  ^W; 

Hamburger  and  Glirber  to  present  ^^^^^^^f  ^^^  ^^•^- V;,.f  ^90   • 
son,  1908;  Van  Slyke  and  Cullen,  191   ;  Adolph  -^^  F.^^^      ^^ 
Fridericia,    1920;   Doisy,   Eaton,   and   Chouke,  1922,  Barciott, 
Bock   Hill,  Parsons,  Parsons,  and  Shoji,  1922). 

The  rea;tions  known  to  be  involved  in  the  respiratory  changes 
of  the  blood,  and  the  accompanying  shifts  of  gases  and  acids 
between  plasma  and  cells,  are  in  part  indicated  quahtatively 

bv  the  accompanj-ing  diagram  (Fig.  1).  .  ,     ,      • 

All  six  reactions  are  forced  from  left  to  right  by  increase  m 

H.CO3,  which  results  in  formation  in  the  plasma  of  bicarbonate 

fr;m  two  sources  (Reactions  1  and  2),  and  in  the  cells  from  two 

other  sources  (Reactions  5  and  6). 
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The  displacement  of  base  from  combination  with  hemoglobin 
bv  HCl  R  aXn  4)  or  H.CO3  (Reaction  6)  results  m  a  decrease 
in  the  4genlu,^  hemoglobin  (last  steps  of  Reactmns  4  and 
eVbecause  when  alkaU  hemoglobinate  loses  part  of  its  alkah  it 
al^o  loses  part  of  its  affinity  for  oxygen. 

On  th^  other  hand,  increase  of  0.  (from  the  lungs)  forces  Reac- 
tions ltd  6  backwards,  and  thereby  through  Reactions  6  and  2 

"b^ t'S'rra^tions  outhned  influx  of  oxygen  sets  H.CO3  free 
and  thereby  helps  the  blood  throw  off  in  the  lungs  its  overload  ^ 
CO  ^v^le  in  the  capillaries  influx  of  CO.  sets  oxygen  free  fiom 
^ombittl^n  and  thereby  makes  it  more  readily  available  to  the 

^lus  apparent  from  the  diagram  that  eveiy  reaction  affects 
every  oth  r  reaction.  In  a  given  blood  the  0=/"^  .*^^  .^f^^^ 
concentrations  are  the  two  variables  that  -  direc  ly  ch^^^^^^^^^ 
by  respiration,  and  their  alterations  govern  the  ^f^of^Pf^^;^^ 
changes  in  all  the  other  variables,  which  are  dependent  on  them 
'  As  L  J  Henderson  has  pointed  out  (1921),  when  we  have 
f^a  given  blood  only  two  independent  variables  to  dea  ..  h 
bv  determining  the  relationship  of  each  other  variable  to  these 
tio  o  any  given  two  within  the  system    the  qu-titative 

nte  relationships  among  them  all  may  be  deternuned.  Tks 
n?ay  be  accomphshed  either  algebraically,  or,  more  simply,  by 
a  two  dimensional  diagram  such  as  Henderson  has  used  (1921) 
or  by  an  ahgnment  chart.  (The  pH,  although  not  indicated  on 
our  diagram  is  also  one  of  the^e  dependent  variables,  since  its 
value  is  set  by  the  BHCO3  and  H.Ca  -orduig  to   Hassel- 

balch's  (1917)  equation  pH  =pK'  +  log  -]^^]  } 

It  appears  that  the  chief  substances  and  reactions  involved  in 
the  reStorv  changes  of  the  blood  are  probably  Icnown;  and 
that  HencleLn  has  solved  the  mathematical  problem  of  expressing 
by  a  practicable  method  the  many  relationships  ^^olved 

One  cannot,  however,  read  the  recent  theoretical  papers  quoted 
at  the  beginning  of  tliis  paper  without  being  struck  by  the  present 

nadequa?y  of  experimental  data  -^^-^^^^^'^^^^  ^^^Z 
to  pennit  within  definable  hmits  of  error  the  formulation  of  the 
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quantitative  relationships  involved.^  Such  data  require  simul- 
taneous observations  of  several  changes  with  technique  of  a 
precision  gauged  in  detail  to  meet  the  requirements  of  the  problem. 

PreHminary  experiments  leading  towards  the  systematic 
determination  of  data  on  the  various  factors  in  the  system  were 
begun  by  McLean,  Murray,  and  L.  J.  Henderson  (1920)  in  Hender- 
son's laboratory.  The  magnitude  of  the  task  made  a  coordinated 
division  of  it  between  at  least  two  laljoratories  advisable,  and  the 
present  series  of  papers  from  this  laboratory  is  the  partial  result 
of  such  a  division. 

The  problem  of  the  determination  of  CO2  and  O2  tensions  by 
analyses  of  the  gas  phase  was  already  solved  by  Haldane's  appar- 
atus for  air  analysis.  We  used  this  apparatus  with  the  single  4-way 
stop-cock  introduced  by  Yandell  Henderson  (1918). 

The  methods  available  for  the  determination  of  blood  gases 
were  less  satisfactory.  Fig.  2  is  constructed  from  observations 
collected  from  the  Uterature  by  Peters,  Barr,  and  Rule  (1920),  and 
presents  in  graphic  form  the  relations  which  appear  to  obtain 
between  the  carbon  dioxide  tension,  the  carbon  dioxide  concen- 
tration, and  the  hydrion  concentration  in  average  normal  human 
blood.  On  this  figure  have  been  introduced  carbon  dioxide 
absorption  curves  (a),  of  completely  oxygenated  blood;  (b),  of 
completely  reduced  blood  (located  at  the  distance  above  the  curve 
of  oxygenated  blood  inchcated  by  the  results  of  Christiansen, 
Douglas,  and  Haldanc  (1914)) ;  and  (c),  of  plasma  from  the  oxygen- 
ated blood.  A  comparison  of  these  curves  shows  the  magnitude 
of  the  changes  which  it  is  necessary  to  analyze. 

The  large  unblocked  rectangle  (A)  represents  an  estimation 
of  the  maximimi  combined  error  involved  in  the  determination  of 
the  carbon  dioxide  absorption  curve  by  a  technique  employed 
recently  by  Peters,  Barr,  and  Rule  (1920).  The  error  is  indicated 
in  terms  of  pH,  of  volumes  per  cent  of  carbon  dioxide  in  the  blood, 
and  of  miUimeters  of  carbon  dioxide  tension.  We  believe  that  the 
procedure  employed  in  these  experiments  was  as  accurate  as  that 
used  by  previous  workers.  Nevertheless,  the  rectangle  representing 
the  possible  cumulative  error  covers  40  per  cent  of  the  difference 

iThe  quantitative  relationships  between  Reactions  1  and  2  appear 
satisfactorily  established  in  a  paper  by  Doisy,  Eaton,  and  Chouke  (1922), 
which  appears  as  this  paper  goes  to  press. 
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CO2  tension   mm.  Hg 
Fig.  2. 
A  =  Maximum  combined  error  estimated  to  exist  in  method  used  by  Peters 
and  Barr  for  the  determination  of  the  CO.  absorj..on^curve.  ^^^^^ 

B  =  Error  ascribed  by  Hasselbalch  to  the  electrometric  method  of  deter- 

C  =  nSSZ^ior  of  earlier  methods  of  measuring  ^  ^^^^ 
content  of  blood.  ^  in  m-\ 

D  =  Error  of  present  electrometric  pH  measurements.  W"!^ 

E  =  Small  black  square  in  center  represents  variations  m  duplicate  deter- 
minations of  CO.  content  by  improved  -thod  now  emplo^yed^^^^^ 


"This  graph  was  intended  only  to  show  errors  in  measurements  and  not 
absoTu  values.  If  used  to  read  pH  from  observed  ^O.  content  of  blood 
or  plasma  and  CO.  tension  and  if  one  accepts  pK'  for  -1;°'  b^^od  -  6^^ 
and  dK'  for  serum  =  6.10,  then  a  correction  for  whole  blood  of  +0.04  pU 
nufst  be  added  and  for  pla  ma  or  serum  of  -0.04  pH.  The  diagram  would 
Xerwse  appear  to  indicate  tl^at  the  pH  of  whole  blood  is  0  08  ower  than 
t  t  rpla^na  at  the  same  CO,  tension.  The  pH  of  wliole  bloocl  however. 
^  -.-r    ,.:i_i i„o„,o  of  tlip  anrriR  CO.  tension. 
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between  the  carbon  dioxide  content  of  completely  reduced  and  that 
of  completely  oxygenated  blood.  The  cross-hatched  rectangle 
(C)  represents  the  hmits  of  variation  in  duplicate  determmations 
of  the  blood  carbon  dioxide  by  the  method  presented  by  Van  Slyke 
in  1917  which  was  used  by  Peters,  Barr,  and  Rule.  These  hmits 
are  of  the  same  magnitude  as  those  usually  ascribed  to  the  Bar- 
croft  and  Haldane  methods.  The  difference  between  the  clear 
rectangle  (A)  and  the  cross-hatched  rectangle  (C)  indicates  the  sum 
of  the  errors  introduced  by  the  manipulations  which  preceded  the 
analyses.  Although  these  errors  are  only  estimated,  we  bcHeve  the 
estimates  are  approximately  correct. 

By  improvements  in  apparatus  and  procedure  for  blood  gas 
determinations  (Van  Slyke  and  Stadie,  1921),  it  is  now  possible  to 
obtain  consistently  duplicate  carbon  dioxide  readmgs  with  an 
average  variation  from  the  mean  of  ±  0.1  volmne  per  cent  or  ± 
0  05  millimol,  a  value  represented  by  the  small  solid  black  square. 
A  more  recent  improvement^  has  reduced  the  maximum  variation 
in  results  by  a  skiUed  analyst,  to  ±  0.05  miUimol  of  either  CO^ 
or  oxygen.  This  variation  is  of  about  the  same  magnitude  as  that 
entailed  in  the  volumetric  measurement  of  blood  in  a  pipette 
calibrated  to  deliver  1  cc.  of  water. 

Variations  in  chloride  estimations  may  be  reduced  to  ±  0.1 
millimol  by  the  application  of  the  method  of  Austin  and  Van 
Slyke  (1920,  1921)  to  sufficiently  large  samples  of  blood 

The  anah^ical  errors  having  thus  been  reduced,  it  remained  to 
develop  a  procedure  for  preliminary  treatment  which  could  be 
reproduced  so  accurately  that  two  specimens  of  blood  subjected 
to  it  would  not  differ  in  composition  from  each  other,  or  from  their 
common  curves,  by  more  than  the  analjiical  errors.  It  is  the 
purpose  of  this  paper  to  present  a  technique  for  the  prehminary 
treatment  of  blood  which  will  meet  these  reqmrements. 

Table  I  presents  the  steps  in  the  procedure  of  an  ordinary 
experiment,  and  the  factors  which  are  active  in  the  production  of 
error. 

«  The  principle  of  this  apparatus  was  published  last  year  in  a  preliminary 
note  (Van  Slyke,  1921,  a).  The  details  will  appear  shortly  by  Van  blyke  and 
Neill  in  this  Journal. 
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TABLE  1. 
Faclors  Involved  in  Delerminiru,Gas^;ndElecV^  EnuUibria  in  Blood. 


steps  in  procedure. 


Sources  of  error. 


The    drawing,    preparation, 

preservation  of  blood -  , 

The    saturation    of    blood    at    a      > 
desired     temperature     with     a  ^ 

•   desired  gas  mixture 

Determination  of  the  exact  com- 
position of  the  gas  mixture  at 
equilibrium •. 

The  delivery  of  blood  from  the  ton- 
ometer into  a  receiving  vessel  ...    ^ 
Separation  of  serum  or  plasma  ...  5 


Preservation  of  blood,  plasma,  or 
serum  for  analysis ^ 


and     1  Hemolysis. 


Analyses    of    blood,    plasma,    or 
serum 


Formation  of  non-volatile  (lactic?) 
acid. 

Change  of  equilibrium  conditions 
during  separation  of  gas  and 
liquid  phases. 

Change  of  gas  content  of  blood  by 
\      exposure  to  air  or  oil. 


Change  of  gas  content  by  exposure. 
Formation     of     non-volatile     acid 

(whole  blood  only). 
Formation  of  CO,  and  consumption 

of  O2  (whole  blood  only). 

Change  of  gas  content  by  exposure 
during  transfer  of  sample  from 
container      to      apparatus      for 
analysis. 
Uneven  mixture  of  cells  in  whole 
)      blood  at  moment  of    measuring 
sample. 
Limit  of  accuracy  of  methods  for 
analysis      of      gas     and      liquid 
\     phases. 


Sources  of  Error. 
1.  Hemolysis.-Bemolysis  changes  the  distribution  of  gases 
and  electrolytes  between  cells  and  plasnta.  We  avoided  hemolysis 
by  careful  hancUing,  and  by  using  for  most  of  our  ammal  experi- 
ments horse  blood,  the  cells  of  wWch  are  less  fragile  than  those  of 
dog  blood.  In  the  case  of  dog  blood,  we  generally  used  se nun  m 
place  of  plasma,  when  determinations  on  the  cell-free  fluid  were 
required. 
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2.  Formation  of  Non-Volatile  Acid  in  Blood— Christiansen, 
Douglas,  and  Haldane  (1914)  showed  that  if  defibrinated  human 
whole  blood  is  kept  at  37°  its  carbon  dioxide  capacity  falls  by  as 
much  as  2  volumes  per  cent  in  a  half  hour,  apparently  because 
of  the  formation  of  non- volatile  acid.  Peters,  Barr,  and  Rule 
(1920)  observed  a  similar  acid  formation  in  human  blood,  both 
defibrinated  and  ox;  =n+cd,  but  found  that  when  the  blood  was 
allowed  to  stand  at  room  temperature  after  being  drawn  it 
showed  no  significant  changes  during  the  1st  hour. 

The  formation  of  acid  is  confined  to  the  cells,  since  it  does  not 
occur  in  separated  plasma.  The  time  of  onset  varies  in  bloods  of 
different  species.  Dog  blood  has  been  observed  to  change  measur- 
ably in  an  hour  at  room  temperature,  while  horse  blood  has  shown 
no  measurable  change  in  several  hours.  In  a  paper  which  appears 
as  this  goes  to  press  Evans  (1922)  suggests  that  the  non-volatile 
acid  is  formed  by  glucolysis,  since  its  rate  of  formation  parallels 
that  of  glucose  disappearance.  He  finds  that  the  acid  formation 
is  accelerated  by  loss  of  CO2  (increase  in  pH)  and  is  retarded  by  the 
addition  of  0.1  per  cent  of  sodium  fluoride. 

Up  to  the  present  we  have  avoided  error  from  acid  formation 
by  worldng  with  horse  blood,  and  by  chiUing  the  blood  to  zero 
whenever  any  time  was  allowed  to  elapse  between  the  withdrawal 
of  the  blood  and  its  exposm-e  to  a  gas  mixture  or  between  this 
exposure  or  centrifugahzation  and  analysis.  We  have  also  used 
uniform  periods  for  saturation  at  38°,  so  that  if  acid  formation 
should  occur  it  would  be  relatively  constant  in  different  blood 
samples.  As  a  control  of  this  factor,  in  experiments  whichinvolved 
a  long  scries  of  exposures  of  samples  of  a  given  blood,  we  have  re- 
peal ed  the  concUtions  of  the  first  exposure  on  the  last  of  the  series. 
Even  when  the  chilled  horse  blood  was  permitted  to  stand  some 
hours  between  the  first  and  last  exposures,  no  change  was  noted 

3  Formation  of  CO2  and  Consumption  of  O2  by  Metabolism  of  11  hole 
Blood.-lt  has  been  shown  by  Harrop  (1919)  that,  by  this  process, 
oxalated  normal  human  blood  loses  0.1  to  0.4  volumes  per  cent 
of  oxj'gen  in  6  hours  at  38°.  In  horse  blood  we  have  found  no 
significant  changes  at  room  temperature  in  an  hour,  which  was  the 
maximum  time  that  blood  was  allowed  to  stand  unchiUed  between 
withdrawal  or  saturation  and  analysis. 
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4  Undform  Mixtures  of  Cells  and  Plasma.— The  necessity  of 
obtaining  a  uniform  mixture  before  samples  are  taken  for  either 
analysis  or  saturation  is  especiaUy  great  in  horse  l^lood,  because 
the  cells  settle  with  unusual  rapidity.      The  uniformity  of  mixture 


IQ    OXS'flcn  :-<s.TV^ 
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attained  by  our  procedures  was  controUed  by  oxygen  capacity 
determinations,  and  the  procedures  were  regulated  accordmgly. 
The  tubes  in  which  blood  was  kept  over  mercury  (Tube  J,  Fig.  3), 
for  example,  were  inverted  twenty  times  immediately  before  a 
sample  was  withdrawn. 
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awnqe  of  Equmrmm  Condition  During  Separation  of  Gas  and 
U,uid  P/mses.-Changes  in  ten.peratuvo  or  P--^'  ^^^^^^^^ 
may  result  when  the  tonometer  is  removed  from  the  bath,  n  ay 
so  distm-b  conditions  of  gaseous  equilibnmn  ^^f  "S^'^J^ 
tonometer  as  to  render  it  impossible  to  obtam  results  sufficiently 
accurate  for  the  purposes  of  the  problem  outlined  above. 

In  the  procedure  we  have  usually  used  ("First  saturation 
method"  outlined  below),  the  gas  and  hquid  phases,  m  a  state 
Convenient  for  analysis,  have  been  separated  while  the  tonome  e, 
Ts  still  in  the  water  bath  by  a  mechanical  device  which  avoided 
Ihanges  of  temperature  and  pressure.     In  a  second  process,  used 

or  la'ge  amounts  (over  30  cc.)  of  blood,  the  initial  composition  o 
the  gas  phase  was  fixed  with  especial  care,  and  the  amounts  of 
CO.  and  a  taken  from  or  given  to  it  by  the  blood  f--g;-;--*3 
wer;  calculated  from  accurate  analyses  of  the  ^  ^^^^ej-  ^^^ 
after  the  saturation.     Consequently  analysis   of  the  gas  phases 

"'coZljl^^^and  Preparation  of  Blood,  (a).  For  ^"ffon^^ 
Previous  Ano7ys/s.-When  blood  is  to  be  exposed  to  kno^ngas 
mixtures  prior  to  all  analyses,  rigid  precautions  to  avoid  changes 
rgas  content  before  exposure  are,  of  course,  not  reqiiir  d 
We  have,  however,  avoided  gross  losses  of  carbon  dioxide,  uch 
I  might  possibly  cause  irreversible  changes,  by  ^^^^^^^^^^^^ 
under  oil  in  cylinders  arranged  as  described  by  Van  bljke  anci 

'l^foIkSd^lood  wasdesired,potassiuni  oxala^e^tested 
neutraUty  was  placed  in  the  receiver  in  the  proportion  of  0.3  gm.  to 
m  cc.  of  blood  A  saturated  solution  of  neutral  POta-um  -alate 
was  spread  m  a  film  on  the  walls  of  the  receiver  and  dned  by  an 
r  current  The  neutrahty  of  the  oxalate  was  tested  by  the 
:LZi  of  phenol  red  to  a  cUluted  sample.  S-e  -mples  o 
oxalate  are  alkaUne.     To  such,  oxalic  acid  was  added  until  the 

'""wheu'dtfibrinated  blood  was  required  the  oxalatewa.  omitted 
and  the  blood  was  defibrinated  by  stirnng  under  oil  with  a  lod. 
The  blood  was  then  filtered  under  -^'^^^'f.fl^^.  _when 

(b).  Collection  and  Centrifugation  of  Blood  fo^J'^fyj-     ^J 
it  was  necessary  to  ascertain  the  gas  content  of  tl^^blood  as  d  a.n 
as  well  as  after  exposure  to  a  known  gas  mixtiu-e  we  either  diew 
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under  oil  by  the  above  procedure,  or  used  the  apparatus  shown  in 
Fig  3  When  small  samples  (10  to  20  cc.)  were  drawn  under  oil, 
the  precaution  was  taken  to  use  rubber  and  glass  tubes  (the  latter 
Pyrex)  of  only  2  mm.  diameter  for  the  blood  to  pass  through,  so 
that  it  would  form  a  soUd  column  without  bubbles. 

The  receiving  vessel,  J,  coated  inside  with  oxalate,  '^^  ^J-^^'^l'^j^^ 
the  mercury  bulb  M  and  the  3-way  cock  H  bearing  the  needle^  J  and  its 
connections  up  to  H  are  filled  with  mercury,  a  few  drops  of  which  are  wasted 
hrough  "  The  needle  is  then  inserted  into  the  blood  vessel,  and  a  few 
drops  of  blood  are  permitted  to  escape  fron.  F,  m  order  to  abolish  h 
air-space  remaining  in  the  connecting  tube.  By  turnmg  H  (with  M  m  the 
Wr  position  shown  in  Fig.  3)  the  needle  and  collectmg  vessel  are  directly 
cornected  and  the  blood  is  drawn  into  the  latter.  We  have  used  tubes  of 
the  type  J  of  from  10  to  200  cc.  capacity.  ..;„„,;„ 

As  soon  as  the  blood  has  been  drawn  J  is  inverted  a  number  of  times  in 
order  to  insure  mixing  of  the  blood  and  oxalate,  a  process  which  is  assisted 
by  the  mercury  that  remains.  The  leveling  bulb  M  is  kept  at  the  upper 
level,  in  order  to  keep  positive  pressure  on  the  blood  sample. 

Sampling  Blood.-The  ceUs  and  plasma  are  thoroughly  mixed 
immediately  before  sampUng  by  repeatedly  invertmg  J.  i  he 
levehng  bulb  being  in  the  upper  ring,  the  pipette  P  is  inserted  into 
the  rubber  tube  outlet  of  J,  the  pinch-cock  is  opened,  K  is  opened, 
and  blood  is  allowed  to  flow  up  into  the  pipette. 

Centrifugation  without  Loss  of  CO,.-We  have  used  centrifuge 
tubes  of  the  type  L  in  Fig.  3,  similar  to  that  described  by  Parsons 
(1919)  A  Pyrex  centrifuge  tube  is  fitted  with  a  1-hole  stopper 
with  a  flange.  Mineral  oil  is  placed  in  the  open  tube,  and  the  blood 
is  allowed  to  flow  under  the  oU  and  displace  aU  but  the  last  drops  of 
oil  from  the  tube.  The  stopper  is  then  inserted,  forcing  out  the 
remaining  oU  through  the  hole  in  the  rubber.  The  glass  plug 
is  inserted  in  the  hole,  and  the  tube  is  ready  for  centrifugation. 

After  centrifugation  the  glass  plug  is  removed,  and  a  pipette 
containing  oil  is  inserted  in  the  hole.  When  the  stopper  is 
removed  the  oil  flows  over  the  surface  of  the  plasma  and  prevents 
the  escape  of  CO^  during  transfer  of  the  plasma  to  the  samphng 
tube  J  For  the  protection  needed,  mineral  oU  is  adequate 
since  it  is  in  contact  with  the  blood  only  a  short  time  during  which 
the  blood  is  not  agitated. 

As  an  alternative  to  stoppering  the  centrifuge  tube  as  above 
described,  the  surface  of  the  blood  may  be  covered,  after  most  ot 
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the  mineral  oil  has  been  removed,  by  a  layer  of  n-Hed  pa^affo. 
(melting  point  40^5°)  which  need  not  exceed  5  mm.  in  thickness. 
After  centrifugation,  a  little  mineral  oil  is  pom-ed  over  the  paraffin. 
A  tn  fer  tube  or  pipette  may  then  be  inserted  th:-ough  or  dong 
side  the  paraffin  to  remove  the  plasma.  This  technique  is  useful 
if  tie  amount  of  blood  is  too  small  to  fill  the  centrifuge  tube 

'"tiffits  of  variations  in  treatment  on  the  loss  of  CO.  from 
solutions  containing  NaHC03  and  H.CO3  in  about  the  concentra- 
tions found  in  normal  human  plasma  are  illustrated  i"  Table  II. 

7C™iiono/Ptosma/ro,.C.«^n/«g«fedBiood.--Thecapil1aiy 
tube  zTf  g  3)  i  connected  to  J,  clamped  in  position  as  shown, 
an  /and  7  a  e  completely  filled  with  mercury.  The  stopper  is 
hen  removed  from  the  centrifuge  tube,  and  the  latter  .  heM  so 
that  the  tip  of  I  extends  below  the  protecting  layer  of  oil.  With 
/It  the  lower  level,  K  is  opened  and  the  ^^^^^^^l^;^^^lC:i 
J  The  pinch-cock  is  then  placed  m  position  on  the  outlet  tube  ot 
J,  1  is  removed,  andM  placed  in  its  upper  support.  Samples  for 
flnalvsis  are  withdrawn  as  described  above.  ^  „    ,.  . 

WpZarln  of  Mera.y  and  Apparatus  Used  for  CollecUngand 
Ccr^;XaS  Sloorf.-Commercial    "redistilled"  mercury  before 
ft  wlf  used  was  washed  by  faUing  from  a  capillary  through  a  1 
meter  CO  umn  of  10  per  cent  nitric  acid,  and  then  through  columns 
STstUed  water.     After  contact  with  blood  or  serum,  mercury 
If  w:^hed  twice  by  shaking  with  distilled  water,  and  -s  ^en 
nassed  through  the  nitric  acid  and  water  towers     Befoie  use  it 
Tas  tested  for  the  presence  of  alkah  or  acid  ^J  shakm^^/^  ^^ 
in  a  test-tube  with  water  containmg  brom-creso  pu  pie  ^^^j'^^' 
red     Glassware  and  rubber  for  use  in  contact  with  blood  were 
deaned,  thorougMy  rinsed  with  distilled  water    an^  dried  by 
drainaee  and  evaporation  at  room  temperatme.     When  rapia 
S  of  tonometers  was  necessary,  they  were  rinsed  with  alcohol 
aSl  ether  of  tested  neutrahty  and  dried  in  an  aar  current. 

Saturation. 

■       We  have  used  two  processes  ,o  bring  blood  i"«o  «<>;;»3^~* 

fj::-r.:^r:rrordr£s:rr.oL». 
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Pters    which  were  then  revolved  in  a  water  bath   at   38°  until 

quiUbrium  was  attained.     In  one  process,  however,  the  calculation 

0?  final  gas  tensions  was  based  on  direct  gas  analyses,  the  gas  and 

TABLE  II. 
Loss  of  CO.  from  BHCO.,  mCO>  Solutions  during  Standing  and  Cenlrif- 

ugating. 

SSefunde^'ntocentrifu^^ 


No. 


An  unstoppered  2  cm.  (diameter)  tube  contam- 
ing  10  cc.  solution  imder  a  1  cm.  layer  mmeral 
oil  was  allowed  to  stand  for  1|  hrs 

An  unstoppered  2  cm.  tube  containing  10  cc. 
solution  imder  a4.5  cm.  layer  mmeral  oil  was 
allowed  to  stand  for  II  hrs 


Initial.    Final.   Change. 


An  unstoppered  2.5  cm.  tube  contammg  25  cc. 
solution  under  a  1 .5  cm.  layer  mmeral  oil  was 
centrifugated  for  1  hr.  and  then  allowed  to 
stand  for  J  hr 


A  stoppered  2.5  cm.  tube  completely  filled  with 
25  cc.  solution,  under  27  cc.  mmeral  oil  was 
centrifugated  for  1  hr.  and  then  allowed  to 
stand  for  i  hr 


An  open  "  5  em.  tube  containing  25  cc.  solution 
under  a  1  cm.  layer  of  solid  paraffin  was  cen- 
trifugated for  1  hr.  and  then  allowed  to  stand 
for  i  hr 


pH 


7.35 


7.35 


7.36 


.36 


7.35 


A  stoppered  2 . 5  cm.  tube  completely  filled  with 
50  cc.  solution  and  containing  no  oil  was  cen- 
trifugated for  1  hr.  and  then  allowed  to  stand 
f or  i  hr 


pH 


7.35 


7.37 


7.44 


7.52 


7.37 


7.36 


vH 


0.0 


+0.02 


+0.08 


+0.16 


+0.02 


7.36 


0.0 


blood  being  separated  at  the  end  of  saturation  and  ana  yzed 
spo^ate  y.  In  the  other  process,  which  was  usually  employed 
XTvo  Les  of  blood  exceeding  30  cc.  were  used,  direct  analyses 


134         Blood  Saturation  with  Gas  Mixtures 

of  the  gas  phase  were  not  made.  The  gas  mixture  was  made  up 
with  especial  accuracy,  and  the  changes  in  its  0,  and  CO2  content 
during  saturation  of  the  blood  were  estimated  from  the  amounts  of 
these  gases  given  off  or  taken  up  by  the  blood,  which  was  analyzed 
both  before  and  after  its  exposure  to  the  gas  mixture.  With  this 
procedure,  separation  of  the  gas  phase  in  condition  for  analysis 
after  saturation  was  unnecessary. 

The  oxygen  (commercial)  used  was  tested  for  purity  by  absorp- 
tion ^^-ith  pyrogallol.     The  CO,  from   a  Kipp  apparatus,  was 
tested  by  absorption  with  KOH  solution.     The  hydrogen,  some- 
times commercial,  sometimes  from  a  Epp  apparatus,  was  analyzed 
for  oxygen  by  absorption  with  pyrogallol  in  a  Haldane  apparatus. 
Nitrogen  (commercial)  was  analyzed  for  contaminating  oxygen  m 
the  same  manner.     When  air  was  introduced  it  was  freed  of  LO2 
by  passage  through  a  tower  filled  with  moist  socUum  hydroxide 
"shells"      This  treatment  reduced  the  CO,  content  of  laboratory 
air  to  0.01  per  cent  or  less.    In  detail  the  two  procedures  for  satura- 
tion of  the  blood  were  carried  out  as  follows.  , ,     ,      ,     . 
First  Saturation  Method.    Final  Tensions  Determined  by  Analysts 
of  Gas  Phase.-^The  tonometer  used  (No.  1,  Fig.  3)  was  a  modifica- 
tion of  a  form  introduced  by  Fridericia  (1920),  and  consisted  of 
a  relatively  small  vessel  (5  to  30  cc);  just  sufficient  to  hold  the 
blood,  connected  by  a  rubber  tube  of  6  mm.  inner  diameter  to  a 
larger  vessel  (of  about  300  cc).     A  length  of  about  3  cm.  of  rubber 
tubing  was  left  between  the  glass  parts.     In  order  to  fill  the  tonom- 
eter with  the  desired  gas  mixture,  the  tonometer  was  connected 
with  the  gas  manifold  at  T  (Fig.  3),  and  the  air  ^-as  drawn  out 
through  E     When  the  saturation  was  to  be  performed  at  an 
ox-A'gen  tension  lower  than  that  of  air,  nitrogen  or  hydrogen  was 
th^n  twice  achnitted,  withdrawn  as  completely  as  possible,  and 
reacbnitted.     It  was  finaUy  again  drawn  out,  this  tmie  only  until 
the  pressure  was  reduced  to  about  half  an  atmosphere.     From  the 
gas  burettes  thi-ough  A  and  C  sufficient  CO.  and  0.  ^^ re  then 
admitted  to  give  the  desired  tensions  of  these  gases  (see  Equations 
3  and  5  below).     Finally,  nitrogen  or  hydrogen  was  admitted  until 
atmospheric  pressure  was  attained. 

The  tonometer  was  then  rotated  horizontally  m  the  bath  the 
blood  being  so  chstributed  between  the  two  chambers  that  the 
ratio  of  blood  to  gas  volume  was  about  the  same  in  both.     (A 
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rotating  rack  in  the  water  bath  held  four  tonometers  at  once.) 
The  cock  of  the  tonometer  was  opened  near  the  surface  of  the- 
water  sevcnval  times  at  intervals  of  a  few  minutes,  until  no  more 
gas  bubbles  escaped.  At  each  opening  the  tonometer  was  held  so 
nearly  upright  that  all  the  blood  drained  into  the  lower  chamber; 
it  was  redistributed  before  the  tonometer  was  clamped  back  into 

place. 

The  time  required  to  attain  equilibrium  between  a  gas  nuxture 
and  blood  is  dependent  on  the  time  necessary  for  the  tonometer 
contents  to  reach  bath  temperature,  on  the  relation  of  gas  volume 
to  hquid  surface,  on  the  invasion  coefficient  of  the  gas  (Bohr,  1905, 
b)  and,  also,  when  the  gases  combine  with  substances  in  the  blood, 
on  the  rate  of  combination.  Under  the  conditions  above  outUned, 
about  15  minutes  sufficed  for  the  production  of  equiUbnum  when 
only  CO2  changes  were  involved,  wliile  30  to  40  nunutes  were 
required  when  the  oxj^gen  tension  of  the  blood  was  greatly  reduced 

by  the  process. 

Because  the  A  of  Equation  3  can  be  estimated  only  approxi- 
mately, the  gas  tensions  obtained  at  the  end  of  a  single  saturation 
can    be    only    approximately   predetermined.     Since   the   exact 
final  tensions  are  accurately .  found  by  gas  analyses,  however, 
approximate   predetermination  of  them  is  usuaUy   all  that  is 
needed  (when,  for  example,  data  are  being  obtained  for  a  curve). 
When,  however,  it  was  desired  to  bring  the  blood  gases  to  an 
exactly  'predetermined  final  tension,  exposure  in  the  tonometer 
was  repeated  once;  and,  when  large  tension  changes  were  involved, 
twice      After  the  first  exposure  the  tonometer-  was  held  upright 
in  the  bath  until  aU  the  blood  was  in  the  lower  chamber,  which 
was  then  clamped  off  from  the  upper.     The  gas  mixture  in  the 
latter  was  then  drawn  out  and  replaced  as  described  above,  with 
a  mixture  of  the  exact  tension  desii-ed. 

Waien  the  final  saturation  was  complete,  the  tonometer  was 
held  upright  in  the  bath  until  the  blood  had  drained  as  completely 
as  possible  into  the  lower  chamber.  The  latter  was  next  separated 
from  the  upper  chamber  by  screwing  two  clamps  upon  the  rubber- 
connecting  tube.  One  clamp  was  attached  near  each  glass  part, 
that  nearest  the  lower  chamber  being  screwed  down  first,  to  avoid 
the  compression  of  gases  over  the  blood  that  would  result  if  the 
upper  clamp  were  fastened  first.     Tlie  tonometer  was  then  raised 
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so  th.t  onlv  the  lower  chamber  remained  in  the  bath,  and  the 

ulit  tu      was  cut  with  scissors  just  below  the  upper  clamp, 

etXlut  2  cm.  of  the  tube  projecting  f «- th^^-^ercuxy 

Into  the  upper,  gas-containing  chamber,  about  50  cc.  of  mercu^ 

.ere  run  under  ^^^^^^-}^^^J:::-:ZrLi^  ZZ 
r £  Co  r Sajr  :P^=  -  analpi.  ^d  prevented 
the  possibility  of  entrance  of  atmospheric  au:  by  leakage 

X     tke  separated  lower  chamber  still  remaxned  m    he  ba^h 

'1:;^™  Jen'  .rL  baU„  C.peO  o.,  a  ,.in,s.a„d,  a„a 

''Zofsr;:'t  -;" t;.e  ar..„  »...,  as  ,.™  .he 
lilooa  samples  lu  .  101  rr  "Pio-  '^1      In  order  to  make 

.er,  i.  »s  ..u*  nece.s».  to  -°^«  _f;  "„P.:  t«ed  .1 

A      7  „/  *!,.,  Wnnd  —In  the  second  method,   usea  lui    i.^  b 

rr  :   ;  :<^^t  L  a,*  a  tono.e.er,   -.«  U^   a 

Barcroft  g«>  sa„.plin.  tube.  »*  a  '■■*  *»^;;  ^, ^e    S 
of  about  800  cc.  capacity  »as  employed.     U.c  yol 

rXtst*tSwad,.tt.„.,,,ea.„.edvoU^^^^^ 

ro     calculated  bv  Equations  3   and  5   belo^^.      me  u 

i^Uj,  caicuutueu   wj-       1  „K^„+  vcL  p,.     was  drawn  m 

volume  of  analyzed  blood,  usually  ^^^^^^^  7^  ^c,  J 

through  the  lower  cock  after  the  ^f  "^^'d  by  -Imis- 
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during  saturation,  they  were  Ukely  to  be  forced  out  by  the  pressure 
which  developed  as  the  gases  within  warmed  up  m  the  bath. 
The  tonometers  were  in  all  cases  made  of  Pyrcx  glass. 

When  it  was  necessary  to  know  exactly  the  final  tension  at 
equihbrium,  but  not  necessary  that  this  tension  be  precisely  at 
a  predetermined  point,  one  saturation  was  sufficient.  The  mitial 
gas  mixture  was  prepared  according  to  Equations  3  and  5  below,  to 
give  approximately  a  desired  final  tension,  and  the  exact  final 
tension  was  calculated  after  analysis  of  the  saturated  blood  by 

Equation  4.  ,     -x  j     •    ui 

When  however,  the  plan  of  the  experiment  made  it  desu-able 
to  fix  the  final  tension  of  CO2  or  O2,  or  both,  at  exact,  predetermined 
points  either  two  or  three  successive  saturations  were  performed 
on  the  same  blood  in  different  tonometers.  The  tension  for  the 
first  saturation  was  calculated  according  to  Equation  3,  while 
for  the  second  and  third,  the  gases  were  measured  into  the  tonom- 
eters in  such  proportions  as  to  produce  the  exact  tension  desired. 
The  total  number  of  saturations  was  two,  if  the  tension  change 
in  the  blood  was  slight,  such  as  the  change  from  45  to  40  mm.  of 
COo  tension;  while  tliree  equiUbrations  were  used  if  the  change  was 
larger,  as  when  blood  at  40  mm.  was  changed  to  20  or  60.  Analy- 
ses of  the  blood  were  performed  after  each  of  the  last  two  satura- 
tions. Usually  both  results  were  identical.  If  there  was  a 
difference,  the  sHght  effect  on  the  final  tension  was  calculated  by 

Equation  4.  ■      o        j 

Transfer  of  Blood  from  Toncmieter  to  Tonometer  in  becond 
Saturation  Method.— The  receiving  tonometer  was  evacuated, 
and  the  desired  amounts  of  CO2  and  O2  were  run  in,  together  with 
enough  inert  gas  (H.  or  N2)  to  make  about  half  an  atmosphere  of 
pressure.  The  two  tonometers  were  connected  below  by  a  capil- 
lary U-tube,  the  deUvering  tonometer  having  been  wrapped  in 
a  towel  wet  with  water  at  38°  as  soon  as  it  was  removed  from  the 
bath.  The  upper  cock  of  the  delivering  tonometer  was  opened  and 
the  connecting  tube  was  filled  with  blood  by  manipulation  of  the 
lower  cocks.  Then  all  but  a  few  drops  of  the  blood  was  drawn 
over  into  the  receiving  tonometer.  Sufficient  inert  gas  was 
finallv  admitted  to  raise  the  pressure  to  B-80  mm. 

Transfer  of  Blood  from  Tonometer  to  Final  Container  in  Second 
Saturation  Method.— One  3-way  cock  of  the  tonometer  was  lifted 
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from  the  bath  and  connected  with  the  mercury-filled  receiving 
tub^  J  Fig.  3),  and  the  connections  were  filled  with  mercury. 
The  tonmneter  L  then  inverted  and  placed  upright  in  the  bath 
tith  the  mercury-filled  receiving  vessel  below  and  the  upper  end 
projecting  from  the  bath.  The  upper  cock  was  opened  to  the 
a  r  and  the  blood  was  drawn  down  into  the  receiving  tube.  In 
Tme  ns  ances  the  exchange  was  quicldy  performed  outsic^  the 
baTh,  the  tonometer  having  been  wrapped  with  a  towel  before 
removal  from  the  water. 

Calculations. 
The  formulas  used  in  the  calculations  were  developed  as  follows : 

Let  p,  =  final  tension  in  mm.  of  mercury,  of  a  specified  gas  (CO.  or  O.)  in 
tonometer  at  end  of  saturation.  ,     ,      ■      ■ 

inSlTension  of  the  specified  gas  in  tonometer  at  the  begmnmg 

increlslTn  tlTal  (free  and  combined)  millimolecular  concentra- 

"  t    Hf  the  specified  gas  m  the  blood  caused  by  ehan..ng  the 

blood  from  its  original  state  to  that  at  the  end  of  -^--^tu,- 

(A  is  negative  if  the  concentration  of  the  gas  m  the  blood 

decreases  during  the  saturation.) 

r     -  absolute  temperature  of  tonometer  durmg  saturation. 

!::  :  absolute  temperature  of  burette  from  which  gas  is  measured  into 


Pi 
A 


1  burette 

tonometer. 


Vburtlte 


T-     =  cc    total  volume  content  of  tonometer. 
,:  =  ::;  volmne  of  the   specified   gas  measured   oyer  water   mth 
burette    at  barometric  pressure  and  li^r.t.e,  vnicn 
Z2ull  to  the  tonometer  to  give  therein  p<  tension  of  the 

v.,  =  cc^tolume'of  blood  in  tonometer  during  saturation 
y  J:,  =  cc".  Volume  of  gas  space  in  tonometer  durmg  saturation. 
B  =  barometric  pressure  in  mm.  of  mercury. 
W  =  vapor  tension  of  water  in  mm.  of  mercury. 

If  we  Place  the  volume  of  CO,  or  0.  absorbed  by  the  blood, 

the  initial  tension  necessary  to  secure  a  given 
the  final  tension  resulting  from  a  given  initial  one. 

The  number  of  cc.  of  CO.  or  0.,  reduced  *"  »    J60  mm 
absorbed  by  the  blood  during  saturation  is  equal  to  the  p  oduct 
oUhe  total  cc.  of  blood  times  the  volume  of  gas  absorbed  by  each 


Austin,  CuUen,  Hastings,  et  al.  139 

cc  This  product  is  F,,  X  0.0224A.  (The  factor  0.0224  is  the 
number  of  cc.  of  gas,  reduced  to  0°,  760  mru.,  contamed  m  1  c 
of  a  miUimolecular  solution  of  the  gas.  Consequently  0.0224A  is 
the  volume  of  gas,  reduced  to  0°,  760  mm.,  absorbed  by  each  cc.  of 
blood  The  equations  may  be  transformed  into  terms  of  volumes 
per  cent  of  gas  by  substituting  0.01  for  0.0224.) 

The  total  initial  volume  of  the  specified  gas,  reduced  to  0  ,760 

mm.,  in  the  gas  space  of  the  tonometer  is  (F,„  -  T'w)  ^^  -^. 

and  the  final  volume  of  the  gas,  at  0°,  760  mm.,  is  (F,„  -  Vu) 

PL  ?!?.     The  volume  of  gas,  at  0°,  760  mm.,  lost  from  the  gas 

phase^to  the  blood  during  saturation  is  the  difference  between  the 

nr         V  \  P'  ~  ^^  —      Placing  the  above  two  expres- 

tWO,   or    {Vtn~    *  bl)        ygQ  rp  ■ 

sions  equal  to  each  other  we  have 

Pi  -  Pf  273 
0.0224  A  Fm  =  (F,„  -  Fm)  -^^^    y 

Volume    of      Volume  of  O2  or  CO, 
O2   or   CO2  lost  by  gas  phase, 

gained     by 
blood. 

In  order  to  find  the  CO,  tension,  p.  in  the  tonometer  with  which 
we  must  begin  saturation  to  reach  the  desired  final  tension  p,  we 
solve  Equation  1  for  p;  and  obtain  Equation  2. 

/  '^tn  Vbl        \  (2) 

P.=  P/+(^60X0.0224A-^r;^^^J  (2) 

When  the  numerical  constants  are  combined  this  becomes 

P.=  P;  +  0M2iy--y-^ 

=  .  +  19.4  A  _!V  ^5^^°  ^'"  =^''°  =  ^^°^-  ^^^ 

Similarly  if  we  fix  the  initial  tension,  p.-,  and  measure  the  change  A 
in  gas  content  of  the  blood,  we  can  estimate  the  exact  final  ten- 
sion  of  the  specific  gas  at  the  end  of  equilibration  as 
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» 

P,  =  ..- 0.0624  ^-,-i^^ 

=  „  _  19.4  A  _IV  -'^^-^  ^'^  =  '''°  =  ''°'^-  ^*^ 

'  '  (n  -  ^  bl 

For  calculation  of  the  volume  n„„„e  of  gas  which  must  be 
measured  in  the  burette  (Fig.  3)  at  atmospheric  pressure  and 
toXred  to  the  tonometer  to  give  therein  the  imtxal  tension 
;  we  hive  used  Equation  5,  which  is  developed  by  placing  equa 
^'eal  other  the  expressions  indicating  the  volume  of  ^^  measured 
in  the  burette  and  in  the  tonometer,  respectively,  both  being 
reduced  to  0",  760  mm.     We  then  have 

^  B-W  ^    273     =  (7,    _  y,,)  li-  ^,  whence 

,  Pi  '^burette 

VbureUe^^^.n-^b^BW^,       T,„     '" 

Vi  (^\n  ~  "^bl)      "^burette  (5) 

Solving  Equation  5  for  p,  we  obtain  in  Equation  6  the  tension 
at  bath  temperature  given  by  the  gas  volume,  F,...,  measured  into 

the  tonometer. 

T,„       iWlWte  (6) 

We  have  found  it  convenient  to  use  Equation  5  in  the  second  of  the 
t  Jf onns  given  above,  for  the  reason  that  it  places  m  one  group 
t^oiormsg  _  ^^^   ^^^  independent  of 

the  factors  p.,   i,«-  ana  O  i-.         '  bv  pqipninted  in 

temporary  room  conditions  and  can  l^refore  ^e  cdc^ate^  n^ 
advance  while  the  factors  T,„.,,e  and  {B  -  Wturcue),  whicn  must 
be  determined  at  the  moment  of  measurement,  are  placed  together 

pjf  Saturation  — Tliis  estimate  was  made  by  means  of  the  average 
ro?p;rreofthe.indofbloodused.  T^ie -.me^in  w^eh 
the  estimate  was  made  is  shown  by  an  example.  In  the  venous 
blood  drawn  from  the  horse  used  in  most  of  our  -P--^*^^^^ 
CO.  tension  was  constantly  in  the  neighborhood  of  45  n^r.     The 
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average  absorption  curve  of  the  animal's  blood  Jowed  that 
chanjng  the  CO,  tension  produced  approxunately  the  foUo^ving 
changes  in  CO2  content: 


-6.6 

-1.1 

0.0 

+1.9 

+3.6 

While  the  Ca  content  of  the  blood  as  drawn  varied  at  times 
coS^erally  frmn  21.6  mM.,  the  values  of  A  caused  by  given 
nhinees  in  tension  remained  fan-ly  constant. 

Zt  Deterrmnntion  of  Afar  Calculation  of  Final  Gas  Ten.on.-- 
TWs  determination  was  made  by  comparison  of  the  analyses  of  the 
blood  after  each  of  the  last  two  saturations. 

Example: 


Limits  of  Error  in  Deta-mination  of  Final  CO,  and  O2  Tensions. 
1  s;  ti-  of  Gas  Phase  at  End  of  Saturation  (First  mthodl-- 
The  analytical  error  of  CO.  and  0.  determinations  by  theHaldane 
apparatuVis  ordinarily  about  ±  0.02  volumes  per  cent.  The 
tension  corresponding  to  this  at  760  nmi.  and  38°  is  — 
.760  -  49)  =  0.14  mm.  of  mercury.  It  appears  probable  that 
he  error  of  estimating  gas  tensions  produced  by  the  "First  satu- 
ration method"  may  be  kept  below  0.2  mm  -ce  e.^o^  re 
oractically  excluded  in  separating  the  gas  phase  foi  analysis 
Ts  a  matter  of  fact,  results  shortly  to  be  pubHshed  mchcate  that 
this  degree  of  accuracy  can  be  obtained  qmte  consistently. 

2  ByAnnlysis  of  Blood  Before  and  After  Satr^ation  u.th  Rnoum 
Gas  Mixtures  (Second  Method).-The  final  tension  is  determmed 
by  Equation  4,  which  for  38°  is 
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■XT 

j,^=  p. +  19.4  A 


Vu.  -  ^U 


In  determining  the  possible  error  in  calculating  v„  we  estimate 
ancl  add  the  maLum  errors  in  the  experimental  dctermmatxons 

of  Vi  and  of  the  value  19.4  A  y^^,  respectively,  the  latter 
value  representing  the  correction^hich  must  be  applied  to  p  as 
IhTresult  of  the  loss  or  gain  of  significant  gas  by  the  blood  dunng 

"7'ts'Tetermined  by  the  amount  of   gas  measured  into  the 

y  burette  v, 

tonometer.    From    Equation    5   we    have   p.-    =     y^^  _  y^^ 

.  -^  burette 

(B  —    n  burette)    ^        m 

At  the  usual  conditions,  viz.  T^ureite  =  20°  +  273,  Tu  =  38 
+  273,  B  =  760,  B  -  W  =  743,  F.  =  800,  V,  =  75,  we  have  p  = 
V  V   1  17      1  cc   of  gas,  measured  in  the  burette  (Ing.  6), 

the"Soi$  corresponds  to  a  tension  of  about  12  mm.  of  mercury 

n  the  tonometer.     The  gas  can  be  measured  w.th  an  error  not 
exceeding  0.10  cc,  so  that  p.  can  be  fixed  witlnn  about  0.10  X 

L2  =  0.12  mm.  by  measurement.     The  errors  in  the  other  factors. 

viz.  (F.  -  V,),  (B  -  IF),  and  ^  are  relatively  so  small  as  to 

'X'ltlr   xn    determining    the    value    of    the    term    19.4    A 

^»     -  n-iay  be  estimated  as  foUows:     In  our  experiments  the 

Hood  o^ciupied  about  one-tenth  as  much  space  as  the  gases  in 

the  tonometer,  --^  =  0.1.     Substituting  0.1  for  the  factor 

Vtn    —     *bl 

^'" in  Equation  4,  for  38°,  we  have  p;  =  V,  -  ^-^  ^-    That 

.^ra'ch^nge  of  1  mM.  in  the  value  of  A  for  CO.  or  0.  causey  a 
change  of  about  1.9  mm.  in  the  tension  of  the  gas  at  38  The 
analvtical  error  of  our  blood  gas  determinations  is  about  ±0.05 
mM  IndArepresentsthe  difference  between  two  determinations, 
so  that  its  possible  error  would  be  twice  as  great,  or  ±  0.1  mM. 
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The  latter  would  cause  an  error  of  1.9  X  0.1,  or  about  0.19  nim. 

Vbi 
in  the  calculation  of  the  value,  1.94  A  ^^^  _  y^^- 

The  total  error  in  the  determination  of  the  final  tension  in  the 
manner  indicated  by  the  equation  pj  =  Vi  +  19-4  ^  y^^  _  y^^^ 

therefore  estimate  as  approximately  0.J2  +  0  19  =  0-3  n^-  o^ 
0,  or  CO.  tension.  This  is  of  the  same  order  of  magnitude  as  the 
error  involved  in  estimating  the  final  tension  by  analysis  of  the 
tonometer  gas,  discussed  above.  ^^^pithprof 

The  error  in  the  calculation  from  A  may  be  reduced  ineithei  ot 
two  ways.     (1)  Since  the  error  is  chiefly  due  to  the  factors  involved 

in  the  term  A  jr^'  '^  "^^^  ^'  '''^'''''^  ^^^  ''^^''''^  ^"'  *^' 

ybi 
volume   of    blood   used,    and   therefore    the    factor    ^^^  _  y^- 

TABLE  III. . 

COs  tension  calculated  from 
analysis  of  tonometer  gas. 


Sample. 


1 
2 


CO'  tension  crilculated  from 

volume  of  COi  measured 

into  tonometer. 


mm.  Hg 

24.42 

25.23 


mm.  Hg 

24.35 
25.01 


(2)  When  the  final  tension  has  been  estimated  by  Equation  4,  the 
blood  may  be  saturated  once  more,  at  exactly  this  tension.  The 
error  is  therebv  practically  reduced  to  that  involved  m  fixing 
p„  which  is  only  0.1  mm.  of  tension.  This  procedure  has  been 
followed  when  maximum  accuracy  has  been  required  m  the 
saturation  of  large  volumes  (50  -  100  cc.)  of  blood 

The  following  experiment  indicates  that  with  the  apparatus 
used  the  two  methods  for  fixing  initial  tensions  agree  withm  their 
hmits  of  error: 

Into  two  tonometers,  in  which  the  pressure  had  been  reduced  to  about 
60  mm.,  measured  an.ounts  of  CO.  were  introduced  from  bu^t  e  A  OTig^ 3X 
Air  was  admitted  until  the  pressure  in  the  tonometers  was  brought  to 
atmospheric.  Samples  of  the  gas  mixture  were  then  dispaced  fn.  the 
tonometers  into  a  Haldane  air  analysis  apparatus  '^^'^ ^^if^^^^^^^y^^. 
CO:  tensions  calculated  from  the  volume  of  CO.  mtroduced  (Equation  5) 
and  Ihe  tensions  calculated  from  the  results  of  the  gas  analyses,  respec- 
tively,  are  shown  in  Table  III. 
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That  the  final  tension  can  be  set  with  a  similar  degree  of  accuracy 
is  indicated  by  the  constancy  of  the  final  CO,  contents  obtained 
in  the  accompanying  second  paper  of  the  series  In  the  horse 
blood  used  a  deviation  of  0.7  volume  per  cent  or  0.3  mM.  in  LU, 
content  corresponds  to  a  deviation  of  1  mm.  in  CO2  tension. 

Formulas  for  CalcyMinr,  pH,  [H^l  Vco.   [BHCO,],  and  [mCO,] 
from.  Data  Usually  Obtained  by  Direct  Determtnation. 

We  have  used  certain  rearrangements  of  Henderson's  and 
Hasselbalch's  equations  so  frequently  that  it  appears  desirable, 

TABLE  v. 
Values  of  Constants  for  Formulas  of  Table  IV. 


Water 

Serum  or  plasma 

Blood 

12  per  cent§  hemoglobin 
+  30  mM.  NaHCOa.  . . 


0.555* 
0  541* 
0.511* 

0.531t 


0.0587a 


0.0326 
0.0318 
0  0300 

0  0312 


0.1316a 


0.0730 
0.0712 
0.0672 

0.0699 


K' 


7.2  X  10-« 
6.5  X  10-« 

6.5  X  10-» 


pK' 


t 
6.14t 
6.18t 

6.18t 


t  Variable  Tvith  NaHCO,  concentration.     See  Hasselbalch,  1917^ 
Data  to  be  published.     (K'  and  pK'  determined  on  horse  blood.) 

§  Containing  hemoglobin  sufficient  to  bind  16^^volumes  per  cent  of 
oxygen.  Millimolar  hemoglobin  concentration  =  ^  =  715  mM.,  assum- 
ing that  1  molecule  of  oxygen  combines  with  1  molecule  of  hemoglobin. 

in  order  to  avoid  subsequent  repetition,  to  record  them  here  in 
connection  with  the  description  of  technique.  ,      ,       ,        , 

The  constants  are  given  in  terms  of  millimolecular  (mM.) 
concentration,  rather  than  in  volumes  per  cent  of  gas,  for  the 
reason  that  comparison  of  concentration  changes  not  only  m 
oxygen  and  carbon  dioxide,  but  also  in  electrolytes,  such  as 
chlorides  and  alkaU  protein  compounds,  has  been  necessary  m 
the  studies  outUned,  and  a  single  unit  of  concentration  that  can 
be  used  throughout  is  desirable. 
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The  following  symbols  are  used : 

[CO.l,  IBHCO,],  [TI2CO3I  =  millimolccular  concentration  of  total  CO,, 
BHCO3,  and  H2CO3,  respectively. 

a  =  solubility  coefficient  of  CO2  at  38  . 

p  =  tension  of  CO2  in  miUimeters^f ^mercury. 

K'  =  constant  by  .-hich  the  ratio  ^^^  must  be  n.ultiplied  to  give 
lH-1.    Theoretically    K'  =  |  where    K    is    the    dissociation 
constant  of  H.COs,  7  the  fraction  of  BHCO,  dissociated  into 
B+  and  HCO'a  (Hasselbalch,  1917). 
_K' =_  log;  K'  (Hasselbalch,  1917). 

?:r  the  constants  «.  K',  and  pK',  the  values  in  Table  V  have  been  used 
In  Formula  2  the  IBHCO,]  is  calculated  by  subtractmg  from  the  total 
^Co/Z^n%ol  which  is  calculated  from  the  CO,  tension  accordmg  to 
Formula  1.  ^    [H.C0.1  ^q  , 

Formula  3  is  Henderson's  familiar  [H+J  -  K'  -^bhCO,]  '^'   '  '    " 

and  [BHCO3I  calculated  accordmg  to  Formulas  \^fj- 

Formula  4  is  obtained  by  obvious  rearrangement  of  Formula  6. 
Formula  5  is  obtained  by  solving  Formula  3  or  4  for  p.  ,     - 

Formula  6  is  obtained  by  substituting  the  value  of  p  from  Formula  o 

for  p  in  Formula  '2. 
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STUDIES   OF   GAS   AND   ELECTROLYTE    EQUILIBRIA  IN 

BLOOD. 

n    THE  REVERSIBILITY   OF  THE  EFFECTS   OF  CHANGES  IN  CO, 

AND  O2  TENSIONS  ON  THE  CO,  CONTENT  OF 

DEFIBRINATED  HORSE  BLOOD. 

By  JOHN  P.  PETERS,  GLENN  E.  CULLEN,  and  J.  HAROLD  AUSTIN. 

(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  July  12,  1922.) 

Haggard  and  Henderson^  have  stated  that  when  the  CO2 
tension  of  dog  blood,  either  defibrinated  or  oxalated,  has  been 
reduced  to  less  than  about  20  nmi.  the  blood  undergoes  an  u-re- 
versible  or  at  least  not  readily  reversible,  change  characterized 
by  a  chminution  of  its  CO2  capacity.  When  this  blood  was  again 
brought  into  equilibrium  with  a  gas  caixture  with  a  higher  CO2 
tension  it  took  up  less  CO2  than  before  its  exposui-e  to  the  low 
CO2  tension.  They  found  this  irreversible  change  more  con- 
sistently in  defibrinated  than  in  oxalated  blood. 

ReversibiUtij  of  the  Effect  of  Low  CO,  Tension.-In  order  to 
determine  whether  such  an  irreversible  change  occurred  m  de- 
fibrinated horse  blood  the  following  experiments  were  earned 
out.  Fresh  horse  blood  was  defibrinated  by  stirring  under  oil 
and  was  then  strained  through  gauze  under  oil.  The  blood 
was  divided  into  two  portions.  One  of  these  was  first  exposed 
to  a  low  tension  of  CO2  and  then  saturated 'at  60  mm.  CO.  ten- 
sion. The  other  was  at  once  saturated  at  60  mm.  CO2  tension. 
The  CO2  contents  of  the  two  were  then  compared.  The  "second 
saturation  method"  described  in  the  first  paper  of  these  studies 
was  used.-  The  blood  gases  were  determined  by  the  blood  gas 
apparatus  described  by  Van  Slyke  and  Stadie,'  as  the  constant 
volimie  apparatus  was  not  yet  in  use. 

•  Haggard   H  W.,  and  Henderson,  Y.,  J.  Biol.  Chem.,  1920-21,  xlv,  209. 
^  Austin,  J.  H.,  CuUen,  G.  E.,  Hastings,  A.  B.,  McLean,  F.  C.,  Peters, 
J.  P.,  and  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1922,  liv,  121. 

5  Van  Slyke,  D.  D.,  and  Stadie,  W.  C,  J.  Biol.  Chem.,  1921,  xlix,  1. 
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The  first  portion  ^vas  exposed  at  38°  in  a  tonometer  which  had 
been  filled  ^^th  air  free  from  CO.     The  final  CO.  tension  m  this 
tonom    er    due  to  CO.  evolved  from  the  blood,  was  calculated 
o  be  15  ±2  mm.     This  tension  was  further  confirmed  by  the 
ocation  of  the  CO.  content  of  the  blood  from  this  tonometer  on 
rCoVlbsorptio-n  curve  of  the  blood     The  blood  was  then 
nassed  through  a  series  of  three  tonometers  at  38       Into  the 
&  t  w-as  int.^dueed  enough  CO.  to  produce  a  CO.  tension  of 
60  mm   at  38°  after  allowance  had  been  made  for  the^CO.  which 
woZbe  taken  up  bythe  blood.     Into  the  two  succeeding  tonom- 
Ters  was  introduced  the  exact  amount  of  CO.  -^-^ J  *°  ^- 
a  tension  of  60  mm.,  assuming  no  further  removal  of  CO.  by  the 
blood      The  blood  ;as  analyzed  for  CO.  after  exposure  in  each 
nf  tbp  last  two  tonometers.  .      . 

"^The tcond  portion  of  blood  was  also  P^-d  through  a  senc. 
of  four  tonometers  at  38°  for  the  same  periods  of  time^    Into  ea  h 

of  these  tonometers  was  introduced  the  amount  of  CO.  requi'-ed 
ot  tnese  wm  u  ^^^^  ^^  ^^^  ^^^.^^ 

to  give  a  tension  of  60  mm.  at  ds  .     K>-^^  ^y^  f  „,+;,„ „tpH 

tonLeter  was  corrected  for  the  CO.  which  it  was  estimated 
the  bTood  would  absorb.)     The  blood  from  the  last  two  tonometers 

"  ThHbot  e'peSmtnt  was  duphcated  on  a  different  sample 
of  blood  frl  the  same  horse.     The  results  of  the  two  expen- 

withdrawn  under  albolene  from  the  jugular  ^'^  g^J^'l^'^^' 
fibrinated  by  gentle  stirring  with  a  glass  ^-^^l' ^!\^^  ,^  "/^^w^'X 
gauze,  under  a  layer  of  albolene.     It  was  divided  into  two  poi 
fkms  (Nos    1  and  2)  of  50  cc.  each.     One  of  these  (No.  2)  was 
tions  U^os.  i  -;  ^^^  ■    commercial 

and  exposed  to  a  mixture  of  40  mm.  of  CO.  and  13  mm.  ot  oxj 
::„'  In^commercial  nitrogen.     A  -P^ as^h^^^^^^^^^        and 
analyzed  for  CO.  and  oxygen  (No.  2  b).     ^^^^''^  2d 

transferred  successively  to  three  more  t^-^^^^^^^^/cO.  in 
and  2  e)  in  each  of  which  it  was  exposed  to  40  nmi^ot  v.u. 
:ir.     (In  making  up  the  gas  niixtures  '^^ ^^^^^^^^  ^^^^l^lZ 
an  aUowance  was  made  for  the  change  of  CO.  and  oxj  ge 
tent  in  the  blood.)  Samples  were  removed  from  Nos.  2  d  and 
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and  analyzed  for  CO2.  The  amount  of  CO,  in  both  was  identical, 
demonstrating  that  complete  gaseous  equilibrium  had  been 
established. 

TABLE  I. 


Saturation. 


Exposed  to  low  CDs  tension. 


Not  exposed  to  low  CO2  tension. 


CO2  tension. 


First 

Second 

Third 

Fourth 

*  Approximate. 


mm. 

15* 
60* 
60 
60 


CO2  content. 


vol.  pejr  cent 

33.0 

53.7 
53.7 


COs  tension. 


,  TTiTn. 

60* 
60 
60 
60 


COj  content. 


vol.  per  cent 


54.4 

54.45 


TABLE  II. 


Saturation. 


First 

Second 

Third 

Fourth 

*  Approximate 


Exposed  to  low  CO2  tension. 


Not  exposed  to  low  COi  tension. 


COa  tension. 


mm. 

15* 
60* 
60 
60 


CO2  content. 


nol.  per  cent 


53.1 
53.8 


CO2  tension. 


mm. 

60* 
60 
60 
60 


COj  content. 


vol.  per  cent 


53.8 
53.5 


TABLE  III. 


No 


Treatment  of  blood. 


1  e 


2b 


Exposed  in  four  successive  tonometers  to  40 
mm.  of  CO2  in  air. 

Exposed  in  two  successive  tonometers  to  40 
mm.  of  CO2  and  13  mm.  of  O2. 

Same  blood  exposed  in  two  more  successive 
tonometers  to  40  mm.  of  CO2  in  air. 


CO2 

content. 


vol.  per  cent 

48,3 
51.7 
48.1 


Oa  content. 


vol.  per  cent 

14. S 
5.1 
14.8 


Meanwhile  the  other  specimen  (No.  1)  had  been  passed  through 
the  same  number  of  tonometers,  in  each  of  which  it  had  been 
exposed  to  40  mm.  of  CO2  in  air.  Analysis  of  the  last  specimen 
(No  1  e)  for  CO.  and  0-.  gave  results  identical  with  those  obtained 
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from  specimen  No.  2  0,  wHch  had  first  been  exposed  to  CO2  in 
nitrogen.     Similar  results  have  been  obtained  in  other  experiments. 

It  is  evident  from  these  experiments  that  the  reduction  of  the 
CO2  tension  of  defibrinated  horse  blood  to  as  little  as  15  mm. 
produces  no  irreversible  change  in  the  carbon  dioxide  capacity 
of  the  blood.  There  appears  to  be  no  doubt  of  the  reversibility 
of  the  reactions  between  15  and  60  mm.  of  CO2  tension.  It  seems 
hkely,  as  Evans'*  suggests,  that  the  irreversible  fall  in  CO2  capacity, 
observed  by  Haggard  and  Henderson'  was  due  to  the  formation 
of  acid  in  the  blood.  This  acid  formation  is  very  rapid  in  dog 
blood^  and  is  accelerated,  according  to  Evans,  by  reduction  of 
CO2  tension  (increase  of  pH). 

Our  results  further  indicate  that  the  effect  of  reduced  oxy- 
gen tension  on  the  CO2  capacity  of  blood  is  entirely  reversible. 

'  Evans.  C.  L.,  J.  Physiol.,  1922,  Ivi,  146. 


A  SYSTEM  OF  BLOOD  ANALYSIS. 

Supplement    IV. 
A  REVISION  OF  THE  METHOD  FOR  DETERMINING  URIC  ACID. 

By  otto  FOLIN. 

{From,   the  Biochemical   Laboratory  of  Harvard  Medical   School,   Boston.) 

(Received  for  publication,  July  25,  1922.) 
Protein  Precipitation  versus  Loss  of  Uric  Acid. 

In  two  recent  papers  Pucher'  reports  that  only  75  per  cent  of 
the  uric  acid  added  to  sheep  blood  is  recovered  in  the  tungstic 
acid  blood  filtrate  prepared  according  to  the  directions  of  Folin 
and  Wu.  By  using  an  alternative  process,  described  but  not 
recommended  by  Folin  and  Wu,  Pucher's  recovery,  of  uric  acid 
rose  to  93  per  cent.  The  alternative  process  consists  of  heating 
the  blood  paste,  obtained  in  the  regular  process  of  precipitation, 
in  boiling  water  for  a  few  minutes  before  filtering. 

It  is  scarcely  necessary  to  go  into  a  full  discussion  of  the  objec- 
tions to  the  heat  process  for  securing  protein-free  blood  filtrates; 
for  all  will  doubtless  agree  that  if  it  is  not  essential  it  is  better  not 
to  use  it.  Neither  creatinine  nor  the  amino-acid  nitrogen  can  be 
correctly'  determined  in  heated  blood  filtrates.  Such  filtrates  also 
contain  more  of  the  material  (other  than  uric  acid)  capable  of 
yielding  a  color  with  the  uric  acid  reagent. 

In  the  original  paper  on  the  tungstic  acid  method  for  precipi- 
tating the  blood  proteins  it  is  stated  that  10  or  even  20  mg.  of 
added  uric  acid  are  quantitatively  recovered  from  the  blood 
filtrates  obtained  in  that  process.  That  statement  was  based  on 
careful  check  work  made  by  Dr.  Wu  and  myself,  both  together 
and  separately.  I  had,  therefore,  little  reason  to  believe  that  the 
losses  reported  by  Pucher  could  represent  anj-thing  but  some 
unsuitable   condition    present   in   his  experiments.     The   sodium 

»  Pucher,  G.  W.,  J.  Biol.  Chem.,  1922,  lii,  317,  329. 
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tungstate  which  he  used  might  not  have  been  the  true  ortho- 
tungstate,  or  he  might  not  have  used  proper  precautions  m  the 
final  step,  the  addition  of  the  suKuric  acid.     Pucher  states,  to  be 
sure  that  he  carefullv  followed  the  directions  given  by  Folm  and 
Wu  in  the  making  of  his  precipitations.     But  from  the  description 
given  in  his  second  paper  (p.  332)  it  would  appear  that  he  has  paid 
little  or  no  attention  to  one  important  point;  namely,  the  shaking 
of  the  diluted  blood  tungstate  mixtm-e  while  adding  the  sulfuric 
acid      The  subsequent  vigorous  shaking,  which  he  emphasizes, 
cannot  liberate  adsorbed  or  occluded  uric  acid.     I  must  admit  in 
the  light  of  mv  present  experience  that  Folin  and  Wu  did  not  ade- 
quately emphasize  the  importance  of  constant  shaking  whUe  the 
sulfuric  acid  is  added;  but  it  is  ob^^ous  that  unless  this  is  attended 
to    local    zones   of   excessive    acidity   ^vill   be    produced.     Such 
temporai-v  excess  of  acid,  particularly  if  the  tungstate  is  not  the 
best,  may  be  more  disastrous  than  is  the  addition  of  too  much  acid 

at  the  finish.  .        -j  .     i  u 

Notwithstanding  my  certainty  that  added  unc  acid  had  been 
quantitatively  recovered  by  Wu  and  myself,  it  seemed  best  to 
repeat  the  work.     In  this  check  work  I  have  encountered  some 
surprising  results.      Different   samples   of  sheep  blood    exhibit 
great  differences  in  their  tendency  to  retain  added  uric  acid  m  the 
precipitated  proteins.     The  same  blood  when  kept  5  to  6  days  in 
a  cold  room  (4°C.)  does  not  remain  stationary  m  its  tendency  to 
hold  back  added  uric  acid.     It  Tvill  usually  lose  this  tendency  on 
standing,  but  in  at  least  one  sample  of  sheep  blood  from  which  I 
recovered  97  per  cent  when  fresh  I  could  get  only  92  per  cerit  re- 
covery  5   days   later.     I   have   examined    twenty-two    different 
samples  of  sheep  blood,  and  three  samples  of  calf  blood.     ^  rom 
each  of  the  latter  I  recovered  93  per  cent,  when  10  mg.  were  added. 
On  the  basis  of  the  numerous  experiments  which  I  have  now 
made  I  am  no  longer  prepared  to  say  that  95  to  100  per  cent 
recovery  of  added  uric  acid  is  always  attainable.     Our  earier 
findings  on  this  point  must  be  due  to  the  fact  that  we  happened  to 
deal  with  samples  of  blood  that  did  not  possess  any  great  tendency 
to  retain  uric  acid.    The  behavior  of  different  samples  of  sheep 
blood  ^v'ith  respect  to  their  ability  to  retain  uric  acid  is  quite 
extraordinary.     With  some  samples  there  is  absolutely  no  loss, 
while  with  others  I  have  not  been  able  so  to  make  the  precipitation 
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at  the  ordinary  1  in  10  dilution  as  to  be  sure  of  more  than  90  per 
cent  recovery.  The  heat  process  recommended  bj'^  Pucher  is  also 
quite  inadequate;  with  some  bloods  it  gives  lower  values  than  are 
obtained  without  heatmg.  The  maximiim  recovery  (from  90  to 
100  per  cent,  depending  on  the  sample  of  blood),  is  obtained  as 
follows: 

After  the  blood  has  been  diluted  with  7  volumes  of  water  and 
1  volmne  of  10  per  cent  sodium  tungstate,  add  very  slowly  (drop 
by  drop)  with  constant  shaking  four-fifths  of  the  required  f  n 
sulfuric  acid' — that  is  4  cc.  for  5  cc.  of  blood,  or  8  cc.  for  10  cc.  of 
blood — and  let  the  mLxtm'e  stand  for  20  to  30  minutes  before 
adding  the  remaining  one-fifth  of  the  sulfuric  acid.  The  last 
portion  of  acid  must  also  be  added  drop  by  drop  with  continuous 
shaking. 

The  extra  loss  which  may  be  encountered  by  adding  all  the 
required  suKmic  acid  at  once,  if  the  addition  is  made  slowly  and 
with  sha.king,  is  only  about  3  per  cent. 

That  losses  of  8  to  10  per  cent  of  lu-ic  acid  7nay  occur  during 
the  precipitation  of  the  proteins  from  whole  blood  must  be  ac- 
cepted for  the  present.  I  must  have  made  at  least  200  experiments 
trying  to  recover  the  last  8  to  10  per  cent  of  the  added  10  mg.  of 
uric  acid  from  bloods  which  showed  a  strong  tendency  to  retain  it. 
The  problem  is  intrinsically  interesting,  because  different  bloods 
behave  so  differently.  Practically  it  is  of  comparativel.y  little 
importance.  When  very  much  uric  acid  is  present,  as  in  nephritic 
retentions,  it  is  advantageous  to  make  the  protein  precipitation  at 
a  dilution  of  1  in  20,  instead  of  the  customary  1  in  10,  and  at  this 
higher  degree  of  dilution  the  uric  acid,  up  to  at  least  20  mg.,  is 
quantitativeh"  recovered.  When  working  vAih.  plasma  there  is 
no  retention  or  loss  of  luric  acid. 

For  the  investigation  of  the  extent  to  which  uric  acid  added  to 
sheep  blood  goes  into  the  filtrate  I  have  used  the  direct  determina- 
tion described  on  page  167.  AU  possibility  of  error  due  to  un- 
known constituents  of  the  blood  was  eliminated  by  adding  to  the 
standard  uric  acid  solution  the  same  quantity  of  the  sheep  blood 
filtrate  as  was  used  for  the  determination.  The  filtrate  added  to 
the  standard  was  prepared  from  the  same  blood,  but  contained  no 
added  uric  acid. 
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The  Preparation  of  Standard  Uric  Acid  Solutions. 

The  determination  of  uric  acid  described^  in  the  "System  of 
blood  analysis"  was  adapted  to  the  use  of  a  new  standard  solution 
of  uric  acid— the  sulfite  standard.     It  was  thought  that  the  finding 
of  this  very  stable  standard  would  more  than  make  up  for  the 
fact  that  the  intensifying  effects  of  the  cyanide  on  the  color  ob- 
tained had  to  be  sacrificed.     I  have  had  several  lots  of  the  sulfite 
standard  keep  for  more  than  2  years,  although  reports  received 
from  different  laboratories  show  that  such  keeping  quality  is  by 
no  means  always  obtained.    Results  reported  by  Pucher  indicate 
that  bacterial  decompositon  may  come  in,  a  possibility  which  we 
had  omitted  to  provide  for,  because  it  was  thought  that  10  per  cent 
sodium  sulfite  would  prove  an  adequate  preservative.     The  addi- 
tion of  preservatives,  such  as  chloroform  or  toluene,  to  standard 
solutions  is  not  entkely  satisfactory,  because  pipettes  never  run 
clean   with   such  solutions.     It   is   not   worth  while   to   discuss 
how  to  insm-e  the  keeping  quality  of  the  sulfite  standard  because 
from  recent  pubhcations  (Morris,  Palmer,  Benedict)  it  is  clear 
that  many  workers  will  not  forego  the  advantages  of  the  cyanide 
for  the  sake  of  a  permanent  uric  acid  standard.    To  clinical 
laboratories  the  keeping  quality  of  standard  solutions  is  of  much 
greater  importance  than  the  investigators  mentioned   seem   to 
realize    and  if  I  in  this  paper  discard  the  sulfite  standard,  it  is 
onlv  because  1  believe  that  I  have  found  another,  even  more 
dependable  solution  of  uric  acid,  which  is  free  from  the  objections 
raised  against  the  sulfite  solution. 

The  standard  solution  of  uric  acid  described  below  is  not  new; 
it  was  used  in  this  laboratory  10  years  ago  and  was  described 
m  1913'  The  uric  acid-preserving  factor  is  formaldehyde. 
Formaldehyde  forms  very  soluble  addition  products  with  uric 
acid  These  addition  products  are  not  decomposed  when  the 
solutions  are  acidified.  I  once  kept  such  a  solution  on  a  warm 
radiator  for  3  months  and  could  detect  no  change.    No  other 

kind  of  ui-ic  acid  solution  could  withstand  such  treatment,  and  it 
was  thought  that  a  really  permanent  standard  solution  of  uric 

acid  had  been  found.     At  a  later  period  when  I  started  to  use  the 

'  Folin,  O.,  and  Wu,  H.,  J.  Biol.  Chem.,  1919,  xxxviii,  100. 
3  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1913,  xiv,  90. 
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standard  it  was  nevertheless  found  to  have  changed.  It  gave 
more  color  than  it  did  when  originally  standardized. 

At  that  time  we  were  more  interested  in  other  problems,  and  the 
cause  of  the  change  in  the  uric  acid  solutions  was  never  investi- 
gated; the  standard  was  simply  abandoned.  In  making  use  of 
these  formaldehyde  solutions  of  uric  acid  we  had  adapted  the 
formaldehj'^de  standard  to  the  uric  acid  method,  as  it  was  then 
employed,  and  neglected  to  investigate  the  behavior  of  the 
standard  when  diluted  with  water.  From  5  mg.  of  m-ic  acid  we 
obtained  only  as  much  color  as  is  given  by  1  mg.  of  free  uric  acid, 
and  accurate  results  were  obtained  only  because  the  reaction  was 
always  made  in  exactlj^  the  same  way.  In  1915  the  formaldehyde 
standard  was  investigated  and  condemned  by  S.  R.  Benedict.^ 
Like  ourselves,  Benedict  found  that  the  formaldehyde-uric  acid 
solutions  suffered  no  deterioration  on  standing,  but  he  also  found 
that  the  color  obtained  was  too  uncertain  to  permit  its  use  as  a 
standard.  Benedict,  like  ourselves,  omitted  to  study  the 
formaldehyde-uric  acid  solutions  ui  any  great  detail  and  the 
intrinsic  merits  of  these  solutions  have  thus  remained  undiscovered. 

Since  the  uric  acid-formaldehyde  combinations  dissociate  into 
their  component  parts  on  diluting  with  water,  it  occurred  to  me 
that  the  solutions  had  never  been  used  to  the  best  advantage.  If 
it  should  be  feasible  by  suitable  dilution  to  accomplish  the  com- 
plete dissociation  of  the  formaldehj^de-uric  acid  compounds  so  that 
all  of  the  uric  acid  present  would  react  with  the  uric  acid  reagent, 
then  we  should  have  removed  the  sources  of  uncertainty  attached 
to  the  solutions  as  originally  employed;  yet  would  retain  the 
remarkable  keeping  quality  accomplished  by  means  of  formalde- 
hyde. The  intensifying  effects  of  the  cyanide  would  be  retained. 
Formaldehyde,  imlike  the  sulfite,  does  not  counteract  the  "driving 
power"  of  the  cyanide. 

It  was  soon  found  that  the  degree  of  dilution  required  to  set 
free  all  the  uric  acid  comes  well  within  the  dilutions  now  used  for 
standard  uric  acid  solutions  in  connection  witii  lu-ic  acid  deter- 
minations in  urine,  and  for  lU'ic  acid  determinations  in  blood  the 
standard  solutions  are  still  weaker,  so  that  this  aspect  of  the 
problem  was  easily  solved.  Uric  acid  can,  however,  form  several 
addition    products    with   formaldehyde.     Some    of   the  addition 

*  Benedict,  S.  R.,  and  Hitchcock,  E.  11.,  J.  Biol.  Chem.,  1915,  xx,  621. 
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products  may  not  be  so  readily  dissociated  by  dOution  with  water, 
and  the  possibility  remained  that  on  very  long  standmg   (for 
months  or  years)  less  readily  dissociated  compounds  might  be 
foi-med.     The  speed  and  the  extent  to  which  such  compoimds  may 
be  formed  ^-ill  necessarily  depend  on  the  concentration  of  the 
formaldehyde  present  in  the  solutions.     For  practical  purposes  it 
is  therefore  necessary  to  find  out  the  concentrations  ot  formal- 
dehyde which  are  best  suited  for  the  preparation  of  the  standard 
uric  acid  solutions.     The  solvent  effects  of  formaldehyde  on  uric 
acid  are  exceedingly  strong;  by  the  aid  of  heat  a  40  per  cent  solu- 
tion of  uric  acid  can  be  prepared  with  the  help  of  ordmary  un- 
diluted (40  per  cent)  formaldehyde.     The  genmcidal  properties 
of  formaldehyde  are  also  very  pronounced.     1  part  of  40  per  cent 
formaldehyde  in  1,000  parts  of  bouiUon  is  said  to  prevent  the 
development  of  putrefactive  bacteria.    There  should,  therefore,  be 
no  difficulty  about  preparing  stock  solutions  of  unc  acid  so  weak 
in  formaldehyde   that   no   unduly   stable   compounds  with  the 
formaldehyde  are  produced  on  long  standing. 

On  the  other  hand,  from  the  standpoint  of  possible  chemical 
decomposition  of  the  mic  acid,  it  should  be  advantageous  to  use 
the  largest  permissible  excess  of  formaldehyde,  because  m  as  far 
as  there  is  chemical  decomposition  of  uric  acid  this  will  occur  at 
the  expense  of  the  dissociated  material,  and  the  greater  the  con- 
centration of  fomialdehyde  the  less  free,  or  reactive  uric  acid  will 

be  present.  ,     .  ,   .  • 

On  the  1st  of  March  I  prepared  a  series  of  solutions  contammg 
25  50,  100,  and  200  cc,  respectively,  of  40  per  cent  formaldehyde. 
All  contained  1  mg.  of  uric  acid  per  cubic  centimeter  except  the 
last,  which  contained  2  mg.  per  cubic  centimeter  The  solutions 
wer;  kept  in  the  dark  and  in  small  tightly  corked  bo  tks^  At 
the  end  of  3  months  10  cc.  samples  from  each  lot  were  diluted  to  a 
uric  acid  concentration  of  1  mg.  per  10  cc.  and  the  reactive  unc 
acid  was  immediately  determined  by  comparison  with  a  fieshly 
prepared  solution  of  uric  acid.  The  foUo^^1ng  colorimetric 
readings  were  obtained: 


40  per  cent  formaldehyde  per  liter, 
Colorimetric  reading 


Standard. 
20 


cc. 
25 
20 


re. 

50 

20.5 


cc. 
100 
21.7 


cc. 
200 
22.5 
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The  solutions  were  then  further  diluted  to  a  concentration  of  1  mg. 
of  uric  acid  for  250  cc.  (the  concentration  used  in  blood  analysis) 
and  the  colorimetric  determinations  were  made  immediately 
according  to  the  process  described  on  page  167.  The  colorimetric 
readings  obtained  were  nearly  identical  ^vith  those  recorded  above. 
45  minutes  later  the  determinations  were  repeated.  This  time 
all  the  dilute  solutions  gave  the  same  color  value  as  the  standard. 
Similar  series  of  determinations  were  made  at  the  end  of  4 
months.  The  values  obtained  were  substantiallj-  identical  with 
the  corresponding  values  obtained  a  month  before.  From  these 
data  it  seems  safe  to  draw  the  following  conclusions: 

1.  No  permanently  undissociable  compounds  are  formed  between 
uric  acid  and  formaldehyde. 

2.  In  the  presence  of  more  than  50  cc.  of  40  per  cent  formal- 
dehyde per  liter,  appreciable  amounts  of  addition  products 
between  uric  acid  and  formaldehyde  are  formed — products  which 
are  not  completely  dissociated  when  the  solutions  are  diluted  ten 
times,  that  is,  to  the  uric  acid  concentration  represented  in  the 
standard  uric  acid  solutions  usually  employed  in  urine  analysis. 

3.  At  the  much  greater  dilution  corresponding  to  that  of  the 
standard  in  blood  analysis  aU  the  uric  acid-formaldehyde  com- 
pounds are  completely  dissociated  within  45  minutes. 

4.  The  uric  acid  remains  quantitatively  intact  in  formaldehyde 
solutions. 

5.  Uric  acid  solutions  made  with  the  help  of  25  to  50  cc.  of  for- 
maldehyde per  liter  are  all  serviceable  for  standard  solutions. 

The  solution  described  by  Folin  and  Denis  in  1913  contained 
40  cc.  of  formaldehyde  per  liter.  On  the  whole  it  is,  perhaps, 
safest  to  recommend  the  use  of  25  cc.  of  formaldehyde  since  there 
appears  to  be  no  danger  of  either  chemical  or  bacterial  decompo- 
sition in  such  solutions;  but  it  is  obvious  that  there  is  room  for 
very  wide  variations,  not  only  with  reference  to  the  formaldehyde 
content  but  also  in  the  acid  content  of  these  solutions. 

The  directions  given  below  are  made  specific  only  in  the  interest 
of  those  who  have  not  the  time  to  try  out  other  variations. 
^  Transfer  exactly  1  gm.  of  uric  acid  to  a  funnel  on  a  300  cc. 
flask.  Transfer  from  0.45  to  0.5  gm.  of  lithimn  carbonate  to  a 
300  cc.  beaker,  add  150  cc.  of  water,  and  heat  to  00°  C,  shaking  or 
stirring  until   all  the   carbonate   has   dissolved.     With   the   hot 
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carbonate  solution  rinse  the  uric  acid  into  its  flask  and  shake. 
The  uric  acid  dissolves  practicaUy  at  once.  As  soon  as  a  clear 
sohition  is  obtained,  cool  under  running  water,  with  shaking, 
and  transfer  to  a  volumetric  liter  flask.  Rinse  and  dilute  to  a 
vohune  of  400  to  500  cc.  Add  25  cc.  of  40  per  cent  formaldehyde, 
and  after  shaking  to  insure  thorough  mLxing,  acidify  by  the  addi- 
tion of  3  cc.  of  glacial  acetic  acid,  or  equivalent  quantities  of 
50  or  25  per  cent  acetic  acid.  Shake,  to  remove  most  of  the  car- 
bonic acid,  dilute  to  volume,  and  mix.  Fill  up  to  the  neck  a  series 
of  smaU  bottles  (100  to  150  cc.)  with  the  stock  solution,  cork  very 
tightly,  label,  and  keep  in  a  dark  place. 

For  actual  use  the  standard  stock  solution  containing  1  mg.  per 
CO.  is  diluted  250  times.  For  urine  analysis  a  suitable  dilution  is 
5  cc.  in  50  cc,  having  1  mg.  of  uric  acid  per  10  cc.  of  solution. 

The  keeping  quality  of  the  diluted  standards  is  a  matter  of 
minor  importance,  but  these  solutions  should  keep  at  least  as  long 
as  anv  other  solutions  having  the  same  concentration  of  uric  acid. 
Statements  as  to  how  long  such  solutions  will  keep  cannot  be  very 
dependable.  The  keeping  quality  will  depend  partly  on  the  tem- 
perature, partly  on  the  degree  of  cleanliness.  In  clinical  labora- 
tories solutions  are  more  apt  to  deteriorate  because  of  excessive 
bacterial  infections.  The  dilute  standard  described  on  page  165 
will  keep  a  long  time. 

Colormetric  Uric  Acid  Determinations. 

The  uric  acid  reagent  of  Folin  and  Denis  was  described  in  1912 
and  has  been  used  ever  since  practically  without  modification  and 
by  practically  all  who  have  made  uric  acid  determinations.  The 
reagent  is  also  used  in  other  determinations,  such  as  for  the  assay 
of  adrenalin  solutions,  and  it  has  proved  very  serviceable  for  the 
colorimetric  estimation  of  cystine.  In  1920  the  reagent  was 
subjected  to  a  thorough  examination;  its  active  ingredients  were 
isolated  and  identified  by  Wu^  in- the  course  of  his  exceUent 
survey  of  the  phosphotungstic  and  phosphomolybdic  acids. 

Wu's  stimulating  paper  has  been  followed  by  a  series  of  attempts 
to  prepare  other  uric  acid  reagents.  A  short  tune  ago  there 
appeared,   almost  simultaneously,   descriptions  of  no  less  than 

'  Wu,  11.,  J.  Biol.  Chem.,  1920,  xliii,  ISO. 
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four  new  and  different  uric  acid  reagents — all  recommended  by 
their  authors  as  better,  in  one  respect  or  another,  than  the  uric 
acid  reagent  of  Folin  and  Denis.  One  of  these  new  reagents,  that 
of  Jackson  and  Palmer,*  may  be  described  as  representing  an 
effort  to  purify,  by  dialysis,  the  original  reagent  of  Folin  and  Denis. 
In  two  of  the  new  reagents,  that  of  Morris,'  and  one  of  Benedict's,* 
arsenic  acid  is  substituted  for  phosphoric  acid,  and  in  the  fourth 
(Benedict's)  a  part  onlj^  of  the  phosphate  is  replaced  by  arsenic. 

There  are,  now  therefore,  five  different  uric  acid  reagents, 
whereas  during  the  past  10  year  period  all  used  the  same  one. 
Nor  is  there  any  reason  to  believe  that  the  list  has  been  exhausted, 
because  many  other  analogous  mixtures  can  undoubtedly  be 
prepared.  (See,  for  example,  the  mixture  referred  to  on  page  163.) 
Whatever  may  be  the  final  outcome  of  such  a  multiplicity  of  similar 
reagents  for  one  specific  pmpose,  the  immediate  effect  will 
necessarily  be  some  uncertainty  and  confusion — particularly 
among  those  interested  only  in  the  clinical  applications  of  the 
methods  for  blood  analysis.  Without  entering  upon  a  discussion 
of  the  relative  merits  of  the  different  new  uric  acid  reagents,  I 
believe  that  it  is  well  within  the  truth  to  say  that  m-ic  acid  in  blood 
can  be  determined  as  accurately  and  as  conveniently  by  means  of 
the  uric  acid  reagent  of  Folin  and  Denis  as  by  any  other  reagent 
yet  described. 

Some  reference  must  necessarily  be  made  to  the  mbced  arsenic- 
tungsten  reagent  of  Benedict,  because  this  mixture  is  said  to 
possess  a  special  selective  reaction  with  uric  acid,  a  selective 
reaction  not  obtainable  with  the  uric  acid  reagent  of  Folin  and 
Denis.  Because  of  the  ex-traordinary  "specificity"  of  this 
reagent,  Benedict  is  now  able  to  obtain  trustworthy  uric  acid 
values  by  applying  the  color  reaction  directly  to  blood  filtrates 
without  any  preliminary  isolation  of  the  uric  acid. 

If  Benedict's  findings  and  interpretations  were  correct,  this  new 
uric  acid  reagent  would  naturally  and  inevitably  take  the  place 
formerly  held  by  the  reagent  of  Folin  and  Denis.  Benedict's 
technique  involves  other  new  conditions  besides  the  use  of  his  uric 
acid  reagent.    Benedict,  Morris,  and  Palmer  have  all,  seemingly 

«  Jackson,  H.,  Jr.,  and  Palmer,  W.  W.,  J.  Biol.  Chem.,  1922,  1,  90. 
'  Morris,  J.  L.,  and  Macleod,  A.  G.,  /.  Biol.  Chem.,  1922,  1,  60. 
s  Benedict,  S.  R.,  /.  Biol.  Chem.,  1922,  li,  189,  190. 
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independently,  discovered  the  interesting  fact  that  by  omitting 
the  addition  of  anv  other  alkaU  than  sodium  cyanide  the  mteusity 
of  the  color  obtained  from  a  given  quantity  of  uric  acid  is  very 
much  increased,  above  that  obtained  with  cyanide  plus  carbonate. 
Benedict  has  made  the  additional  important  discovery  that  by 
the  application  of  heat  (water  bath)  the  color  obtained  is  again 
greatly  intensified.  By  the  combination  of  the  right  amount  of 
cyanide  as  the  onlv  alkali,  and  heat,  Benedict  has  obtained  so 
much  color  that  5  cc.  of  blood  filtrate,  correspondmg  to  0.t>  cc.  ot 
noi-mal  blood,  give  all  the  color  needed  for  an  exact  colormietric 

comparison.  , 

The  question  raised  in  my  mind  was  whether  the  results  re- 
ported by  Benedict  were  not  to  be  explained  on  the  basis  of  these 
new  conditions  rather  than  on  the  use  of  a  more  suitable  uric  acid 
reagent.  This  conjecture  proved  correct.  The  reagent  of  Folin 
2i?Denis  can  be  made  to  yield  a  color  with  blood  filtrates  which 
corresponds  very  closely  to  their  true  ui-ic  acid  content.  To  obtam 
such  remai'kable  results  one  needs  only  to  apph",  with  certam 
variations,  the  favorable  conditions  discovered  by  Benedict. 

I  am  n^t  prepared  to  agree  with  Benedict  that  such  exceUent 
results  are  due  wholly  to  the  specificity  of  the  uric  acid  reagents 
On  the  contrary,  I  am  quite  sure  that  correct  results  are  obtained 
only  bv  so  adjusting  the  conditions  that  two  sets  of  errors  balance 
each  other.  For  practical  purposes,  however,  the  explanation  is 
immaterial  so  long  as  dependal^le  results  are  obtamed. 

In  order  to  illustrate  the  great  specificity  of  his  new-^ uric  a  id 
reagent  Benedict  cites  experiments  with  resorcmol.    This  poly- 
phenol gives  very  much  less  color  than  does  an  equal  amount  o 
uric  a  id,  and  when  the  reaction  is  made  on  mixtures  of  resorcino 
"nc  riric  acid,  the  color  obtained  is  so  much  less  than  the  sum  of 
whit  the  two  would  give  separately  that  several  times  as  much 
resorcinol  as  urie  acid  can  be  present  before  there  is  -y  -^te- 1 
increase  in  color  above  that  given  by  the  uric  acid  alone.     Ben  - 
d  ct  has  evidently  not  made  any  analogous  .>xperiments  with  the 
un    add  r  agent  of  Folin  and  Denis,  for  if  he  had  done  so  he 
col  not  have  failed  to  find  that  his  reagent  gives  several  times  as 
much  color  with  resorcinol  as  is  obtained  with  the  reagent  of 
Folin  and  Denis.    When  applied  to  mixtures  o    m.c  acid  and 
reso^ci^ol  the  latter  reagent  produces  less  color  than  is  obtamed 
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from  the  uric  acid  alone.  In  the  presence  of  five  times  as  much 
resorcinol  as  uric  acid  the  loss  in  color  amounts  to  about  10  per 
cent. 

The  effect  of  resorcinol  on  the  uric  acid  reaction  is  evidently 
opposite  to  that  produced  by  cj^anidc.  This  effect  is  of  the  same 
order  with  the  two  uric  acid  reagents,  but  in  the  case  of  Benedict's 
reagent  the  loss  in  color  from  the  uric  acid  is  more  than  counter- 
balanced by  the  color  obtained  from  the  resorcinol  and  the  total 
color  is  therefore  greater  than  that  given  by  the  uric  acid  alone. 

By  using  suitable  mixtures  of  the  two  reagents  (3  volumes  of 
the  Folin-Dcnis  reagent  to  1  volimie  of  Benedict's)  the  two  effects 
of  resorcinol  can  be  made  to  balance  each  other  exactly.  With 
0.5  cc.  of  this  mixtm-e  plus  1  cc.  of  15  per  cent  sodium  cyanide, 
resorcinol,  up  to  ten  times  the  amount  of  uric  acid  present,  has 
no  effect  on  the  color  produced. 

While  blood  filtrates  undoubtedly  contain  traces  of  resorcinol 
they  also  contain  many  other  products  capable  of  interfering  with 
the  reaction  by  which  the  uric  acid  is  determined.  WhOe  working 
with  the  filtrates  from  sheep  blood  I  examined  this  aspect  of  the 
uric  acid  determination.  Sheep  blood  usually  contains  less  than 
0.1  mg.  of  uric  acid  per  100  cc.  Sheep  bloods  also  contain  large 
and  very  variable  amounts  of  products  capable  of  interfering  with 
the  uric  acid  reaction.  If  a  truly  specific  lu'ic  acid  reagent  were 
available  it  should  be  capable  of  giving  the  correct  value  for  the 
uric  acid  added  directly  to  sheep  blood  filtrates.  At  one  period  it 
seemed  as  though  the  uric  acid  reagent  of  Folin  and  Denis  were 
equal  to  this  situation.  Verj^  satisfactory  results  were  obtained 
with  two  or  three  samples  of  sheep  blood  filtrate.  Later,  however, 
the  elusive  character  of  the  results  became  clear,  for  when  other 
sheep  blood  filtrates  were  tried  (positive)  errors  up  to  20  or  even 
30  per  cent  were  found.  Nor  did  Benedict's  reagent  give  better 
results.  If  the  direct  determination  of  uric  acid  in  filtrates  from 
human  blood,  whether  by  Benedict's  reagent  or  by  the  reagent  of 
Folin  and  Denis,  gives  dependable  results,  it  is  only  because  these 
filtrates  contain  much  less  of  the  interfering  materials  than  do 
sheep  blood  filtrates.  This  being  the  case,  it  is,  I  think,  quite 
necessarj'-  to  retain  at  least  for  check  purposes,  the  preliminarj^ 
isolation  process  outlined  by  Folin  and  Wu.  In  the  course  of  m^' 
efforts  to  determine  directly  the  uric  acid  added  to  sheep  blood 
filtrates  some  interesting  and  valuable  information  was  gained. 
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It  was  found  that  to  get  the  maximum  color  from  a  given  quan- 
tity of  uric  acid  and  the  widest  range  of  proportionahty  for 
different  amounts,  it  is  necessary  to  increase  the  amounts  of  uric 
acid  reagent  and  of  cyanide  up  to  a  point  where  it  is  very  difficult 
to  avoid  the  formation  of  precipitates.  Benedict  encountered 
the  same  difficulty,  and  to  meet  it  recommends  that  sodium 
oxalate  be  substituted  for  potassium  oxalate  to  prevent  the 
clotting  of  blood.  Sodium  oxalate  dissolves  very  slowly  in 
either  cold  or  hot  water.  It  dissolves  only  to  the  extent  of  about 
3  per  cent.  Sodium  oxalate  is,  therefore,  not  very  suitable. 
Lithium  oxalate  is  better.  This  salt  has  about  twice  the  solu- 
bility of  sodium  oxalate. 

Lithium  oxalate  is  easily  prepared:  To  50  gm.  of  lithium  carbon- 
ate in  a  2  liter  beaker  add  85  gm.  of  oxalic  acid.  To  the  mixture 
add  1  liter  of  hot  water.  Stir  cautiously.  Complete  solution  is 
obtained  practically  as  soon  as  the  carbonic  acid  has  passed  oiT. 
Evaporate  to  dryness  and  powder.  1  mg.  of  hthium  oxalate  is 
equivalent  to  2  mg.  of  potassium  oxalate,  and  1  mg.  of  lithium 
oxalate  per  cc.  of  blood  is,  therefore,  quite  enough  for  the  pre- 
vention of  clotting. 

Potassium  salts  are  by  far  the  most  serious  cause  of  precipitate 
formation  in  the  colorimetric  uric  acid  determination.  But 
sodium  salts,  particularly  in  the  form  of  cyanide,  are  also  very 
apt  to  produce  precipitates  when  present  in  too  large  amounts. 
Lithium  salts  differ  from  both.  Lithium  salts,  in  excess,  tend  to 
produce  precipitates  at  higher  temperatures,  while  at  room 
temperatures  they  have  the  opposite  effect.  They  actually 
prevent  the  formation  of  sodium  or  potassium  precipitates  at 
ordinary  room  temperatures.  I,  therefore,  recommend  the  use 
of  lithium  oxalate  to  prevent  the  clotting  of  blood  and  the  use  of 
some  other  lithium  salt  (sulfate,  chloride,  or  citrate)  as  an 
additional  reagent  in  the  making  of  colorimetric  uric  acid 
determinations. 

While  an  excess  of  lithium  oxalate  does  no  harm  in  connection 
with  the  uric  acid  determination,  the  indiscriminate  addition  of 
any  oxalate  (or  citrate)  to  blood  to  prevent  clotting  is  undesirable, 
because  a  large  excess  interferes  wth  the  protein  precipitation  and 
also  complicates  t\w  urea  determination.  When  much  oxalate  is 
present  the  blood  filtrate  must  have  an  excess  of  acid  added,  and 
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this  extra  acid  stays  in  the  filtrate  in  the  form  of  free  oxalic  acid. 
Lithium  oxalate  (or  potassium  oxalate)  for  the  prevention  of  blood 
clotting  is  most  conveniently  used  in  the  form  of  oxalated  paper  or 
cloth.  The  cloth  is  better  than  the  paper  because  the  latter  is 
apt  to  break  up  into  fibers  which  clog  the  blood  pipette. 

To  prepare  oxalated  cloth  proceed  as  follows :  Cut  up  about  75 
to  80  gm.  of  bird's  eye  cotton  cloth,  free  from  starch,  into  strips 
aliout  10  cm.  mde  and  40  to  50  cm.  long.  Transfer  10  gm.  of 
lithium  carbonate  and  17  gm.  of  oxalic  acid  to  a  liter  beaker. 
Add  240  cc.  of  hot  water  (75°  C).  Complete  solution  is  obtained 
in  a  few  seconds.  Transfer  the  warm  solution  to  a  plate;  pass  the 
cotton  strips  through  it,  and  hang  up  on  a  string  to  dry — exactly 
as  in  the  making  of  litmus  paper.  The  cloth,  when  dry,  will  carry 
about  20  per  cent  of  lithium  oxalate.  50  mg.  of  such  cloth  will 
easily  prevent  the  clotting  of  15  or  even  20  cc.  of  blood.  If  desired, 
the  oxalate  content  can  be  doubled  by  repeating  the  process. 

The  direct  determination  of  uric  acid  in  the  blood  filtrates  from 
the  tungstic  acid  precipitation  described  below  will  be  found  to 
give  results  which  I  beheve  to  be  dependable  when  applied  to 
human  blood.  The  values  obtained  are  usuall}'^  0.1  or  0.2  mg. 
above  those  obtained  by  the  silver  precipitation  and  sodium 
chloride  extraction. 

Solutions. 

1.  Diluted  uric  acid  standard  containing  0.02  mg.  of  uric  acid 
in  5  cc. 

From  the  standard  uric  acid-formaldehyde  solution,  containing 
1  mg.  per  cc,  transfer,  with  an  Ostwald  pipette,  1  cc.  to  a  250  cc. 
volumetric  flask.  Half  fill  the  flask  with  water,  and  add  10  cc. 
of  the  f  N  sulfuric  acid  used  in  blood  protein  precipitation. 
Add  also  1  cc.  of  40  per  cent  formaldehyde  {but  no  more)  and  then 
uiilute  to  volume,  mix,  and  date. 

I  hesitate  about  making  any  definite  statement  as  to  how  long 
these  diluted  solutions  will  keep.  In  the  course  of  5  weeks  of 
occasional  use  of  one  such  solution  I  have  found  no  deterioration 
whatever. 

2.  Uric  acid  reagent  of  Folin  and  Denis. 

3.  Lithium  sulfate  solution.  Dissolve  20  gm.  of  powdered 
lithimn  sulfate  (Baker  and  Adamson's)  in  about  80  cc.  of  cold 
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water.     Dilute  to  a  volume  of  100  cc.  and  filter  from  the  slight 
amount  of  insoluble  matter  present. 

4.  Approximately  15  per  cent  solution  of  sodium  cyanide  in 
0.1  N  sodium  hydroxide. 

Cyanide  solutions  may  be  said  to  improve  vnth.  age,  and  it  is 
therefore  advisable  to  prepare  enough  for  at  least  3  months  use. 
The  solid  sodium  cyanide  should  be  white.  Old  weathered 
samples  of  cyanide  which  have  been  decomposed  by  the  carbon 
dioxide  of  air  cannot  be  used.  Weigh  out  on  a  paper  from  100 
to  450  gm.  of  the  cyanide.  Transfer  to  a  large  beaker,  add  6.7  cc. 
of  0.1  N  sodium  hydroxide  for  each  gi-am  of  cyanide  taken,  stir  oc- 
casionally until  the  whole  has  dissolved.  The  solution  is  opales- 
cent due  to  the  presence  of  a  little  insoluble  matter.  Transfer  to 
a  bottle,  label,  and  let  stand  for  2  weeks  or  longer  before  using. 

Some  explanations  are  necessary  concerning  the  preparation 
and  beha\'ior  of  sodium  cyanide  solutions. 

Cyanide  solutions  turn  yellow  in  the  course  of  time  (2  to 
3  weeks).  This  discoloration  is  faster  in  concentrated  than  in 
dilute  solutions.  It  is  prevented  by  free  exposure  to  the  air. 
Aqueous  cyanide  solutions  kept  in  beakers  covered  with  watch- 
glasses  remain  colorless.  The  formation  of  the  brown  substance 
("azulonic  acid")  is  also  prevented  by  the  addition  of  a  httle 
alkali.  This  decomposition,  -s-ith  discoloration,  of  the  cyanide 
solution  is  of  little  or  no  importance  in  connection  mth  uric  acid 
determinations,  but  it  seems  best  to  prevent  it  since  its  prevention 
is  so  easily  accomplished.  The  use  of  0.1  N,  or  even  0.05  n,  sodium 
hydroxide  instead  of  water  furnishes  ample  protection  against  this 
decomposition. 

The  important  point  to  be  noted  about  cyanide  solutions  is  not 
the  decomposition  products  formed  on  standing,  so  much  as  the 
presence  of  impurities  in  the  original  material.  Practically  all 
freshly  prepared  cyanide  solutions  contain  notable  quantities  of 
reducing  substances,  which  give  a  blue  color  with  the  uric  acid 
reagent.  Different  brands  of  sodium  cyanide  contain  different 
amounts  of  the  impurities  which  yield  a  blue  color.  The  label, 
or  the  cost,  of  a  given  brand  is  no  criterion  whatever  as  to  the 
amount  of  color  obtained  from  its  fresh  solutions.  The  best  gi-ades 
of  sodium  cyanide  should  nevertheless  be  used,  because  of  their 
much  smaller  tendency  to  produce  precipitates. 
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One  qualification  must  be  added  to  the  statement  made  above 
to  the  effect  that  the  cyanide  solutions  improve  with  age.  The 
ammoniacal  decomposition  of  the  cyanide  sooner  or  later  destroys 
its  efficiency.  Strongly  ammoniacal  solutions  do  not  yield  the 
maximum  color  and  show  a  greater  tendency  to  produce  turbidity. 
The  accumulation  of  ammonia  can  be  retarded  b}^  covering  the 
container  with  a  beaker  instead  of  stoppering  with  a  cork.  The 
ammoniacal  solutions  can  be  restored  to  substantially  their  original 
value  by  boiling  off  the  ammonia  and  then  diluting  to  the  original 
volume. 

The  blue  color  obtained  from  the  cyanide  and  the  uric  acid 
reagent  alone  is  much  increased  by  the  appHcation  of  heat,  and  is 
much  greater  if  heat  (water  bath)  is  applied  at  once  than  if  the 
reaction  is  allowed  to  proceed  for  2  to  3  minutes  at  room  tempera- 
tures before  heating.  The  reducing  impurities  in  the  cyanide 
solutions  diminish  spontaneously,  at  first  rapidly,  then  more  and 
more  slowly,  and  many  weeks  must  elapse  before  they  are  entirely 
gone.  In  2  to  3  weeks  the  impurities  have  diminished  to  such  an 
extent  that  practically  no  color  is  obtained  in  the  cold,  and  the 
color  produced  on  heating,  after  standing  for  2  minutes  at  room 
temperatures,  is  so  small  as  not  to  interfere  with  the  uric  acid 
determination. 

The  test  for  the  blank  due  to  impurities  in  the  cyanide,  is  made 
as  follows:  Transfer  5  cc.  of  water,  2  drops  of  hthium  suKate 
solution,  and  2  cc.  of  the  15  per  cent  cyanide  solution  to  a  test- 
tube.  Add  1  cc.  of  the  uric  acid  reagent,  let  stand  for  2  minutes. 
The  solution  should  remain  colorless.  Heat  in  boilmg  water  for 
1.5  minutes  and  cool;  some  color  is  obtained.  To  determine 
whether  tliis  color  does  or  does  not  materially  affect  the  uric  acid 
values  obtained  in  actual  determinations,  repeat  the  test  de- 
scribed— with  two  graduated  test-tubes  and  with  standard  uric 
acid  solution — 5cc.  in  one,  and  3cc.  plus  2cc.  of  water,  in  the  other. 
Dilute  to  volmiie  after  heating  and  compare  the  colors.  If  the 
cyanide  is  perfectly  good,  the  weaker  solution  wiU  give  the  theo- 
retical reading,  33.5  mm.,  when  the  stronger  is  set  at  20  mm. 

The  Uric  Acid  Determination.- — Half  fill  a  wide  liter  beaker  with 
water  and  heat  to  boiling.  Transfer  5  cc.  of  the  blood  filtrate 
and  2  cc.  of  water  to  one  test-tube  graduated  at  the  25  cc.  mark, 
and  transfer  5  cc.  of  the  standard  uric  acid  solution  and  2  cc.  of 
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water  to  another  similar  test-tube.     Add  2  or  3  drops  of  20  per  cent 
lithium  suKate  solution  to  each.     From  a  burette  add  2  cc.  of  the 
15  per  cent  sodium  cyanide  solution.     By  means  of  a  5  cc.  blood 
pipette, 5  or  other  graduated  pipette,  add  1  cc.  of  the  uric  acid 
reagent  of  Folin  and  Denis  to  each  test-tube.     Mix,  and  let  stand 
for  2  minutes.     At  the  end  of  2  minutes  transfer  both  test-tubes 
to  the  boiling  water  and  leave  them  there  for  80  seconds.     Cool, 
dilute  to  A'olume,  and  make  the  color  comparison  in  the  usual 
manner,  not  omitting  first  to  read  the  standard  against  itself. 
Wlien  the  standard  is  set  at  20  mm.  20  divided  by  the  reading  of 
the  unknown,  tunes  4,  gives  the  uric  acid  content  in  milligrams 
per  100  cc.  of  blood.     The  proportionality  of  the  color  obtained  is 
in  this  case  so  good,  if  the  cyanide  is  right,  that  readings  between 
10  and  40  mm.,  covering  a  range  of  from  2  to  8  mg.,  are  dependable. 
It  will  be  noted  that  the  heating  period  is  given  in  terms  of 
seconds.     The  reason  for  this  limitation  is  the  greater  tendency 
to  get  precipitates  from  prolonged  heating,  a  tendency  which  is 
further  increased  by  the  evaporation  within  the  tube,  whereby  a 
faint  ring  of  precipitate  is  necessarily  formed  at  the  surface  of 
the  liquid.     Heating  for  60  seconds  in  boiling  water  is  sufficient 
to  give  the  maximum  color.     There  is,  therefore,  no  object  in 
heating  longer  than  the  time  prescribed. 

It  is  obvious  that  the  lithium  sulfate  and  the  sodimn  cyanide 
might  be  combined  into  one  solution.  I  have  refrained  from 
prescribing  such  a  combination  because,  for  a  time  at  least,  one 
may  have  to  deal  with  bloods  containing  added  potassium  oxalate 
as  well  as  those  containing  lithium  oxalate.  If  much  potassuun 
oxalate  is  present  it  may  be  necessary  to  use  4  drops  of  lithium 
sulfate  to  prevent  precipitate  formation. 

The  uric  acid  values  obtained  by  the  direct  determination 
described  above  are  often  from  0.1  to  0.2  mg.  higher  than  those 
obtained  by  the  help  of  the  silver  lactate  precipitation.  In  the 
course  of  my  control  determinations  by  means  of  silver  lactate 
I  have  found  that  the  original  conditions  described  by  Folin  and 
Wu  are  not  entirely  dependable.     Some  of  the  uric  acid  present 

9  5  cc.  blood  pipettes  are  very  much  better  than  ordinary  pipettes, 
graduated  in  tenths  of  a  cc,  for  many  purposes.  5  and  10  cc.  blood 
pipettes,  made  according  to  my  specifications,  can  be  obtamed  from  the 
Emil  Greiner  Company,  55  Fulton  Street,  New  York. 
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occasionally  fails  to  go  into  the  silver  precipitate.  It  is,  of  course, 
essential  that  no  such  losses  shall  occur,  especially  when  the  pre- 
cipitation is  to  be  used  as  a  standard  control  process  for  checking 
the  results  of  the  direct  determination.  I  have  therefore  revised 
the  precipitation  process. 

The  silver  lactate  solution  should  be  prepared  as  follows:  Dis- 
solve 100  gm.  of  silver  lactate  in  about  700  cc.  of  warm  water. 
To  100  cc.  of  85  per  cent  lactic  acid  add  100  cc.  of  10  per  cent 
sodium  hydroxide.  Pom-  this  partly  neutralized  lactic  acid  into  the 
silver  lactate  solution,  dilute  to  1  liter,  and  set  aside  to  allow  the 
sediment,  always  present,  to  settle.  Use  only  the  clear  super- 
natant solution.  By  thus  neutralizing  a  part  of  the  lactic  acid, 
one  provides  for  any  excess  acidity  present  in  the  blood  filtrate  and 
also  for  traces  of  mineral  acids  which  may  be  present  in  some 
samples  of  silver  lactate  or  in  the  lactic  acid. 

For  some  reason,  the  nature  of  which  I  do  not  know,  it  is  neces- 
sary to  add  a  very  large  excess  of  silver  lactate  solution  in  order 
always  to  get  complete  precipitation  of  the  mic  acid.  The  2  cc. 
prescribed  by  Folin  and  Wu  are  not  adequate  to  secm-e  the  quanti- 
tative recovery  of  uric  acid  added  to  sheep  blood  filtrate. 

It  should  be  stated  that  the  precipitation  of  m-ic  acid  from 
ordinary  solutions  containing  a  little  sodium  cliloride  is  an  entirely 
different  proposition  from  that  of  precipitating  the  uric  acid 
from  blood  filtrates.  It  is,  in  fact,  very  doubtful  whether  it  is 
possible  to  get  100  per  cent  recovery  from  water  solutions  when 
the  uric  acid  and  the  sodium  chloride  content  correspond  to  the 
concentrations  found  in  blood  filtrates.  From  the  artificial 
solutions  I  get  the  best  recovery  (90  to  95  per  cent)  by  adding 
only  1  cc.  of  the  silver  lactate,  while  in  the  case  of  the  blood  filtrate 
100  per  cent  recovery  is  obtained  by  adding  7  cc.  of  the  silver 
reagent. 

To  isolate  the  uric  acid  from  the  blood  filtrate,  transfer  from 
2  to  5  cc.  (usually  5  cc.)  of  the  latter  to  a  centrifuge  tube.  With 
a  blood  pipette,  or  a  small  cylinder,  add  7  cc.  of  the  silver  lactate 
solution.  No  stirring  is  necessary  or  desirable.  Let  settle  for 
1  to  2  minutes,  and  then  centrifuge.  All  the  uric  acid,  down  to 
the  last  trace,  wiU  now  be  in  the  precipitate. 

Decant  the  supernatant  solution  as  completely  as  possible, 
and  add  1  cc.  of  a  10  per  cent  solution  of  sodiiun  chloride  in  tenth 
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normal  hydrochloric  acid.     Stir  thoroughly  with  a  fine  glass  rod; 
add  4  cc.  of  water  and  stir  again.     Centrifuge. 

Pour  the  supernatant  solution,  which  need  not  be  perfectly 
clear,  into  a  test-tube  graduated  at  the  25  cc.  mark.  Transfer 
5  cc.  of  the  standard  uric  acid  solution  to  another  similar  test- 
tube.  To  the  contents  of  each  tube  add  2  drops  of  lithium  sulfate, 
2  cc.  of  sodimn  cyanide,  and  1  cc.  of  the  uric  acid  reagent.  Shake 
a  moment  and  let  stand  for  2  minutes.  Then  heat  for  80  seconds, 
cool,  dilute  to  volume,  and  make  the  color  comparison  and  the 
calculation  as  in  the  direct  method. 

It  will  be  noted  that  the  preliminary  dilution  of  the  solution  with 
2  cc.  of  water  is  omitted  in  this  second  process.  That  extra 
dilution  is  prescribed  in  the  direct  determination  only  as  an 
added  precaution  agamst  the  formation  of  tm-bidity  during  the 
heating  process.  Personally  I  seldom  add  that  water  because 
I  can  nearly  always  avoid  precipitate  formation  without  it. 
The  addition  of  the  extra  water  diminishes  somewhat  the  depth  of 
the  color  obtained,  but  this  is  of  no  consequence  for  the  color 
produced  under  the  given  conditions  is  anyhow  much  deeper  than 
the  color  obtained  in  any  other  process. 


THE  COLORIMETRIC  ESTIMATION  OF  CYSTINE  IN 

URINE. 

By  JOSEPH  M.  LOONEY. 

{From  the  Biochemical  Laboratories  of  Harvard  Medical  School,  Boston.) 
(Received  for  publication,  July  25,  1922.) 

In  this  paper  I  shall  describe  an  application  of  the  method  for 
the  colorimetric  estimation  of  cystine  recently  advanced  from  this 
laboratory'  to  the  quantitative  determination  of  cystine  in  urine. 
The  following  procedure  was  devised  to  make  available  a  method 
for  the  study  of  a  series  of  cases  of  cystinuria  which  will  be  pub- 
lished in  another  paper. 

The  process  depends  on  the  fact  that  cystine  reacts  with  phos- 
photungstic  acid  in  the  presence  of  sodium  sulfite  to  give  a  deep 
blue  color.  Cystine  alone,  without  the  addition  of  sodium  sulfite, 
does  not  give  any  color  with  the  reagent.  Uric  acid  and  the  other 
urinary  constituents  which  reduce  phosphotungstic  acid  under 
certain  conditions,  which  will  be  given  in  detail  later,  give  the  same 
color  whether  sodium  sulfite  is  present  or  absent.  The  amount  of 
cystine  present  in  urine  is  estimated  by  determining  the  increase 
in  color  of  the  specimen  after  the  addition  of  sodium  sulfite. 

In  order  to  determine  the  effect  of  sodium  sulfite  on  the  color 
produced  by  xiric  acid  the  following  experiment  was  performed: 

1  mg.  of  uric  acid  was  placed  in  each  of  two  100  cc.  volumetric 
flasks,  and  20  cc.  of  saturated  sodium  carbonate  were  added  to 
both.  1  cc.  of  20  per  cent  lithium  sulfate  was  then  added  to  each 
flask  to  inhibit  the  formation  of  a  precipitate  of  the  reagent.  10  cc. 
of  20  per  cent  sodium  sulfite  were  added  to  the  first  flask  and  the 
solutions  in  both  flasks  were  well  shaken.  3  cc.  of  phosphotungstic 
acid  were  now  added  to  each  flask,  which  were  then  shaken  and 
allowed  to  stand  for  5  minutes,  and  were  then  diluted  to  volume, 
mixed,  and  read  in  the  colorimeter. 

1  Folin,  O.,  and  Looney,.J.  M.,  /.  Biol.  Chem.,  1922,  li,  427. 
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There  was  no  appreciable  difference  in  the  amount  of  color 
produced.  Various  repetitions  of  this  experiment,  in  which  the 
un(hluted  solutions  were  allowed  to  stand  for  different  periods  after 
the  addition  of  the  reagent  before  being  diluted  and  read,  showed 
that  the  sulfite  decreases  the  speed  of  reoxidations  so  that  the 
fading  in  the  flask  containing  the  sulfite  is  considerably  diminished. 

This  effect  does  not  appear  until  after  about  10  minutes  standing 
so  that  ample  time  is  given  to  read  the  solutions.  If  allowed  to 
stand  less  than  5  minutes  the  color  in  the  flask  which  is  free  from 
sulfite  is  less  than  that  in  the  other  flask. 

TABLE  I. 

Standard  2  cc.  of  urine  +  20  cc.  of  sodium  carbonate  +  10  cc.  of  sodium 
sulfite  set  at  20.0  and  read  against  2  cc.  of  urine  +  20  per  cent  sodium 
carbonate. 


Time  elapsed. 

Readings. 

Amount. 

Loss. 

min. 

per  cent 

0 

21.2 

0.94 

6.0 

2 

20.8 

0.96 

4  0 

6 

20.7 

0,96 

4  0 

8 

20.5 

0.9S 

2.0 

15 

21.3 

0.94 

6.0 

20 

21.7 

0.92 

SO 

25 

22.9 

0.87 

13.0 

45 

26.8 

0.75 

25.0 

60 

28.7 

0.70 

30.0 

The  same  effect  is  given  by  normal  urine  as  can  be  sho\s'n  by  the 
following  experiment : 

2  cc.  of  normal  urine  were  placed  in  each  of  two  100  cc.  volu- 
metric flasks.  To  the  first  of  these  were  added  20  cc.  of  saturated 
sodium  carbonate  and  10  cc.  of  20  per  cent  sodium  sulfite ;  to  the 
second  were  added  only  20  cc.  of  saturated  sodium  carbonate. 
Both  flasks  were  then  shaken  and  3  cc.  of  phosphotungstic  acid 
added,  after  which  the  flasks  were  again  shaken,  diluted  to  the 
mark,  and  well  mi.xcd. 

The  solution  containing  the  sulfite  was  used  as  the  standard  and 
the  second  solution  was  read  against  it  immediately  and  at 
intervals  for  1  hour  as  shown  in  Table  I. 
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The  maximum  color  obtained  from  the  urine  not  containing  the 
sulfite  was  only  2  per  cent  less  than  that  given  bj-  the  one  which 
contained  10  cc.  of  20  per  cent  sodium  sulfite  and  this  dilference 
may  be  assumed  to  be  due  to  cystine  present  in  normal 
urine.  The  amount  of  cystine  found  in  normal  urine  varies 
from  nothing  to  about  10  mg.  per  100  cc,  averaging  about  4  mg. 
per  100  cc. 

The  fact  that  the  addition  of  sulfite  does  not  alter  the  depth  of 
color  produced  by  uric  acid  contained  in  urine  allows  one  to  use  a 
solution  of  cystine  as  the  standard,  and  to  determine  the 
cystine  content  by  subtracting  the  cystine  equivalent  of  the 
urine  before  the  addition  of  sulfite  from  that  obtained  after  such 
addition. 

The  procedure  which  I  have  found  most  satisfactory  follows: 

The  standard  consists  of  a  solution  of  pure  cystine  in  5  per  cent 
suKuric  acid  made  up  to  contain  2  mg.  of  cystine  in  each  cc.  of 
solution.  This  standard  keeps  indefinitely.  1  cc.  of  standard 
solution  is  talcen  for  each  determination. 

1  cc.  of  standard  solution  containing  2  mg.  of  cystine  is  placed 
in  a  100  cc.  volumetric  flask,  20  cc.  of  saturated  sodium  carbonate, 
10  cc.  of  20  per  cent  sodium  sulfite,  and  1  cc.  of  20  per  cent  lithium 
sulfate  are  added  and  the  solution  is  well  mked. 

In  a  second  flask  from  1  to  10  cc.  (usually  2  cc.)  of  urine  are  plac- 
ed and  treated  in  a  similar  manner. 

In  a  third  flask  the  same  amount  of  urine  is  placed  and  treated 
as  above  except  that  no  sulfite  is  added. 

3  cc.  of  the  uric  acid  reagent  of  Folin  and  Denis  are  now  added 
to  each  flask  and  the  flasks  well  shaken.  After  standing  5  minutes 
the  solutions  are  diluted  to  volume  and  mixed.  The  solutions 
are  read  against  the  standard  set  at  20.0.  The  time  of  reading 
must  not  be  later  than  8  minutes  after  the  reagent  is  added 
and  for  this  reason  a  new  standard  must  be  prepared  for  each 
determination. 

The  amount  of  cystine  is  found  by  subtracting  the  amount  of 
reducing  substances  in  the  third  flasks,  calculated  in  mg.  of  cystine 
from  the  total  color-producing  substances  after  the  addition  of 
sulfite,  found  in  the  second  flask,  also  calculated  in  mg.  of  cystine. 

An  example  will  make  this  clear. 
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standard  2 .0  mg.  cystine  set  at  20  0. 


Reading. 
5  cc.  of  urine  with       sodium  sulfite        14.0        ^-^  =  2.86  mg.  cystine. 

20  X  2 
5""       "without       "  "  18.2        ^  =  2.20"  " 

Cystine  content  of  5  cc.  urine  =  0.06  mg. 


In  certain  cases  in  which  there  is  much  cystine  it  may  be  neces- 
sary to  use  a  different  mnount  of  urine  for  the  blank  and  total 
color  readings  so  that  the  readings  may  come  between  the  usual 
limits  of  13.0  and  27.0.  It  is  then  necessary  to  reduce  both 
amounts  to  the  same  quantity  of  urine  before  subtracting. 

When  the  urine  is  so  concentrated  that  cystine  is  precipitated 
it  is  necessary  to  separate  the  precipitate  from  the  solution  by  the 
help  of  a  centrifuge  or  by  filtering.  The  precipitate  is  dissolved 
in  a  smaU  amount  of  5  per  cent  sulfiu-ic  acid  and  diluted  to  a 
definite  volume.  The  two  solutions  are  determined  separately 
and  the  amounts  combined  to  give  total  quantity. 

That  this  method  is  accurate  may  be  seen  from  the  following 

experiment: 

370  cc.  of  normal  urine  were  placed  in  a  strong  flask  and  500 
mg.  of  cystine  were  added.  The  flask  was  placed  in  a  shaking 
machine  and  agitated  for  3  hom-s.  The  solution  was  then  centri- 
fuged  and  the  precipitate  dissolved  in  5  per  cent  suKuric  acid  and 
then  diluted  to  200  cc. 

2  cc.  of  the  clarified  urine  were  then  taken  and  the  amount  of 
cystine  was  estimated  according  to  the  procedure  given  above. 


Standard  2  mg.  cystine 

set  at  20.0. 

Reading. 

2  cc.  urine  with        sulfite        14.5 

20  0 

=  1 .38  mg.  per  cc. 

14.. 5 

2    "      "     without      "             17.3 

20.0  _  ^  ^g    „      „      ., 
17.3 

1  cc.  urine  contains   0.22  mg.  cystine. 
370  "       "  "         81.4     " 

1  cc.  of  the  solution,  containing  the  precipitate,  was  then 
estimated   in    a   corresponding   manner. 
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Standard  2  mg.  cystine  set  at  20.0. 


Reading. 
1  cc.  of  solution  with        sulfite        19.0        20.0  X  2  =  2.10  mg. 
X   "    "        "  without     "  No  color.  0.00 

1  cc.  of  solution  contains    2.10  mg.  cystine. 
200  "     "         "  "       420.0       " 

Urine  filtrate  "        81.4       " 


Cystine  taken 


501.4 
500.0 


If  the  urine  contains  albiuniii  it  must  be  removed  before  at- 
tempting to  estimate  the  cystine.  For  this  purpose  I  find  that 
trichloroacetic  acid  gives  good  results  and  does  not  interfere  with 
the  subsequent  estimation  of  cystine. 

The  procedure  adopted  to  procure  a  protein-free  filtrate  is  as 
follows:  Accurately  measure  50  cc.  of  urine  into  a  100  cc.  volume- 
tric flask,  add  5  cc.  of  20  per  cent  trichloroacetic  acid,  fill  to  mark 
with  distilled  water,  stopper,  and  shake  vigorously.  Filter 
through  a  dry  filter  paper  into  a  clean  dry  flask. 

The  figure  obtained  for  this  filtrate  multiplied  by  2  gives  the 
amount  for  the  untreated  urine. 

The  results  in  Table  II  were  obtained  on  normal  urines  to  which 
known  amormts  of  cystine  had  been  added.  The  last  three  urines 
had  also  been  treated  by  the  addition  of  egg  albumins. 


T.\BLE 

II. 

No. 

Cystine  added. 

Cystine 
recovered. 

Remarks. 

mg.  per  cc. 

mg.  per  cc. 

1 

0.50 

0.51 

2 

0.50 

0.52 

3 

1.00 

1.03 

4 

1.50 

1.46 

5 

1.50 

1.48 

6 

0.50 

0.47 

Albumin  removed  as  described. 

7 

0.25 

0.24 

tc                         It              tc                 (t 

8 

1.00 

0.98 

t(                  it          (t            it 

ON  THE  PROTEOLYTIC  ENZYMES  OF  THE  SPLEEN. 

By  S.  G.  HEDIN. 

(From    the   Laboratory    of   Physiological  Chemistry,   University  of  Upsala, 

Upsala,  Sweden.) 

(Received  for  publication,  January  20,  1922.) 

INTRODUCTION. 

Since  Salkowski  in  1890  called  attention  to  the  fact  that  animal 
organs,  when  kept  at  37°  with  antiseptics,  undergo  a  change  more 
or  less  similar  to  the  digestion  of  proteins  in  the  alimentary 
canal,'  several  investigators  have  been  working  along  the  same 
lines.  Schwiening^  found  that  Na^COs  checks  the  process  and 
Bondi'  observed  a  favorable  influence  of  HCl  upon  it  in  the  case 
of  the  liver,  which  Rowland  and  I  found  to  be  the  case  with  all 
the  organs  tried  by  us  except  the  pancreas.*  The  process  is 
generally  called  autolysis.  Working  with  the  spleen  I  found 
that  this  organ  contains  two  proteolytic  enzymes;  one  of  them 
acting  principally  in  an  acid  medium  03-protease)  and  one  acting 
mainly  in  an  alkaline  medium  (a-protease)  .^  The  latter  could 
not  be  properly  shown  unless  the  spleen  had  been  previously 
digested  v/ith  a  weak  acid.  The  products  obtained  by  the  action 
in  an  acid  medium  were  studied  by  Leathes,"  who  was  able  to 
isolate  several  amino-acids,  and  Cathcart'  who  was  able  to  isolate 
amino-acids  from  the  products  resulting  from  the  action  of  the 
a-proteasc.  More  recently  the  proteolytic  enzjTues  of  the  spleen 
have  been  studied  by  Morse,*  who  confirmed  the  results  of  Hedin 

1  Salkowski,  E.,  Z^  hlin.  Med.,  1S90,  xvii,  suppl.,  77. 
'  Schwiening,  H.,  Virchows  Arch.  path.  Anal.,  1894,  cxxxvi,  444. 
3  Bondi,  C,  Virchows  Arch.  path.  Anal.,  1896,  cxliv,  373. 
*  Hedin,  S.  G.,  and  Rowland,  S.,  Z.  physiol.  Chem.,  1901,  xxxii,  341,  531. 
'  Hedin,  S.  G.,  J.  Physiol.,  1904,  xxx,  155. 
»  Leathes,  J.  B.,  /.  Physiol.,  1902,  xxvii,  360. 
'  Cathcart,  E.  P.,  /.  Physiol.,  1904-05,  xxxii,  299. 
«  Morse,  M.,  J.  Biol.  Chem.,  1917,  xxxi,  303. 
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but  pointed  out  that  the  a-protease  does  not  affect  native  proteins. 
Dcrnby,'  who  Hkewise  confirms  the  existence  of  two  enzj-mes, 
finds  in  all  tissues  "proteolj-tic  enzj-mes  of  the  tj-pe  of  trjijsin 
or  erepsin  that  attack  only  peptones  or  peptides"  and  have  their 
optimal  action  at  pH  7.8;  in  addition  he  assumes  the  "existence 
of  pepsin-hke  enzj-mes,  which  spUt  native  proteins  to  peptones 
but  not  further"  and  have  their  optimal  action  at  pH  3.5. 

EXPERIMEXT.M,. 

In  all  my  experiments  it  has  been  veiy  useful  at  first  to  act 
upon  the  spleen  substance  -s^-ith  an  acid,  either  added  to  the 
spleen  mass  or  formed  dming  digestion.  As  will  be  seen  later  on 
a  larger  quantity  of  the  enzj-mes  is  obtained  through  the  action 
of  a  proper  amount  of  acid,  and  in  addition  a  ver\-  strong  pro- 
teolj-tic  acti\-ity  sets  in  when  the  acid  is  present  and  the  undis- 
solved substance  can  easily  be  filtered  off  and  washed.  ^Yithout 
the  previous  action  of  the  acid  it  is  indeed  \ery  difficult  to  bring 
about  any  filtration  of  the  spleen  mass  at  all.  I  have  carried  out 
the  treatment  with  acid  and  the  subsequent  extraction  of  the 
enzymes  in  the  following  way. 

100  gm.  of  minced  ox  spleen  are  mixed  with  300  gm.  of  water  and  2.25  cc. 
of  20  per  cent  acetic  acid.  Chloroform  and  toluene  are  added  to  prevent 
bacterial  action.  After  about  24  hours  at  37°  the  contents  of  the  bottle  are 
filtered;  Filtrate  A  is  kept  for  further  investigation,  and  the  residue  is 
thoroughly  washed  with  water.  Then  the  residue  is  mixed  with  150  cc. 
of  a  casein  solution,  obtained  by  dissolving  20  gm.  of  casein  (Hammar- 
sten)  in  400  cc.  of  water  +  lOOcc.of  0.1  xXaOH.  Chloroform  and  toluene 
are  again  added  and  the  whole  is  digested  for  24  hours  at  37°  and  then 
filtered.  Filtrate  B  is  investigated  in  the  manner  described  below.  The 
residue  is  thoroughly  washed  and  then  extracted  with  5  per  cent  XaCl 
solution  at  37°  for  24  hours.  Then  the  solution  is  filtered  off  and  added 
with  30  gm.  of  Am.SO*  to  100  cc.  of  solution.  The  precipitate  formed  on 
the  addition  of  the  salt  is  filtered  off  and  dialyzed  after  the  addition  of 
water.  When  the  Am^SO,  has  been  nearly  compktely  removed,  the 
fluid  is  filtered  from  the  undissolved  proteins,  the  residue  on  the  filter  is 
dissolved  in  as  little  NaOH  as  possible  and  forms  after  filtration  Solution 
C  (to  be  described  later  on). 

The  above  technique  makes  it  possible  to  a  certain  extent  to 
separate  the  different  enzjTnes  contained  in  the  spleen  mass.     In 

»  Demby,  K.  G..  J.  Biol.  Chem.,  1918,  xxxv,  179. 
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addition  to  the  two  enzymes,  a-  and  |3-protease  which  I  found 
before,  I  have  been  able  to  demonstrate  in  the  spleen  the  presence 
of  erepsin.  The  method  of  investigation  just  described  is  shown 
in  the  following  scheme. 

Minced  spleen  is  digested  with  acetic  acid. 


r  '  I 

Filtrate  A  contains  all  enzymes.  Residue  is  extracted  with  casein 

>  solution. 


r 1 

Casein  extract  B  mainly  contains  Residue  is  extracted  with  NaCl 

^-protease  and  erepsin.  solution.    Solution  C  obtained 

as  indicated    above    contains 
mainly  a-protease. 

Enzyme  Action  of  Casein  Extract  B. 

The  action  of  the  extract  upon  casein  was  carried  out  with 
specimens  made  up  in  the  following  way: 

20  cc.  of  casein  extract  +  25  cc.  of  casein  solution  +  varying  amounts 
of  0.1  N  NaOH  or  of  0.2  n  HCl.  Water  was  added  to  such  an  amount 
that  the  volumes  of  the  specimens  belonging  to  the  same  series  were  the 
same.  The  digestion  lasted  3  days  at  37°;  then  it  was  interrupted  by 
adding  35  cc.  of  tannic  acid  solution.'"  After  1  night  the  specimens  were 
filtered,  50  cc.  of  filtrate  were  taken  for  N  determination  and  the  result, 
expressed  in  cc.  of  0.1  n  acid,  after  deduction  of  the  figure  obtained  from 
the  control  specimen  with  boiled  casein  extract,  was  calculated  for  the 
whole  volume  of  the  specimens.  The  figures  obtained  in  this  way  are 
recorded  in  Table  I.  The  casein  solution,  before  being  used  for  the  extrac- 
tion, shows  an  approximately  neutral  reaction,  pH  being  6.94;  the  casein 
extract  is  decidedly  more  acid,  pH  being  6.5.  The  pH  in  this  as  well  as 
in  all  the  following  experiments  was  determined  by  the  electrometric 
method  (18°). 

The  figures  of  the  controls,  corresponding  to  the  digestion  dur- 
ing the  extraction  with  casein,  were:  Experiment  1  =  34.45, 
Experiment  2  =  24.95,  Experiment  3  =  32.15,  Experiment  4  = 
30.95,  and  Experiment  5  =  32.15. 

1"  The  casein  solution  was  made  up  as  described  on  page  178  and  the 
tannic  acid  solution  contained  100  gm.  of  tannic  acid,  50  gm.  of  sodium 
acetate,  50  fern,  of  NaCl,  and  50  cc.  of  glacial  acetic  acid  in  1  liter. 
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As  can  be  seen,  the  strongest  digestion  took  place  in  the  speci- 
mens with  2  cc.  of  HCl.  In  two  experiments  the  concentration  of 
the  H  ions  was  determined  in  the  specimens  with  the  strongest 
action  and  pH  was  found  5.7  for  Experiment  4  and  5.45  for 
Experiment  5.  In  the  specimen  without  NaOII  and  HCl,  pH 
equalled  6.7  and  in  the  one  with  2  cc.  of  NaOH,  it  equalled  7.3. 
In  the  specimen  with  15  cc.  of  HCl,  pH  corresponds  to  the  value 
1.96.  Consequently  the  casein  extract,  when  acting  upon  casein, 
shows  its  maximum  effect  in  a  weakly  acid  medium.     The  action ' 


TABLE  I. 

Experiment. 

1 

2 

3 

4 

5 

cc. 

NaOH  4 

1.8.5 

3 

2.55 

o 

6.05 

7.3 

10.0 

2.65 

1 

10.00 

10.8 

14.15 

2.90 

0 

16.85 

14.3 

18.45 

15.85 

5.20 

HCl  1 

30.15 

19.1 

27.25 

25.4 

10.2 

2 

34.45 

20.95 

30.6 

28.6 

13.6 

3 

32.65 

20.8 

27.25 

25.1 

13.6 

4 

20.70 

18.7 

21.35 

20.45 

11.65 

5 

19.15 

19.35 

6 

19.1 

7 

18.25 

8 

16.4 

9 

14.4 

10 

11.0 

11.95 

15 

0.3 

in  an  alkaline  medium  is  much  weaker  and  in  a  medium  most 
favorable  for  the  action  of  pepsin  (pH  2)  it  has  no  effect  at  all. 
The  determination  of  pH  was  always  carried  out  before  the  diges- 
tion; the  change  of  pH  taking  place  in  the  course  of  the  digestion 
has  turned  out  to  be  very  small,  the  casein  present  acting  as  a 
buffer.  In  some  experiments  pH  was  determined  before  and 
after  the  digestion.  The  results  are  recorded  in  Table  II  at  the 
same  time  giving  the  amount  of  digestion  determined  as  above. 

There  can  hardly  be  any  doubt  that  the  action  of  the  casein 
extract  upon  casein  which  has  its  maximum  effect  in  a  weakly 
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acid  medium,  depends  mainly  upon  the  presence  of  the  ^-protease 
described  by  the  author.  But  it  is  quite  possible  that  other 
enzymes  are  present  as  well.  Since  there  is  always  some  action 
in  a  weakly  alkaline  medium  some  a-protease  may  be  present. 
In  order  to  test  whether  there  is  any  erepsin  I  tried  the  action  of 
the  casein  extract  upon  Witte's  peptone.  I  removed  from  the 
peptone  the  bulk  of  the  products  not  precipitable  by  tannic  acid, 
in  the  following  way:  20  gm.  of  Witte's  peptone  were  dissolved 
in  500  cc.  of  water  and  the  solution  after  neutrahzation  with  HCl 
was  dialyzed  for  3  days  against  tap  water.  Then  the  solution 
was  heated  on  the  water  bath  for  |  hour,  filled  up  to  650  cc, 
and  filtered.  The  reaction  is  now  weakly  alkaline,  pH  being 
about  7.5.     The  experiments  with  peptone  were  carried  out  in 

TABLE  II. 


Before  digestion. 

After  digestion. 

Amount  of  digestion. 

7.55 

7.55 

7.1 

7.55 

7.58 

5.1 

7.10 

7.12 

8.2 

6.60 

6.57 

13.35 

6.61 

6.54 

11.45 

6.08 

6.06 

23.0 

6.08 

6.01 

14.9 

the  same  way  as  those  with  casein  except  that  25  cc.  of  peptone 
solution  were  added  instead  of  25  cc.  of  casein  solution.  In  order 
to  study  the  effect  of  the  same  casein  extract  upon  casein  and 
upon  peptone  the  following  experiment  was  carried  out.  The 
specimens  contained  20  cc.  of  casein  extract  +  25  cc.  of  casein 
or  peptone  solution  +  5  cc.  made  up  of  the  recorded  amount  of 
0.1  N  NaOH  or  0.2  n  HCl  and  of  water.  The  digestion  lasted 
3  days  at  37°.  To  the  casein  specimens  35  cc.  and  to  the  peptone 
specimens  30  cc.  of  tannic  acid  were  added.  Of  the  former 
specimens  50  cc.  of  filtrate  and  of  the  latter  G5  cc.  were  taken 
for  a  N  determination.  The  control  specimen  gave  with  casein 
the  value  32.1  and  with  peptone  53.55.  After  deduction  of  these 
values  the  results  were  as  given  in  Table  III. 

From  these  figures  it  can  be  seen  that  the  strongest  action 
took  place  upon  casein  in  an  acid  mechum  (pH  5.45)  and  upon 
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peptone  in  an  alkaline  one  (pH  7.5).  The  action  upon  casein  in 
an  alkaline  medium  was  very  weak  and  in  all  probability  it  was 
due  to  a  small  amount  of  a-pro tease  being  present.  From  this 
experiment  it  must,  I  believe,  be  inferred  that  the  casein  extract 
contains  in  addition  to  the  /3-protease  acting  most  strongly  upon 
casein  in  an  acid  medium,  an  enzyme  hardly  acting  upon  casein 
at  all  but  easily  splitting  up  peptone;  this  action  is  most  marked 
in  an  alkaline  medium.  In  all  probability  this  enzj-me  must  be 
termed  an  erepsin,  although  it  differs  from  the  erepsin  found  by 
Cohnheim  in  the  mucous  membrane  of  the  intestine  inasmuch  as 
this  enzj^me  acts  upon  casein  as  well  as  upon  peptone.     Further 

TABLE  III. 


Casein. 

Peptone. 

cc. 

NaOH4 

1.85 

3 

2.55 

20.00 

2 

2.65 

19.90  (pH7.5) 

1 

2.90 

19.60 

0 

5.20 

18.80 

HCll 

10.20 

16.65 

2 

13.60  (pH5.45) 

13.35 

3 

13.60 

11.90 

4 

11.65 

10.70 

5 

10.15 

evidence  of  the  existence  of  the  erepsin  in  the  spleen  substance 
will  be  given  later  on  in  this  paper. 

Vernon  first  called  attention  to  the  existence  of  ereptic  enzymes 
in  animal  tissues  other  than  the  intestine  and  pancreas"  and 
lately  Dernby'  has  showed  that  several  organs  spUt  up  peptone, 
but  he  did  not  decide  whether  this  action  was  due  to  an  erepsin 
or  to  a  trj'ptic  enzjTne. 


Enzyme  Action  of  Solution  C. 

The  experiments  on  the  action  upon  casein  were  carried  out 
with  10  cc.  of  Solution  C  +  25  cc.  of  casein  solution  in  addition 
to  4  cc.  made  up  of.  the  recorded  volumes  of  0.1  n  NaOH  or  0.2  n 

"  Vernon,  H.  M.,  J.  Physiol.,  1904-05,  xxxii,  33. 
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HCl  and  of  water.     The  results  of  two  series  of  experiments  are 
recorded  in  Table  IV. 

The  values  of  pH  obtained  from  the  corresponding  specimens 
of  the  two  series  are  not  quite  the  same,  because  the  amount  of 
NaOH  used  for  the  preparation  of  Solution  C  was  not  and  could 
not  be  exactly  the  same  in  the  two  cases.  It  is  quite  evident 
from  these  two  series  that  Solution  C  has  its  strongest  action 
upon  casein  in  a  medium  decidedly  alkaline,  pH  being  8.8  to 
8.9.  Solution  C,  therefore  mainly  contains  the  a-protease  pre- 
viously found  by  me.  From  the  way  in  which  Solution  C 
was  obtained  it  can  be  seen  that  the  a-protease  adheres  to  pro- 
teins, that,  like  globulins,  are  soluble  in  dilute  NaCl  solutions, 


TABLE  IV. 

Series. 

I 

II 

cc. 

NaOH4 

16.1      (pH8.88) 

3 

15.95    (pH8.57) 

7.4    (pH8.79) 

2 

14.9 

7.35  (pH  8.29) 

1 

13.7 

7.0 

0 

11.95 

6.25  (pH7.35) 

HCll 

10.35 

5.6    (pH6.50') 

2 

6.5      (pH5.73) 

4.2    (pH5.90) 

3 

3.35 

not  soluble  in  water,  but  soluble  in  alkaU.  I  have,  therefore, 
tried  to  extract  the  enzjine  from  the  residue  obtained  after 
the  treatment  of  the  spleen  mass  with  acetic  acid,  by  the 
aid  of  MgO  suspended  in  water.  After  24  hours  at  37°  the 
mass  was  filtered  and  the  pH  of  the  filtrate  was  found  to  be 
9.23.  This  solution  showed  its  maximum  action  upon  casein  at 
about  pH  5.5.  Therefore,  the  alkaline  solution  obtained  with 
MgO  was  precipitated  with  acetic  acid,  the  precipitate  was  filtered 
off  and  dissolved  in  as  little  NaOH  as  possible.  Then  with  this 
solution  and  casein  in  the  way  described  above  the  results  shown 
in  Table  V  were  obtained. 

The  maximum  effect  was  therefore  obtained  at  the  same  pH 
as  above  with  Solution  C  and  the  a-protease  was  evidently 
present  in  the  solution  tried. 
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In  ray  work  on  the  spleen  enzymes  already  referred  to  (page  177) 
I  pointed  out  that  the  a-protease  is  checked  in  its  action  by  the 
serum  albumin  of  the  serum,  the  /3-protease  not  being  checked. 
With  the  enzyme  solutions  obtained  as  above  I  have  carried  out 
experiments  on  this  question.  Specimens  were  prepared  con- 
taining 10  cc.  of  Solution  C  +  5  cc.  of  serum  albumin  (ox)  +25  cc. 
of  casein  solution  +3  cc.  of  0.1  n  NaOH.  The  control  contained 
5  cc.  of  serum  albumin  boiled  on  the  water  bath  for  30  minutes. 
The  experiments  were  carried  out  as  above.     In  one  experiment, 

T.^BLE  V. 


CC. 

NaOH  5 

2.45 

4 

4.40 

3 

6.25  (pHS.SO) 

2 

4.95 

1 

4.15 

0 

3.85 

HCl  1 

4.65 

2 

4.25 

3 

3.75 

where  the  pH  of  the  above  specimen  was  8.57,  the  figures  obtained 
were: 

Serum  albumin,  not  heated 3.7 

"  "  heated 11.0 

The  inhibiting  action  of  the  serum  albumin  used,  therefore, 
corresponds  to  7.3.  In  another  experiment  the  pH  was  9.10  and 
the  figures  were : 

Serum  albumin,  not  heated 3.45 

heated 9.45 

The  inhibiting  action,  therefore,  corresponded  to  G.O.  In 
another  experiment  with  Solution  C,  HCl  was  added  instead  of 
NaOH  and  to  such  an  amount  that  the  pH  of  the  specimen 
was  5.7: 

Serum  albumin,  not  heated 2. 1 

heated ' 3.7 
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The  inhibiting  action  was,  therefore,  1.6.  In  these  experiments 
on  the  inhibiting  action  of  the  serum  albumin  the  enzj'me  checked 
was  a-protease,  this  enzyme  being  checked  in  alkaline  and  in 
acid  media.  As  I  have  found  before,  the  inhibiting  substance 
of  the  serum  is  destroyed  by  the  action  of  acid;  but  for  such  a  de- 
struction rather  a  strong  action  of  the  acid  is  required,  and  when 
the  inhibiting  substance  has  already  been  acting  upon  the  enzyme, 
no  enzyme  can  be  liberated  by  a  subsequent  action  of  an  acid.'^ 

Solution  C  exercises  some  action  upon  Witte's  peptone  as  well 
as  upon  casein,  this  action  being  checked  by  serum  albumin.  In 
one  experiment  the  following  figures  were  obtained.  The  speci- 
mens were  made  up  as  in  the  experiments  with  casein,  peptone 
being  substituted  for  casein. 


Experiment  with 

Peptone. 

Casein. 

Serum  albumin,  not  heated        

3.08 
5.85 

3  6 

heated  

6  4 

In  all  my  experiments  on  the  influence  of  serum  albumin  upon 
the  enzyme  action  of  Solution  C,  I  observed  an  inhibiting  influence 
of  the  serum  albumin.  When  I  tiied  the  influence  of  the  serum 
albumin  upon  the  action  of  the  /3-protease  or  the  erepsin,  I  found 
either  no  influence  or  a  weak  one.  In  the  cases  of  a  weak  inhibit- 
ing action  I  thought  this  was  due  to  the  enzyme  solution  tried, 
containing  some  a-protease. 

Althougii  the  a-protease  in  all  probability  possesses  the  power 
of  splitting  peptone,  it  is  able  to  cany  out  the  beginning  of  the 
splitting  process  of  casein  to  a  greater  extent  than  the  end  of  the 
same  process;  this  is  borne  out  by  the  fact  that  the  a-protease 
and  the  erepsin,  when  acting  together  upon  casein,  digest  the 
same  to  a  greater  extent  than  they  both  do  when  acting  separately. 
This  can  be  seen  from  the  following  experiment,  where  the  a- 
protease  is  represented  by  Solution  C  and  the  erepsin  by  Filtrate  A 
(strongly  dialyzed)  which  sometimes  contains  rather  a  large 
amount  of  this  enzyme  and  only  a  little  a-protease. 

"  Hedin,  S.  G.,  Festskrift  Olof  Hammarsten,  Upsala  Ldkaref.  Fork., 
suppL,  1906,  xi. 
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No. 

1 

2 
3 

4 


10  cc.  of  Solution  C+  10  cc.  of  Filtrate  A  +  25  cc.  of  casein  +  4  cc. 

of  0. 1  N  NaOH 

10  cc.  of  Solution  C  +  10  cc.  of  Filtrate  A  heated  +  25  cc.  of 

casein  +  4  cc.  of  0. 1  n  NaOH 

10  cc.  of  Solution  C  heated  +   10  cc.  of   Filtrate  A   +   25  cc. 

of  casein  +  4  cc.  of  0. 1  n  NaOH 

Control  with  Solution  C  and  Filtrate  A  heated 


pH 


9.07 

9.07 

9.07 
9.07 


3  days  at  37°;  35 

cc.  of  tannic  acid  solution 

;  50  cc.  of  filtrate 

No. 

Figures  obtained. 

Control  (l.n  deducted. 

1 
2 
3 
4 

18.5 
9.4 
2.0 
1.1 

17.4 
8.3 
0.9 

The  figures  obtained  from  the  separate  action  of  both  enzymes 
being  8.3  and  0.9,  the  sum  of  these  (9.2)  is. far  exceeded  by  the 
figure  17.4  representing  the  common  action  of  both  enzymes. 
This  experiment  shows  at  the  same  time  that  the  a-protease  alone 
exercised  rather  a  strong  action  upon  casein  and  the  erepsin 
alone  hardly  any  at  all.  Another  experiment  showed  that  the 
erepsin  solution  readily  acted  upon  Witte's  peptone: 


No. 
1 


10  cc.  of  Filtrate  A  +  25  cc.  of  peptone  +  2  cc.  of  0.1  n  NaOH 
10"     "         "        A  heated  +25  cc.  of  peptone +2  cc.  of  0.1  N  NaOH 


After  digestion  as  above  the  following  figures  were, obtained: 


No. 

Figures  obtained. 

Control  (9.95)  deducted. 

1 

2 

19.10 
9.95 

Effect  =  9.15 

In  another  experiment  with  a-protease  and  erepsin,  casein 
extract  B  was  used  as  erepsin  solution.  The  figures  were,  after 
deduction  of  the  control  value: 

14  4 
a-Protease  +  erepsin \- 

"  alone ' ' 

,.        .       ,  1.6 

Lrepsin  alone 
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Further  Experiments  on  Filtrate  A. 

In  addition  to  erepsin,  Filtrate  A  contains  mainly  /3-protease 
and  varying  amounts  of  a-protease.  In  the  following  experi- 
ments, Filtrate  A  was  half  saturated  with  Am2S04  by  adding 
30  gm.  of  this  salt  to  100  cc.  of  fluid.  The  precipitate  formed 
was  filtered  off  and  dialyzed  with  as  little  water  as  possible  till 
the  salt  was  removed.  The  solution  thus  obtained  was  used  for 
determining  the  action  upon  casein  at  different  values  of  pH. 
Each  specimen  contained  20  cc.  of  enzyme  solution  +  25  cc.  of 
casein  solution  +5  cc.  made  up  of  water  and  0.1  n  NaOH  or  0.2  n 
HCl.     The  figures  obtained  were : 


Experiment  1. 

Experiment  2. 

rc. 

NaOH  5 

4.35  (pH9.79) 

1.8 

(pH9.72) 

4 

5.6 

4.25 

3 

7.22 

12.3 

2 

19.4 

(pH8.19) 

1 

8.41 

24.2 

(pH7.56) 

0 

8.5 

29.15 

(pH7.25) 

HCl  1 

11.20  (pH6.43) 

38.25 

(pH6.36) 

2 

9.85 

33.3 

(pH5.85) 

3 

8.85 

29.6 

4 

6.65 

23.95 

5 

4.40 

In  these  series  the  strongest  action  is  obtained  in  a  medium 
slightly  less  acid  (pH  6.4)  than  in  the  experiments  with  the  casein 
extract  recorded  above.  This  may  be  due  to  the  solution  con- 
taining more  a-protease  than  the  casein  extract,  as  shown  by 
rather  a  strong  digestion  taking  place  in  an  alkaline  medium, 
particularly  in  Experiment  2. 

I  have  tested  the  influence  of  acid  upon  the  enzjanes  present 
in  Filtrate  A  in  the  following  way.  The  filtrate  derived  from 
1,000  gm.  of  ox  spleen  was  precipitated  by  adding  500  gm.  of 
Am2S04  to  1  liter  of  filtrate,  whereupon  the  precipitate  was 
filtered  off  and  dialyzed  free  from  salt.  The  solution  was  then 
diluted  with  water  to  1,000  cc.  The  enzyme  solution  thus  ob- 
tained was  treated  with  acid  in  such  a  way  that  100  cc.  of  solution 
were  kept  with  15  cc.  of  0.2  n  HCl  at  room  temperature  for 
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24  hours  (pTI  2.04).  This  solution  gave  no  action  upon  casein 
either  in  an  alkaline  or  in  an  acid  medium  nor  did  it  act  upon 
peptone  in  an  alkaline  medium  and,  therefore,  the  three  enzymes 
had  been  completely  destroyed  by  the  action  of  the  acid. 

The  treatment  with  acid  was,  therefore,  repeated  with  less 
acid:  100  cc.  of  solution  +  10  cc.  of  0.2  n  HCl  (pH  3.25)  were 
kept  at  room  temperature  for  24  hours  and  then  20  cc.  of  0.1  N 
NaOH  were  added  (A).  In  the  control  specimen  100  cc.  of  solu- 
tion were  mixed  %vith  10  cc.  of  acid  and  20  cc.  of  NaOH  and  kept 
for  24  hours  at  room  temperature  (B).  The  specimens  for  diges- 
tion were  prepared  as  follows: 


No. 


(10  A  +  10  B)  heated  +  25  casein  solution  +  3  NaOH 
10  A  (heated)  +  10  B  +  2.5        "  "        +3 

(10  A  +  10  B)  heated  +  2,5        "  "        -h  3 

(10  A  -I-  10  B)        "       +  25  peptone  solution  +  3  NaOH 
10  A  (heated)  +  10  B  +  25         "  "        +  3       " 

(10  A  +  10  B)  heated  -^  25  "  "        +  3       " 

(10  A  +  10  B)        "       +  25  casein  solution  +  2  HCl 
10  A  (heated)  +  10  B  +  25        "  "        +  2    " 

(10  A  +  10  B)  heated  +  25        "  "        +2    " 


pH 


8.2 


8.3 


5.8 


3  days  at  37°;  30  cc.  tannic  acid ;  50  cc.  filtrate. 


The  figures  obtained  were : 


No. 

After  deduction  of  controls 

1 

3.35 

1.2 

2 

9.2 

7.05 

3 

2.15 

4 

10.9 

1.5 

5 

24.7 

15.3 

6 

9.4 

7 

11.60 

9.5 

8 

20.65 

18.55 

9 

2.1 

In  another  experiment  with  the  same  enzyme  solution  the 
amount  of  acid  used  was  5  cc.  and  the  amount  of  NaOH,  10  cc. 
The  digestion  was  carried  out  in  the  same  way  as  above  and  the 
figures  obtained  were: 
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No. 

After  deduction  of  controls. 

1 

7.85 

5.35 

2 

9.95 

7.45 

3 

2.5 

4 

22.4 

12.85 

5 

25.2 

15.65 

6 

9.55 

7 

20.5 

18.05 

8 

21.0 

18.55 

9 

2.45 

As  can  be  seen  from  these  experiments,  the  a-protease  and  the 
erepsin  were  weakened  by  the  action  of  5  cc.  of  0.2  n  HCl  to 
100  cc.  of  sokition  while  the  )3-protease  was  hardly  affected  at  all. 
By  the  action  of  10  cc.  of  acid  (pH  3.25)  the  two  former  enzymes 
were  almost  completely  destroyed  and  the  latter  was  evidently 
somewhat  weakened. 

The  experiment  with  10  cc.  of  acid  to  100  cc.  of  enzyme  solu- 
tion was  therefore  repeated  and  the  action  of  the  resulting  solu- 
tions, A  and  B,  upon  casein  and  peptone  was  tested  at  a  different 
pH.  Each  specimen  contained  10  cc.  of  enzj-me  solution  (A  or 
B)  -1-  25  cc.  of  casein  (or  peptone)  solution  +  5  cc.  made  up  of 
the  recorded  amount  of  0.1  n  NaOH  or  0.2  n  HCl  and  water. 
The  digestion  lasted  3  days  at  37°,  30  cc.  of  tannic  acid  were 
added  and  50  cc.  of  filtrate  were  taken  for  N  determination.  The 
controls  with  casein  gave  for  A  and  B  the  figures  3.1  and  0.95 
and  those  with  peptone,  11.25  and  8.75.  After  deduction  of  these 
values  the  results  were : 


Ca.sein. 

Peptone. 

A 

B 

A 

B 

cc. 

NaOH  4 

1.65 

5.4 

2.65 

18.95 

3 

2.5 

9.35 

3.55 

19.7 

2 

3.15 

12.85 

4.5 

19.85  (pH  8.46) 

1 

3.0 

15.5 

5.25 

19.55 

0 

4.95 

19.85 

G.7 

19.6 

HCll 

10.7 

26.0    (pH  6.. 32) 

8.8 

17.75 

2 

14.1    (pH5.24) 

25.5 

10.85 

3 

13.9 

21.15 

11.25(pH  4.34) 

16.25 

4 

12.5 

19.85 

10.75 

14.75 

5 

11.75 

17.15 

9.55 

13.45 

190  Proteolytic  Enzymes  of  the  Spleen 

These  figures  show  that  without  preceding  treatment  with  acid 
(B)  the  strongest  action  took  place  upon  casein  in  a  weakly  acid 
medium  (pH  G.32)  and  upon  peptone  in  a  decidedly  alkaline 
medium  (pH  8.46) .  By  the  treatment  with  acid  (A)  the  reaction 
most  favorable  for  the  action  upon  casein  was  somewhat 
moved  to  the  acid  side  (pH  5.24)  and  the  pH  most  favorable  for 
the  action  upon  peptone  was  moved  from  the  alkaline  side  to  the 
acid  one  (pH  4.34).  The  treatment  with  acid  in  all  probabilitj- 
affects  all  the  three  enzymes  but  the  effect  upon  the  erepsin  in 
this  case  is  the  most  striking.  In  addition  we  find  from  the  figures 
obtained  that  after  the  treatment  with  acid  the  reaction  most 
favorable  for  the  action  upon  casein  and  upon  peptone  is  nearly 
the  same  (pH  5.24  and  4.34).  The  enzyme  acting  mainly  at  an 
acid  reaction  seems  therefore  to  act  upon  peptone  as  well  as  upon 
casein;  Consequently  I  find  no  reason  for  thinking  that  the 
digestion  of  proteins  in  an  acid  medium  by  the  influence  of  spleen 
enzymes  is  caused  by  any  kind  of  pepsin,  this  latter  view  in 
addition  not  being  consistent  with  the  fact  that  the  enzymes  are 
completely  destroyed  in  a  mediiun  most  suited  to  the  action  of 
pepsin  (pH  2). 

Effect  of  Acid  upon  the  Spleen  Substance. 

As  I  have  already  pointed  out,  the  autolysis  of  organs  goes 
much  faster  in  an  acid  medium  than  it  does  in  an  alkaline  one. 
Some  15  years  ago  I  found  that  the  autolysis  of  the  spleen  and 
of  other  organs  in  an  alkaline  medium  takes  place  much  faster, 
if  the  organs  are  treated  with  a  weak  acid  before  the  reaction  is 
made  alkaline,  than  it  does  if  no  treatment  with  acid  takes  place." 

I  interpreted  this  fact  as  being  due  to  the  acid  destroying  a 
substance,  which,  if  active,  inhibits  the  action  of  the  a-protease 
of  the  organs.  This  view  was  supported  by  the  fact  that  the 
digestion  of  casein  by  means  of  spleen  enzymes  in  an  alkaline 
medium  was  checked  by  the  serum  albumin  fraction  of  the  serum 
and  that  this  checking  influence  disappeared  when  the  serum 
albumin  fraction  was  treated  with  a  weak  acid. 

Dcruby'^  tries  to  explain  the  effect  of  pretreatment  with  acid 
upon  the  subsequent  autolysis  in  an  alkaline  medium  by  assuming 
that  in  the  course  of  the  treatment  with  acid  the  substance  of 
the  organs  is  split  up  mainly  into  albumin  and  peptones  and  not 
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further,  these  products  forming  the  proper  substrate  for  the 
enzymes  acting  in  an  alkaline  medium.  This  certainly  cannot 
be  the  only  reason  for  the  autolysis  in  an  alkaline  medium  being 
stronger  after  pre  treatment  with  acid.  This  I  believe  to  be 
proved  by  the  following  experiments. 

Experi7ne.ni  1. — Three  specimens  of  the  follo-\ving  composition  were 
prepared :  25  gm.  of  mincerl  spleen  +  50  cc.  of  H2O  +  MgO  sufficient  to  keep 
the  reaction  slightly  alkaline;  and  three  specimens  were  made  up  of  25  gm. 
of  spleen  +  50  co.  of  H2O  +  3.6  cc.  of  2.5  per  cent  acetic  acid.  The  speci- 
mens with  MgO  are  termed  A  and  those  with  acid,  B.  The  whole  is  kept 
at  37°  for  1  day  with  chloroform  and  toluene.  Then  two  specimens  of  each 
kind  were  heated  upon  the  water  bath  for  30  minutes,  after  which  three 
new  specimens  were  made  up  as  follows: 


No. 


(A  +  B)  heated  +  15  co 
A  heated  +  B  +  15  " 
(A  +  B)  heated  +  15     " 


of  H2O  +  MgO 

"    "     +       " 


The  15  cc.  of  H2O  were  used  for  washing  down  the  substance  from  one 
bottle  into  the  other.  After  2  days  at  37°  50  cc.  of  tannic  acid  were  added 
and  75  co.  of  filtrate  were  taken  for  N  determination.    The  results  were: 


Specimen. 

Control  (110.4)  deducted. 

1 
2 
3 

125.2 
155.0 
110.4 

14.8 
•44.6 

It  will  easily  be  understood  that  at  the  beginning  the  digestion 
specimens,  Nos.  1,  2,  and  3  contained  the  same  quantity  of  pro- 
teins, albumoses,  and  peptones,  half  the  quantity  of  those  in 
Specimens  1  and  2  having  been  heated  to  destroy  the  enzymes 
and  the  whole  amount  having  been  heated  in  Specimen  3.  The 
substrate  was  therefore  practically  the  same  in  Specimens  1  and  2, 
but  in  Specimen  1  the  enzjuies  present  in  the  spleen  kept  in  a 
weakly  alkaline  medium  were  active  and  in  Specimen  2  the 
enzymes  present  after  treatment  with  acid  were  active.  In 
special  specimens  prepared  in  the  same  way  as  Specimens  1  and  2 
the  pH  was  determined  after  filtration  and  was  found  to  be  8.0 
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for  Specimen  1  and  7.93  for  Specimen  2.  As  can  be  seen  from  the 
figures  olitaincd,  tlic  enzyme  action  at  an  alkaline  reaction  was 
very  much  stronger  in  Specimen  2  than  in  Specimen  1. 

Experiment  2. — In  this  experiment,  carried  out  in  the  same  way  as  the 
one  just  recorded,  the  final  figures,  after  deduction  of  the  control,  were 


No. 


5.6 
44.3 


Expcrimcril  3. — In  this  experiment  Specimens  A  contained  CaCOs  instead 
of  MgO  as  in  the  preceding  experiments.  Therefore,  the  reaction  in  these 
specimens  was  approximately  neutral.  Specimens  B  were  acid  as  before. 
After  24  hours  at  37°  Specimens  1,  2,  and  3  were  prepared  as  before;  except 
CaCOs  was  added  instead  of  MgO.  In  addition  other  specimens  (Speci- 
mens 4, 5,  and  6)  were  prepared  quite  like  Specimens  1,  2,  and  3,  except  50  cc. 
of  casein  solution  were  added  to  each.  After  2  days  at  37°  20  oc.  of  tannic 
acid  were  added  to  Specimens  1,  2,  and  3,  and  50  cc.  to  Specimens  4,  5,  and 
6.  50  cc.  of  filtrate  were  taken  for  N  determination  from  Specimens  1,  2,  3 
and  100  cc.  from  Specimens  4„5,  and  6.  After  deduction  of  the  controls 
the  results  were: 


No. 

1 

2.3 

2 

8.9 

4 

14.7 

5 

38.5 

The  figures  show  that  the  digestion  in  a  neutral  medium  caused 
by  the  specimens  that  were  previously  kept  with  acid  is  stronger 
than  that  caused  by  the  specimens  kept  in  a  neutral  medium. 
The  same  chfference  is  found  if  casein  is  added  as  a  substrate  as 
is  shown  by  the  values  obtained  in  Experiments  4  and  5. 

Experiment  4.— In  this  experiment  CaCOj  was  added  to  Specimens  A 
and  no  acid  was  added  to  Specimens  B.  After  1  day  at  37°,  therefore,  the 
reaction  in  Specimen  A  was  approximately  neutral  (pH  6.9)  and  in  Speci- 
men U  weaklyacid  (pH6.5).    Specimensl,  2,  and  3  were  prepared  as  above 
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and  the  values  obtained  show  that  even  the  small  amount  of  acid  produced 
by  the  organ  itself  was  sufficient  to  secure  a  larger  amount  of  enzyme  in  B 
than  in  A. 


No. 


20.8 
34.3 


All  the  experiments  recorded  go  to  show  that  after  a  preceding 
treatment  with  acid  the  amount  of  enzyme  present  acting  in  an 
alkaline  or  even  a  neutral  medium  is  larger  than  without  such  a 
previous  treatment.  And  since  the  quantity  of  albumoses  and 
peptones  was  the  same  in  both  cases,  this  cannot  be  explained  in 
the  way  suggested  by  Dernby.         • 

In  a  set  of  experiments  I  have  tested  whether  the  solution  of 
spleen  enzymes  obtained  by  acting  upon  the  spleen  substance 
for  24  hours  at  37°  with  weakly  alkaline  or  neutral  water  shows 
any  increase  of  activity  after  treatment  with  acid,  but  all  my 
attempts  in  this  direction  have  failed  to  give  any  results.  In 
most  cases  some  enzyme  acting  in  an  alkaline  medium  seems  to 
be  decomposed  by  the  action  of  the  acid,  and  this  destruction 
of  enzj'me  takes  place  even  if  no  acid  is  added  and  the  acid  reaction 
is  produced  simply  by  dialyzing  the  enzyme  solution  against 
distilled  water;  in  this  way  pH  can  be  brought  down  to  about  6.0. 

The  presence  of  the  solid  spleen  substance  seems  therefore  to 
be  necessary  for  the  demonstration  of  the  effect  of  acid  found  in 
Experiments  1  to  4.  I  have  tried  to  find  out  whether  any  differ- 
ence in  the  effect  of  the  acid  is  produced  if  the  spleen  substance 
is  kept  in  water  for  some  time  before  the  acid  is  added.  One  of 
these  experiments  was  carried  out  in  the  following  way: 

Experiment  5. — Two  sets  of  specimens  were  prepared,  one  (A)  contain- 
ing 100  gm.  of  minced  spleen  substance  +  300  cc.  of  H2O;  and  the  other 
(B)  with  2.25  cc.  of  20  per  cent  acetic  acid  in  addition  to  the  constituents 
of  A.  Both  were  kept  at  37°  for  2-1  hours;  then  2. 25  cc.  of  acetic  acid  were 
added  to  A  and  these  specimens  were  kept  at  37°  for  another  24  hours,  while 
B  was  directly  filtered  and  a  given  part  of  the  filtrate  was  dialyzed  against 
tap  water.  After  24  hours  at  37°  A  was  filtered  and  the  same  volume  of 
the  filtrate  as  of  B  was  dialyzed.  It  should  be  noted  that  the  filtration  of 
B  took  place  markedly  faster  than  the  filtration  of  A.  After  the  dialysis 
the  filtrates  (A  and  B)  were  filled  up  to  the  same  volume  (200  cc.  before 
dialysis  =  253  cc.  after  dialysis).     Before  dialysis  pH  was  found  to  be 


194        .  Proteolytic  Enzymes  of  the  Spleen 

5.09  for  A  and  5.U  for  B  and  after  dialysis  was  about  8  for  both.  The 
amount  of  non-precipitable  N  in  Filtrates  A'and  B  was  determined  by 
mixing  20  cc.  of  undialyzed  filtrate  with  10  cc.  of  tannic  acid  and  taking 
20  cc.  of  filtrate  for  N  determination.    The  result  was: 

For  Filtrate  A 25.0 

"        B 25.5 


The  residues  of  A  and  B  obtained  on  filtering  were  thoroughly 
washed  and  extracted  with  casein  as  described  on  page  178.  The 
amounts  of  enzymes  present  in  dialyzed  Filtrates  A  and  B  as 
well  as  those  present  in  casein  extracts  A  and  B  were  compared. 

T.VBLE  VI. 

3  days  digestion;  40  CC.  of  tannic  acid;  75  CC.  of  filtrate. 


pH 


(20  A  +  20  B)  heated  +  25  casein  solution  +  2  NaOH, 

0.1  N 

20  A  heated  +  20  B  +  2o  casein  solution  +  2  NaOH, 

0.1  N 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2  NaOH, 

0.1  N 

(20  A  +  20  B)  heated  +  25  peptone  solution  +  2  NaOH, 

0.1  N 

20A  heated  +  20B4-  25  peptone  solution  +  2  NaOH, 

0.1  N 

(20  A  +  20  B)  heated  +  25  peptone  solution  +  2  NaOH, 

0.1  N 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2.5  HCl, 

0.2n 

20  A  heated  +  20  B  +  25  casein  solution  +  2.5  HCl, 

0.2n 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2.5  HCl, 

0.2  N 


8.2 


.•\fter 
Result,  dedur- 
tion  of 
controls. 


7.95     4.45 


8.0 


5.36 


15.6 

12.1 

3.5 

17.6 

7.6 

22.7 

12.7 

10.0 

8.9 

5.4 

15.8 

12.3 

3.5 

The  results  of  the  experiments  with  the  filtrates  are  given  in 

Table  VI. 

All  these  figures  show  that  all  the  specimens  where  Filtrate  B 
was  active  (not  heated)  contained  considerably  greater  amounts 
of  enzyme  than  the  corresponding  specimens  where  Filtrate  A 
was  acting.     Since  the  enzyme  solution  that  was  not  active  was 
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always  present  as  heated  the  substrate  in  the  two  specimens 
to  be  compared  was  always  the  same.  The  values  obtained  with 
casein  as  substrate  in  an  alkaline  medium  show  that  Filtrate  B 
contained  considerably  more  a-protease  than  Filtrate  A-,  the  speci- 
mens with  peptone  in  an  alkaline  medium  do  not  allow  of  any 
conclusions  as  to  the  amounts  of  erepsin,  since  the  results  can 
be  explained  as  caused  by  the  a-protease,  but  the  results  obtained 
with  casein  in  an  acid  medium  make  it  very  likely  that  the  /3- 
protease  is  present  in  a  larger  amount  in  Filtrate  B  than  in 
Filtrate  A. 

In  the  experiments  with  the  casein  extracts  the  specimens  were 
made  up  of  20  cc.  of  casein  extract  A  or  B  +  25  cc.  of  casein 


TABLE  VII. 

Casein. 

Peptone. 

A 

B 

A 

B 

cc. 

NaOH  3 

1.35 

1.5 

8.2 

12.55 

2 

1.2 

1.55                     8. 35 (pH  7.56) 

12.45(pH7.50) 

1 

1.35 

1.7 

7.95 

12.25 

0 

2.35 

2.75 

7.55 

11.75 

HCl  1 

4.3 

6.0 

6.1 

10.4 

2 

4.95  (pH5.45) 

8.0  (pH5.45) 

5.05 

8.35 

'  3 

4.75 

8.0 

4.6 

7.45 

4 

4.6 

6.85 

4.75 

6,7 

6 

4.15 

6.35 

solution  or  peptone  solution  and  varying  amounts  of  0.1  n  NaOH 
or  0.2  N  HCl,  a  proper  amount  of  water  making  the  volume 
the  same  in  all  specimens.  The  results  are  to  be  seen  from 
Table  VII. 

The  control  values  that  have  been  deducted  from  the  original 
figures  were  for  casein  A  11.85,  B  18.9;  and  for  peptone  A  23.35 
and  B  33.35.  From  the  above  figures  obtained  with  casein  as  a 
substrate  it  is  evident  that  the  strongest  digestion  in  A  and  B 
takes  place  at  the  same  pH  but  that  the  effect  of  A  is  decidedly 
weaker  than  the  effect  of  B.  Therefore,  the  amount  of  jS-protease 
is  considerably  less  in  A  than  in  B.  The  digestion  of  casein  in 
an  alkaline  medium  being  very  weak,  there  can  only  be  very  little 
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a-prot Cease  present  in  the  casein  extracts.  The  action  of  the 
casein  extracts  upon  peptone  having  its  maximum  in  an  alkaUne 
medium  indicates  the  presence  of  erepsin  in  the  casein  extracts. 
The  strongest  action  takes  place  at  the  same  pH  in  both  cases 
but  it  is  considerably  weaker  in  A  than  in  B. 

All  the  analyses  carried  out  in  the  course  of  this  experiment  go 
to  show  that  on  immediate  addition  of  a  proper  amount  of  acetic 
acid  to  the  spleen  substance  more  enzymes  are  secured  than  if 
the  addition  of  acid  takes  place  after  the  lapse  of  1  day.  And 
this  seems  to  be  the  case  not  only  concerning  the  a-protease  but 

TABLE  VIII. 


A 

B 

pH 

cc. 

NaOH2 

1.7 

5.55 

7.3 

1 

2.8 

7.85 

0 

1.2 

10.25 

6.68 

HCl  1 

6  8 

15.3 

9 

8.75 

17.0 

5.7 

3 

8.65 

15.15 

4 

7.6 

11.85 

concerning  the  /3-protease  and  the  erepsin  as  well,  and  this  difTer- 
ence  is  to  be  found  in  the  solution  obtained  by  the  action  (ff  the 
acid  as  well  as  in  the  casein  extract  of  the  residue.  The  amount 
of  a-protease  present  in  the  solution  termed  Solution  C  was  in 
this  experiment  a  little  higher  in  the  solution  derived  from  B 
than  from  A,  but  the  difference  was  not  so  material  as  in  the 
other  solutions. 

Experiweni  6.— In  another  experiment  on  the  same  subject  only  the 
casein  extracts  A  and  B  were  tested  as  to  their  action  upon  casern.  The 
specimens  were  made  up  of  20  cc.  of  casein  extract  A  or  B  +  25  cc  of  casem 
solution  +  the  recorded  .miount  of  0. 1  N  NaOH  or  0. 2  n  HCl  and  water  up 
to  the  same  volume  in  all  specimens  3  <lays  at  .37°;  35  cc.  of  tannic  acid; 
50  cc.  of  filtrate.  The  control  values  deducted  were  10.7  for  A  and  17.85 
for  B  (see  Table  VIII). 

The  strongest  action  took  place  with  the  same  amount  of  acid 
(2  cc.)  in  A  and  in  B  corresponding  to  pll  5.7.     In  this  experi- 
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ment  some  a-protease  seems  to  have  been  present  in  the  casein 
extract,  this  enzyme  as  well  as  the  /3-protease  being  strongly- 
reduced  in  casein  extract  A.  This  experiment,  therefore,  gives 
the  same  result  as  the  preceding  one. 

Experiment  7. — In  this  experiment  one  set  of  specimens  (Ai)  was  made  up 
as  follows:  100  gm.  of  minced  spleen  +  300  cc.  of  H2O  +  10  cc.  of  0.1  n 
NaOH.  After  24  hours  at  37°,  5  cc.  of  0.2  x  HGl  and  2.25  cc.  of  20  per  cent 
acetic  acid  were  added  and  Ai  was  left  at  37°  for  another  24  hours;  it  was 
then  filtered  and  in  every  respect  treated  as  was  A  in  Experiment  5.  Two 
other  sets  of  specimens,  A2  and  B,  were  treated  exactly  as  were  A  and  B  in 
Experiment  5.  In  B,  therefore,  the  acetic  acid  was  added  directly  and  in 
Ai  and  A2  after  24  hours  at  37°.  To  A,  10  cc.  of  NaOH  were  added  directly 
in  order  partly  to  neutralize  the  acid  formed  in  the  tissue  in  the  course  of 
the  first  24  hours  at  .37°.  This  amount  of  NaOH  was  neutralized  before 
the  addition  of  the  acetic  acid.  Consequently  the  reaction  in  A,  during 
the  first  24  hours  was  kept  less  acid  than  in  An.  pH  was  determined  in  the 
filtrates  after  24  hours  at  37°,  after  24  hours  with  acid,  and  after  dialysis 
of  the  acid  filtrates. 


Ai 

A2 

B 

After  24  hours  at  37°                        

6.82 
5.22 
7.76 

6.5 

4.14 
8.04 

"     ''4     "       with  acid  at  37° 

5.16 

"     dialysis                  

8.14 

The  amount  of  N  was  determined  in  the  filtrates  after  24  hours 
at  37°  and  after  24  hours  with  acid  by  mixing  20  cc.  of  filtrate 
with  10  cc.  of  tannic  acid  and  taking  15  cc.  of  filtrate  for  the 
determination. 


After  24  hours  at  37° 

"     24      "      with  acid  at  37° 


Ai 


11.4 
19 


13.6 
21.1 


25.15 


Specimens  were  prepared  containing  the  dialyzed  filtrates,  Ai 
and  B,  casein  or  peptone,  and  NaOH  or  HCl  exactly  as  indicated 
above  in  Experiment  5  and  the  test  for  enz>mies  was  carried  out 
in  the  same  way. 


198  Proteolytic  Enzymes  of  the  Spleen 


After  de- 
duction of 
controls 


(20  Ai  +  20  B)  heated  +  25  casein  solution  +  2  NaOH 
20  A,  heated  +  20    B  +  25        "  "        +2        " 

(20  A,  +  20  B)  heated  +  25        "  "        +2 

(20  Ai  +  20  B)        "       +25  peptone  solution  +  2     " 
20  A,  heated  +  20   B  +  25  "  "  +  2     " 

(20  A,  +  20  B)  heated  +  25  "  "         +2     " 

(20  Ai  +  20  B)        "       +  25  casein  solution  +  2.25  HCl 
20  Ai  heated  +  20   B  +  25        "  "        +  2.25     ' 

(20  A,  +  20  B)  heated  +  25        "  "        +2.25     ' 

(20  Ai  +  20B)        "      +25  peptone  solution  +2.25 
20  A,  heated  +  20  B  +  25        "  "        +2.25 

(20  Ai  +  20  B)  heated  +  25        "  "        +  2.25 


The  corresponding  analysis  with  A2  and  B  gave  the  following 
results: 


Resulting 
values. 

Alter  de- 
duction of 
controls. 

(20  Ao  +  20  B)  heated  +  25  casein  solution  +  2  NaOH 

6.3 

3.95 

20  A,  heatefl  +  20   B  +  25        "           "        +2 

15.75 

13.4 

(20  As  +  20  B)  heated  +  25        "           "        +2 

2.35 

(20  A2  +  20  B)        "       ■h  25  peptone  solution  +  2     " 

17.8 

4.3 

20  As  heated  +  20    B  +  25        "             "         +  2     " 

25.6 

12.1 

(20  A2  +  20  B)  heated  +  25        "             "         +2     " 

13.5 

(20  As  +  20  B)        "       +  25  casein  solution  +  2.25  HCl 

7.65 

5.3 

20  As  heated  +  20   B  +  25        "           "        +  2.25     " 

15.1 

12.75 

(20  As  +  20  B)  heated  +  25        "           "        +  2.25     " 

2.35 

(20  A»  +  20  B)        "      +  25  peptone  solution  +  2.25  " 

15.3 

1.8 

20  As  heated  +  20  B  +  25        "             "        +  2.25  " 

19.4 

5.9 

(20  As  +  20  B)  heated  +  25        "             "        +  2.25  " 

13.5 

pH  was  in  the  specimens  with  casein  and  2  XaOH    =8.2 
"        "    "      "  "  "    peptone  "2        "        =  7.86 

"        "    "      "  "  "    casein  and  2.25  HCl  =  5.74 

These  values  of  pH  were  very  nearly  the  same  in  the  corre- 
sponding specimens  of  the  two  series.  From  the  values  in  the 
last  column  it  can  be  seen  that  the  quantity  of  enzymes  present 
in  B  was  everywhere  larger  than  that  in  Ai  and  A2.  The  latter 
as  a  rule  have  given  roughly  the  same  values,"  except  for  the 
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values  corresponding  to  the  action  of  the  a-protease;  this  value 
for  Ai  was  1.7  and  for  A2,  3.95.  This  enzyme  was  therefore  de- 
cidedly more  reduced  in  Ai  than  in  As,  in  all  probability  because 
the  reaction  during  the  first  24  hours  was  less  acid  in  Ai  than 
in  A2.  In  addition  it  should  be  noted  that  the  digestion  of 
casein  by  B  was  a. little  stronger  in  the  alkaline  medium  (pH  8.2) 
than  in  the  acid  one  (pH  5.74) ;  while  the  digestion  caused  by 
Ai  and  A2  was  more  powerful  in  the  acid   medium. 

The  casein  extracts  in  this  experiment  gave  the  following  values 
for  pH:  Ai,  6.14;  A.,  6.06;  B,  6.04. 

The  quantities  of  enzymes  investigated  were  as  follows: 


(20  Ai  +  20  B)  heated  +  25  casein  solution  +  6  NaOH 

20  Ai  heated  +  20    B  +  25        "  "        +6 

(20  A,  +  20  B)  heated  +  25        "  "        +6 

20  Ai  +  20  B  "       +  25  peptone  solution  +  6     " 

20  Ai  heated  +  20   B  +  25  "  "        +  6     " 

(20  A,  +  20  B)  heated  +  25  "  "       +  6     " 

(2OA1  +  2OB)       "      +  25  casein  solution+2HCl+4H20 

20 A,  heated  +  20  B  + 25         "  "       +2     " 

(20 A,  +  20 B)  heated  +  25        " ''      +2     " 


Resulting 
values. 

After  de- 
duction of 
controls. 

32.8 

2.0 

33.2 

2.4 

30.8 

45.95 

7.2 

49.75 

11.0 

38.75 

33,75 

2.95 

39.2 

8.4 

30.8 

In  the  same  way  Ao  and  B  were  combined: 


(20  A2  +  20  B)  heated  +  25  casein  solution  +  6  NaOH 
20  A2  heated  +    20  B  +  25        "  "        +6 

(20  Ao  +  20  B)  heated  +  25        "  "        +6 

20  A2  +  20  B    heated  +  25  peptone  solution  +  6     " 
20  A2  heated   +   20  B  +  25  "  "        +  6     " 

(20  Ao  +  20  B)  heated  +  25  "  "        +  6     " 

(2OA2  +  2OB)       "      +25  casein  solution +2  HCI+4H2O 
20  Aa  heated  +  20  B  +  25      "  "       +2    "    +4" 

(2OA2  +  2OB)  heated +  25       "  "       +2    "    +4  " 


pH  was  in  the  specimens  with  casein  solution  and  6  NaOH      =7.84 
"      "    "      "  "  "     peptone  solution  and  6  NaOH  =  7.66 

"      "    "      "  "  "     casein  solution  and  2  HCl  =5.33 

The  digestion  lasted  3  days.     40  cc.  of  tannic  acid  were  added 
and  75  cc.  of  filtrate  were  taken  for  N  determination. 
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As  usual  the  figures  show  that  only  a  small  amount  of  a-protease 
is  present  in  the  casein  extracts.  But  the  amounts  present  are 
less  in  Ai  and  A2  than  in  B.  The  figin-es  representing  the  action 
of  erepsin  and  of  /3-proteasc  likewise  show  that  those  enzymes  are 
present  in  greater  quantities  in  B  than  in  Ai  and  A2. 

Experiments  show  that  more  enzymes  are  obtained  from  the 
spleen  if  a  proper  amount  of  acid  is  added  directly  to  the  minced 
spleen  mass  than  if  the  same  amount  of  acid  is  added  when  the 
spleen  mass  has  been  kept  in  water  for  24  hours  at  37°  at  an 
alkaline,  neutral,  or  even  weakly  acid  reaction.  One  might  try 
to  explain  this  phenomenon  in  two  ways: 

1.  The  enzymes  might  be  present  in  the  organ  in  an  inactive 
state,  which  could  be  made  active  by  the  acid.  This  explanation 
is  not  consistent  with  the  fact  that  only  small  amounts  of  enzymes 
become  active  when  the  spleen  mass  has  been  kept  for  some 
time. 

2.  The  enzymes  present  in  the  spleen  are  in  some  way  deprived 
of  their  activity  when  the  spleen  is  kept,  and  this  process  is  pre- 
vented by  the  action  of  the  acid.  As  soon  as  the  enzymes  have 
been  deprived  of  their  active  power,  they  cannot  be  made  active 
again  by  the  acid;  and  if  the  acid  has  been  acting  for  a  proper 
time  upon  the  fresh  spleen,  the  enzymes  do  not  lose  their  active 
power  in  a  neutral  or  even  alkaline  medium.  There  does  not 
seem  to  me  to  be  any  objection  to  this  explanation  and  all  the 
observations    recorded  in  this  paper  can  be  explained  in  this 

way. 

As  to  the  way  in  which  the  enzymes  are  deprived  of  their 
active  pqwer  nothing  can  be  stated  for  certain.  The  action  of  the 
a-protease  is  inhibited  by  the  serum  albumin  fraction  obtained 
from  the  blood,  and  it  seems  to  be  quite  possible  that  the  inhibiting 
substance  in  the  serum  may  be  present  in  the  spleen  as  well.  This 
might  account  for  the  a-protease  losing  its  activity,  but  since  the 
serum  albumin  fraction  does  not  exercise  any  definite  checking 
action  upon  the  /3-protease  and  upon  the  erepsin,  the  vanishing 
of  these  enzymes  cannot  be  explained  in  this  way.  Other  sub- 
stances inhibiting  the  action  of  these  enzymes  might  be  present 
in  the  spleen,  but  since  the  existence  of  such  substances  has 
not  been  demonstrated,  [  cannot  offer  any  definite  view  on  this 
subject. 
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CONCLUSIONS. 

The  main  results  of  my  experiments  on  the  proteolytic  enzymes 
present  in  the  spleen  of  the  ox  may  be  summarized  as  follows: 

1.  The  spleen  contains  at  least  three  different  enzymes:  (1)  a- 
protease,  acting  upon  the  spleen  substance  and  upon  casein  in  an 
alkaline  medium  (pH  8.8) ;  (2)  /3-protease  acting  upon  the  spleen 
substance  and  upon  casein  in  a  weakly  acid  medium  (pH  about 
5.4) ;  and  (3)  erepsin  not  acting  upon  casein  but  having  its  most 
powerful  action  upon  AVitte's  peptone  at  pH  7.5  to  8.5. 

2.  When  the  fresh  spleen  substance  is  kept  in  an  alkaline, 
neutral,  or  even  very  weakly  acid  medium  (pH  6.5),  the  enzjones 
lose  much  of  their  power  of  action,  but  this  process  is  prevented 
by  the  presence  of  a  little  acid  {e.g.  pH  5.2). 

3.  A  watery  extract  of  the  spleen  obtained  at  about  pH  5.2 
contains  varying  quantities  of  all  the  enzymes  referred  to. 

4.  A  casein  extract  of  the  residue  obtained  on  filtering  off  the 
acid  solution,  contains  mainly  /S-protease  and  erepsin. 

5.  If  the  residue  obtained  on  filtering  off  the  casein  extract  is 
extracted  with  5  per  cent  NaCl  or  MgO,  the  part  of  the  extracted 
substances  not  soluble  in  water  contains  mainly  a-protease. 

The  above  experiments  were  carried  out  with  the  spleen  of  the 
ox.  The  spleen  of  the  horse  gives,  on  the  whole,  the  same  results 
as  far  as  my  experience  goes.  Working  in  the  same  way  as 
described  above  I  found  the  most  effective  action  of  the  casein 
extract  in  the  specimen  containing  20  cc.  of  casein  extract  +  25  cc. 
of  casein  solution  +  4  cc.  of  0.2  N  HCl  corresponding  to  pH  4.93. 
This  concentration  of  the  H  ions  lies  decidedly  more  to  the  acid 
side  than  was  found  with  the  spleen  of  the  ox.  It  should  be  noted 
that  the  addition  of  the  acid  in  this  case  produced  rather  a  volu- 
minous precipitate  of  casein  and  that  the  pH  was  determined 
after  this  precipitate  had  been  removed. 

Having  experimented  upon  the  spleen  mass  with  1.7  cc.  of 
20  per  cent  acetic  acid  to  100  gm.  of  spleen  +  300  cc.  of  H2O 
for  1  day  at  37°,  I  did  not  succeed  in  demonstrating  the  presence 
of  the  a-protease  in  the  solution  termed  Solution  C  above,  but 
using  2.5  cc.  of  the  acid  to  the  same  amounts  of  spleen  and  H2O, 
I  succeeded.  The  most  effective  action  of  the  a-protease  upon 
casein  took  place  at  pli  9.31  or  more  to  the  alkaline  side  than  in 
the  experiments  with  the  spleen  of  the  ox. 
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I  have  carried  out  some  experiments  with  the  spleen  of  tiie  pig 
as  well.  The  most  important  difference  that  I  have  found  be- 
tween the  spleen  of  the  pig  and  that  of  the  ox  is  that  the  amount 
of  acid  used  for  the  original  treatment  of  the  spleen  mass  should 
not  exceed  1  cc.  of  20  per  cent  acetic  acid  to  100  gm.  of  spleen 
and  300  cc.  of  H2O.  More  acid  seems  to  be  somewhat  injurious 
to  the  enzymes.  An  experiment  exactly  like  Experiment  3 
(page  192)  gave  the  same  result  and,  therefore,  the  presence  of 
acid  prevents  the  enzymes  from  losing  their  active  power. 


EXPERIMENTAL  RICKETS  IN  RATS. 

IX.  THE  DISTRIBUTION    OF    PHOSPHORUS    AND  CALCIUM 

BETWEEN  THE  SKELETON  AND  SOFT  PARTS  OF  RATS 

ON  RACHITIC  AND  NON-RACHITIC  DIETS. 

By  GERTRUDE  F .  .McCANN  and  AURION  BARNETT. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

(Received  for  publication,  August  21,  1922.) 

In  experimental  studies  of  rickets  it  was  found  (1)  that  rats 
fed  certain  diets,  which  were  poor  in  phosphorus  but  rich  in  cal- 
cium content,  developed  rickets,  while  increasing  the  phosphorus 
in  these  diets  above  certain  levels  invariably  prevented  this  disease. 
Treatment  with,  cod  liver  oil  (2)  or  \\ith  light  (3)  also  prevented 
the  development  of  rickets  in  rats  fed  these  diets  -nithout  the 
addition  of  phosphorus. 

It  seemed  of  interest  to  determine  what  occm-red  when  diets 
were  given  which  were  extremely  poor  in  phosphorus  or  in  cal- 
ciimi;  whether  the  bones  and  soft  tissues  shared  the  amount 
proportionally,  or  whether  a  point  could  be  reached  at  which 
one  or  the  other  would  suffer  the  greater  deprivation.  It  was 
thought  that  some  knowledge  of  the  mechanism  of  the  protection 
afforded  by  the  oil  and  light  might  be  obtained  by  the  study  of  the 
amounts  of  phosphorus  in  the  bones  and  tissues  of  rats  which  had 
been  kept  on  these  diets  with  and  without  cod  liver  oil  or  light, 
and  as  though  it  might  be  indicated  by  such  a  study  whether  the 
mode  of  protection  was  by  a  greater  absorption  and  retention  of 
phosphorus  by  the  entire  body  or  a  redistribution  of  it  so  that  the 
bones  could  retain  a  larger  share. 

Several  studies  of  the  ash  of  normal  and  rachitic  bones  have 
been  reported  (4  to  7).  It  has  been  shown  that  although  the 
total  ash  is  reduced  in  the  rachitic  bones,  the  noiTnal  ratio  of 
calcium  and  phosphorus  is  not  materially  changed. 
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McClendon  (8)  states  that  the  skeleton  of  a  white  rat  was  found 
to  contain  82  per  cent  of  the  total  phosphorus  of  the  body  and  that 
"on  the  basis  of  two  such  rats  the  P  content  was  about  5  mgm. 
per  gram  body  weight. "  No  information  is  given  as  to  the'  diets 
or  growth  of  these  rats. 

Various  reports  have  been  given  of  the  composition  of  the  bones 
in  animals  fed  experimental  diets  which  were  poor  in  phosphorus 
or  calcium  (9,  10).  Perlzweig  (11)  used  diets  which  he  considered 
to  be  poor  in  phosphorus,  but  when  compared  with  the  diets 
employed  in  our  work  they  do  not  seem  to  be  sufficiently  poor  to 
be  comparable  with  a  rickets-producing  diet,  which  probably 
accounts  for  the  only  slight  variations  from  the  normal  which  he 
obtained.  The  low  calcium  diets  gave  figures  quite  comparable 
to  those  to  be  reported  in  this  paper. 

Heymann*(12)  has  compared  the  phosphate  content  of  the  bones 
and  tissues  of  rats.  He  does  not  describe  the  diets  given  and,  the 
animals  were  evidently  older  than  those  used  in  our  work.  In 
his  normal  rats  he  obtained  an  average  of  1.4964  gm.  of  P..O5 
(0.71  gm.  of  P)  per  100  gm.  of  live  weight  in  the  entire  body,  and 
0.4408  gm.  per  cent  of  P2O5  (0.21  gm.  of  P)  in  the  tissues.  The 
latter  figm-e  is  slightly  higher  than  those  reported  for  this  paper. 

Methods. 

White  rats  were  given  the  experimental  diets  (Table  I)  at  the 
age  of  4  weeks.  The  diets  were  continued  for  28  to  30  days. 
Roentgenograms  were  then  made  and  the  rats  killed  by  etheriza- 
tion. The  gastrointestinal  tract  (esophagus  to  rectum)  was  re- 
removed  and  discarded,  for  the  amounts  of  calcium  and  phosphoi'us 
contained  in  these  organs  were  found  to  be  too  minute  for  accurate 
analysis.  A  piece  of  one  middle  rib  was  removed  for  J  inch  on 
each  side  of  the  costochondral  junction  for  histological  examina- 
tion. The  rat  was  boiled  in  distilled  water  for  5  minutes,  then 
the  skeleton  was  dissected  out.  The  water  used  for  boiling  was 
added  to  the  soft  parts.  The  "large  bones"  in  the  first  series 
were  skull  and  bones  of  the  extremities,  including  the  iha  and 
scapuke  Imt  not  the  paws.  The  paws  were  ashed  with  the  other 
small  bones.  In  the  second  series  the  skull  was  ashed  with  the 
small  bones.  This  was  done  because  of  the  difficulty  of  cleaning 
the  skull  and  it  was  felt  that  better  bone  figures  could  be  obtained 
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from  the  other  bones  alone.  To  the  tissues  (evaporated  to  dry- 
ness) NajCOa  was  added  to  prevent  possible  loss  of  phosphorus 
and  to  give  an  ash  more  easily  handled.  This  was  not  done  to 
the  bones  which  in  themselves  have  an  excess  of  bases. 

The  parts  were  ashed  in  platinum  crucibles,  the  ash  was  then 
dissolved  in  concentrated  HCl  on  the  water  bath,  diluted,  and 
heated  for  1  to  3  hours.  The  phosphorus  was  determined  by  titra- 
tion of  ammoniinn  phosphomolj'bdate.  The  calcium  was  deter- 
mined by  iNTcCrudden's  method  (13)  gravimetrically. 

DISCUSSION. 

The  results  of  the  analyses 'are  contained  in  Table  III,  and  in 
Table  II  they  have  been  condensed  to  averages.  The  nomial 
rats  contained  0.52  to  0.70  gm.  of  phosphorus  and  0.72  to  0.93  gm. 
of  calcium  per  100  gm.  of  body  weight.  The  rachitic  rats  on  Diet 
84  contained  OAo  to  0.49  gm.  of  phosphorus  and  0.60  to  0.81  gm. 
of  calcium.  Those  on  Diet  85  C  had  0.45  to  0.49  gm.  of  phospho- 
rus and  0.66  to  0.72  gm.  of  calcium,  while  those  on  Diet  D  had 
0.38  to  0.42  gm.  of  phosphorus  and  0.41  to  0.47  gm.  of  calcium. 
From  these  data  it  will  be  seen  that  the  rachitic  rats  contained 
less  phosphorus  and  calcimn  per  100  gm.  of  body  weight  flian  did 
normal  rats.  This  was  especially  marked  when  the  rats  grew 
fairly  well  as  they  did  upon  Diet  D  (Table  I).  This  diet  con- 
tains slightly  less  phosphorus  than  does  Diet  84.  On  Diet  84 
rats  grew  poorly  and  contained  a  greater  amount  of  calcium 
and  phosphorus  per  100  gm.  of  body  weight  than  did  the  rats  on 
Diet  D,  but  the  amounts  were  below  those  found  in  normals 
(Table  II).  The  calciimi  figures  obtained  were  less  constant  than 
those  for  phosphorus,  probably  because  the  amounts  used  were 
small. 

The  percentage  of  phosphorus  and  calcium  in  the  ash  of  rachitic 
and  non-rachitic  bones  (Table  III)  was  found  to  be  constant, 
thus  agreeing  with  the  results  recorded  in  the  literature  (4  to  8). 
The  total  ash  content  of  the  bones  is  reduced,  but  the  ratio  of 
piiosphorus  and  calcium  remains  unchanged. 

In  normal  rats  68  to  75  per  cent  of  the  total  phosphorus  is  in 
the  bones.  In  rats  developing  rickets  on  Diet  84,  with  poor 
growth,  68  to  71  per  cent  was  found  in  the  bones,  though  the 
total  amount  per  100  gm.  of  rat  was  reduced  slightly  below  the 
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0.23 

0.34 
0.88 

8.1 
14.7 

40.0 

0.175 
0.244 

0.21 
0.47 

0.8 

1404tt 

& 

84+CLO. 

0.058 

1.7 

1406tt 

9 

84+CLO. 

59 

16.5 

0.062 

0.11 

0.38 

7.1 

18.2 

0.124 

0.21 

0.75 

14.3 

36.5 

0.229 

0.39 

1.3 

1405tt 

9 

84+CLO. 

60 

16.8 

0.064 

0.11 

0.38 

7.9 

18.8 

0.126 

0.21 

0.75 

15.6 

37.1 

0  234 

0.39 

1.3 

1331tt 

9 

84+light. 

40 

12.4 

0.053 

0.13 

0.43 

7.6 

19.7 

0.128 

0.32 

1.03 

18.4 

46.0 

0.204 

0.51 

1.6 

1333tt 

9 

84+light. 

40 

12.9 

0.057 

0.13 

0.43 

7.7 
8.4 

18.7 
18.8 

0.125 

0.31 

0.97 

2.05 

17.1 
17.8 

42.0 
40.0 

0.211 
0.103 

0.53 
0.35 

1.6 

10371t 

cf 

85  C 

30 

6.3 

0.076 

0.25 

1.21 

0.215 

0.53 

1.6 

1035n 

9 

85  C 

35 

8.6 

0.084 

0.24 

0.97 

7.5 

19.3 

0.164 

0.47 

1.91 

14.6 

36.9 

0.116 

0.33 

1.3 

1399§§ 

9 

85  C 

46 

10.7 

0.096 

0.21 

0.90 

•7.2 

19.6 

0.188 

0.41 

1.76 

14.0 

38.4 

0.150 

0.33 

1.4 

Bold  faced  figures  denote  a  second  series. 

Rats  1331  to  1333  were  taken  from  a  series  of  light  protection  experiments  of  Dr.  A.  F.  Hei 
to  be  published  later). 
*  Normal  bone,  delicate. 
t  Normal  bone,  thin  trabeculse. 
t  Normal  bone. 
§  Marked  Diet  84  rickets. 
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3. 

Tissues. 

Total  phosphorus. 

IDalcium. 

Phosphorus. 

Calcium. 

U 
1 

> 

3 

per 
cent 

'3 

Q 

per 
cent 

a 
o 

a 

> 

'3 

b 

0 

3 

1 
< 

J3 

bo 

s 

> 

3 

J3 

b 

"a 

0 

E 
< 

u 

'53 

t 

3 

per 
cent 

1 

b 

n 

3 

1 

> 

b 

8 

grn. 

per 
cent 

per 

cent 

gm. 

per 
cent 

per 
cent 

gm. 

per 
cent 

per 
cent 

gm. 

per 
cent 

per 
cent 

per 
cent 

3 

o.ss 

3.14 

0.088 

0.13 

0.47 

0.028 

0.04 

0.15 

0.369 

0.55 

1.98 

76 

0.601 

0.93 

3.3 

95 

2 

0.72 

2.78 

0.144 
0.146 

0.15 
0.18 

0.59 
0.68 

0.040 

0.05 

0.21 

0.408 
0.450 

0.55 
0.54 

2.12 
2.10 

72 
68 

0.572 

0.77 

3.0 

93 

0 

0.90 

3.09 

0.141 

0.22 

0.78 

0.435 

0.70 

2.40 

68 

0 

0.78 

2.53 

0.200 

0.17 

0.55 

0.026 

0.02 

0.07 

0.085 

0.58 

1.88 

71 

0.946 

0.80 

2.6 

97 

2 

0.70 
0.64 

2.36 

0.232 

0.16  0.55 

0.025 

0.02 

0.06 

0.739 

0.52 

1.76 

70 

1.017 

0.72 

2.4 
2.7 

98 

5 

2.61 

0.060 

0.150.59 

0.013 

0.03 

0.13 

0.189 

0.48 

1.87 

68 

0.278 

0.71 

95 

6 

0.76 

3.16 

0.0.57 

0.14|0.57 

£).015 

0.04 

0.15 

0.196 

0.48 

1.87 

71 

0.331 

0.81 

3.3 

95 

6 

0.64 

2.36 

0.079 

0.17 

0.65 

0.025 

0.07 

0.24 

0.213 

0.47 

1.76 

68 

0.311 

0.69 

2.6 

91 

2 

0.57 

2.17 

0.070 

0.15 

0.57 

0.015 

0.03 

0.12 

0.214 

0.47 

1.76 

68 

0.277 

0.60 

2.3 

95 

5 

0.45 

1.70 

0.106 

0.16 

0.61 

0.008 

0.01 

0.05 

0.279 

0.42 

1.61 

62 

0.303 

0.46 

1.8 

97 

5 

0.45 

1.70 

0.131 

0.17 

0.63 

0.012 

0.02 

0.06 

0.324 

0.42 

1.56 

60 

0.367 

0.47 

1.8 

97 

4 

0.40 
0.86 

1.50 
3.30 

0.140 

0.17 
0.15 

0.65 

0.011 

0.01 
0.03 

0.05 
0.12 

0.315 

0.38 

1.46 

56 
76 

0.335 

0.41 

1.6 

97 

18 

0.078 

0.57 

0.016 

0.322 

0.62 

2.36 

0.464 

0.89 

3.4 

97 

2 

0.77 

2.74 

0.084 

0.14 

0.51 

0.012 

0.02 

0.07 

0.313 

0.53 

1.90 

73 

0.464 

0.79 

2.8 

98 

)2 

0.77 

2.75 

0.090 

0.15 

0.54 

0.012 

0.02 

0.07 

0.324 

0.54 

1.93 

72 

0.474 

0.79 

2.8 

98 

!8 

1.09 

3.50 

0.076 

0.19 

0.61 

0.022 

0.05 

0.18 

0.280 

0.70 

2.26 

73 

0.460 

1.15 

3.7 

95 

)1 

1.15 
0.67 

3.58 
3.40 

0.079 

0.19 

0.61 

0.019 

0.05 

0.15 

0.290 

0.72 

2.24 

73 

0.480 

1.20 

3.7 

96 

5 

0.045 

0.12 

0.85 

0.149 

0.49 

2.37 

69 

'4 

0.64 

2.61 

0.057 

0.16 

0.66 

0.012 

0.03 

0.14 

0.173 

0.49 

2.02 

67 

0.236 

0.67 

2.7 

95 

!9 

O.Oo 

2.79 

0.055 

0.12 

0.51 

0.014 

0.03 

0.13 

0.205 

0.45 

1.92 

73 

0.303 

0.66 

2.8 

95 

I  Rickets  (.x-ray). 

1  Diet  84  rickets. 

•Marked  rickets. 

t  No  rickets. 

t  Diet  85  C  rickets. 

§  Slight  Diet  85  C  rickets. 
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normal.  The  rats  on  Diot  D,  however,  developing  severe  rickets 
while  growing  fairly  well,  had  only  56  to  62  per  cent  of  their 
total  phosphorus  in  the  bones.  This  percentage  was  lowest  in 
the  rats  wliich  grew  best.  Apparently  in  the  more  rapidly 
growing  animals  the  soft  tissues  are  able  to  take  up  and  retain 
a  greater  proportion  of  the  phosphorus  from  a  veiy  limited 
supply,  thus  reducing  the  share  of  the  bones  below  that  which 
is  found  when  growth  is  not  so  rapid. 

Since  almost  all  (95  per  cent)  the  body  calcium  is  found  in  the 
bones  in  all  of  these  animals  no  significant  changes  were  found 
in  its  distribution.  The  total  calcium  per  100  gm.  of  rat  shows  a 
change  similar  to  that  found  for  the  total  phosphorus. 

In  the  type  of  lickets  produced  by  a  cUct  rich  in  phosphorus  but 
poor  in  calcium  (Diet  85  C)  there  is  no  marked  difference  in  the 
bone  analysis  from  that  found  in  the  type  of  rickets  produced  by ' 
Diet  84,  which  was  low  in  phosphorus  and  high  in  calcimn  content. 
Although  the  pathological  picture  of  the  rickets  produced  by 
Diet  85  C  (1)  differs  somewhat  from  that  developed  on  Diet  84, 
the  phosphorus  and  calcimn  contents  of  the  bones  and  of  the 
tissues,  whether  calculated  in  percentage  of  live  weight  or  of  dry 
weight  of  rat,  are  all  within  the  same  ranges,  and  are  definitely 
below  the  normal  figures.  The  phosphorus  which  is  found  in  the 
soft  tissues  is  decreased  in  spite  of  the  fact  that  the  phosphorus 
content  of  the  diet  is  high. 

This  point  is  of  especial  interest  in  that  it  tends  to  support  the 
view  that  the  two  types  of  rickets  have  more  in  common  than 
the  somewhat  diverse  anatomical  pictures  might  indicate.  More- 
over, the  fact  that  the  same  aljnormal  bone  composition  can  be 
produced  by  two  diets  having  opposite  calcium  and  phosphorus 
values  would  seem  to  indicate  that  this  abnormal  mineral  content 
of  the  bones  is  not  the  result  of  a  simple  deficiency  of  one  or  the 
other  element,  hjit  that  some  intermediary  mechanism  must  come 
into  play. 

Rats  on  Diet  84,  in  which  the  development  of  rickets  had  been 
prevented  by  the  administration  of  cod  liver  oil  or  by  exposure  to 
light,  contain  amounts  of  phosphorus  m  the  entire  body  which 
ai-e  normal  or  even  above  the  normal  figures  calculated  per  100  gm. 
of  rat  (Table  II).  In  these  treated  rats  the  bones  contained 
72  to  76  per  cent  of  the  total  phosphorus,  a  figure  well  wthin  the 
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normal  range  although  certain  of  these  rats  grew  almost  as  well  as 
the  unprotected  rats  on  Diet  D,  in  which  only  56  to  62  per  cent 
occurred  in  the  bones.  There  seems,  therefore,  to  be  an  indication 
of  an  increased  utilization  of  phosphorus  by  the  entire  body  in 
animals,  which  are  protected  by  light  or  by  cod  liver  oil  from  de- 
veloping rickets  on  a  diet  poor  in  phosphorus.  There  is  possibly, 
also,  an  increased  percentage  of  phosphorus  in  the  bones.  This 
is  very  slight,  however,  on  the  diets  used,  in  which  good  growth  is 
not  obtained.  It  is  unfortvmate  that  prevention  experiments 
were  not  carried  out  on  Diet  D  at  this  time,  as  the  changes  in 
chstribution  should  have  been  more  marked  ^ith  this  diet. 

SUMMARY   AXD    CONCLUSION'S. 

1.  Rachitic  rats  contain  less  phosphorus  and  calcium  per  100 
gm.  of  body  weight  than  do  normal  rats.  This  is  most  marked 
where  greatest  growth  has  occurred. 

2.  This  reduction  is  the  same  whether  the  rickets  has  been 
produced  by  a  diet  poor  in  phosphorus  and  rich  in  calcium  or  by 
one  poor  in  calcium  and  rich  in  phosphorus. 

3.  In  rachitic  rats,  the  bones  may  contain  a  smaller  percentage 
of  the  total  phosphorus  than  is  found  in  normal  rats.  This 
difference  is  not  marked — except  where  fair  growth  has  occm-red. 

4.  When  rickets  is  prevented  from  developing  in  rats  given  a 
diet  poor  in  phosphorus  but  rich  in  calcium  by  administration  of 
cod  liver  oil  or  by  exposure  to  light,  the  total  phosphorus  and  cal- 
cium content  per  100  gm.  of  body  weight  is  well  within  the  normal 
range. 
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THE  TRYPTOPHANE  CONTENT  OF  SOME  PROTEINS. 

By  CLAREiS'CE  E.  MAY  axd  EMBREE  R.  ROSE. 

(From  the  Phtjsiological  Chemistry  Laboratory  of  the  University  of  Indiana^ 

Bloomington .) 

(Received  for  publication,  August  7,  1922.) 

In  the  present  work  we  have  devised  a  method  for  the  deter- 
mination of  tryptophane  dependent  on  the  fact  that  when  trj^pto- 
phane  is  hberated  by  heating  the  protein  with  hydrochloric  acid 
in  the  presence  of  Ehriich's  reagent  (2>dimethylaminobenzalde- 
hyde),  a  reaction  takes  place  resulting  in  the  production  of  an 
intense  blue  color.  Although  Ehrlich  used  a  solution  of  very 
dilute  sodium  nitrite  to  aid  in  the  production  of  the  blue  color, 
the  present  authors  have  not  used  any  sodium  nitrite  for  the 
development  of  the  blue  color.  We  have  tried  various  methods 
of  hydrolysis  of  the  proteins  including  the  pancreatic  digestion 
method  of  Herzfeld,'  hydroh'sis  by  means  of  the  Ba(0H)2  method 
of  Homer,-  and  hydrolj-sis  by  means  of  varying  concentrations 
of  acids  at  vai-ying  temperatures  for  varying  times  and  have  found 
what  we  believe  to  be  the  best  conditions  for  the  development  of 
the  color.  We  have  taken  the  tryptophane  content  of  casein 
as  our  standard  and  have  compared  the  various  other  proteins 
with  this  standard.  We  calculated  the  tryptophane  content  of 
the  various  proteins  on  the  laasis  that  1.5  gm.  of  tryptophane  were 
yieldeil  by  the  hydrolysis  of  100  gm.  of  casein. 

As  results  of  preliminary  work  in  the  development  of  the 
method  we  used  later  for  the  determination  of  the  tryptophane 
content  of  some  twelve  iiurified  proteins,  we  established  the 
following  facts. 

An  intense  blue  color  suitable  for  colorimetric  comparisons  was 
produced  by  the  amount  of  tryptophane  present  in  0.1  gm.  of 
casein  liydrolyzcd  and  diluted  to  a  volume  of  100  cc. 

1  Horzfeld,  E.,  Biochem.  Z.,  1913,  Ivi,  258. 

2  Homer,  A.,  J.  Biol.  Chem..,  1915,  xxii,  369. 
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The  /j-dimethj'laniinobenzaldchyde  reagent  (a  5  per  cent  solu- 
tion of  the  aldehyde  in  10  per  cent  sulfuric  acid),  produced  more 
color  when  it  was  added  to  the  digestion  mixture  of  protein  before 
hj-drolysis  had  taken  place.  Only  as  little  as  1 .0  cc.  of  the  reagent 
was  necessary  for  the  production  of  the  niaxunum  intensity  of 
color  when  working  with  0.1  gm.  of  dry  protein. 

The  best  conditions  for  hydrolysis  of  the  protein  were  obtained 
when  50  cc.  of  concentrated  c.p.  HCl,  50  cc.  of  water,  and  1.0 
cc.  of  the  reagent  were  mixed.  To  this  mixture,  weighed  portions 
of  protein  (0.05  to  0.1  gm.)  were  added  and  the  mixture  was  in- 
cubated at  35°C.  for  24  hours  and  then  allowed  to  stand  24  hours 
or  longer  at  room  temperature.  This  procedure  gave  blue-colored 
solutions  when  tryptophane-containing  proteins  were  hydrolyzed. 
The  solutions  varied  only  in  intensity  of  color.  When  the  hydroly- 
sis was  brought  about  by  other  means,  there  resulted  solutions 
of  less  intense  blue  co!(^r  or  solutions  of  a  green  or  reddish  shade. 

The  color  produced  was  permanent  for  at  least  10  days  and 
probably  for  a  considerably  longer  time. 

The  authors  hydrolyzed  thu-teen  proteins  as  follows;  0.05  gm. 
and  0.1  gm.  portions  of  each  protein  were  accurately  weighed  and 
added  to  separate  solutions  of  100  cc.  of  1:1  c.p.  HCl  containing 
1  cc.  of  Ehrlich's  ^j-dimethylaminobenzaldehyde  reagent.  The 
digestions  were  at  35°  C.  for  24  hours  followed  by  a  standing  in- 
terval for  40  hours  at  room  temperature.  The  resulting  solu- 
tions were  all  clear  and  possessed  a  clean  blue  color.  These 
solutions  were  matched  colorimetrically  in  a  colorimeter.  Table 
I  shows  the  results. 

Since  the  above  work  was  finished,  Folin  and  Looney'  have 
published  some  results  relative  to  the  tryptophane  content  of 
several  proteins.  We  did  not  study  the  same  proteins  that  they 
studied.  The  last  column  in  Table  I  shows  the  particular  pro- 
teins we  studied  iu  common  and  the  figures  given  represent  the 
results  of  the  work  of  Folin  and  Looney.  They  are  given  here 
for  the  sake  of  comparison. 

'  Folin,  O.,  and  Looney,  J.  M.,  J.  Biol.  Chcm.,  1922,  li,  433. 
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TABLE  I. 


Protein  compared 

with  0.1  gm.  casein 

standard. 

Amount. 

Colorimeter 
reading  of 
unknown. 

Colorimeter 

reading  of 

0.1  gm. 

casein 

solution. 

Tryptophane 
content  in 
the  protein. 

Tryptophane 

content  in 

the  protein 

(Folin  and 

Looney). 

t/m. 

mm. 

mm. 

per  cent 

per  cent 

Casein     

0.05 
0.05 

50 
50 

25 
40 

1.5 

2.4 

1..54 

Lactalbumin 

tt 

0.1 

50 

SO 

Gliadin 

0.05 
0.1 

100 
50 

35 
35 

1.05 

1.14 

Glutenin 

0.05 

50 

30 

1.80 

1.68 

(( 

0.1 

50 

60 

Edestin 

0.05 
0.1 

0.05 

50 
50 

50 

27 
50 

28 

1.5 

1.65 

1.4 

tt 

Glycinin 

tt 

0.1 

50 

55 

Ovovitellin 

0.05 

50 

33 

1.74 

** 

0.1 

50 

58 

Egg   albumin 

0.05 

100 

38 

1.11 

1.23 

it                  iC 

0.1 

50 

37 

Phapeolin 

0.05 

100 

27 

0.80 

(( 

0.1 

100 

53 

Maize  gluten 

0.05 

100 

37 

1.08 

tt         ti 

0.1 

50 

36 

Legumin  (vetch) . 

0.05 

100 

35 

1.05 

tt              It 

0.1 

50 

35 

Zein           

0.05 
0.1 

0.05 
0.1 

No  color. 

'*         it 

0.00 
0.00 

O.CO 

Gelatin 

0.00 
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SUMMARY. 


1.  Only  by  gentle  hydrolysis  of  a  protein  can  the  whole  of  the 
tryptophane  be  obtained.  With  more  vigorous  conditions  for 
the  hydrolysis,   a  portion  of  the  tryptophane  is  lost. 

2.  The  best  time  to  form  the  product  of  condensation  of  tryp- 
tophane and  p-dimethylaminobenzaldehyde  is  during  the  libera- 
tion of  the  tryptophane  from  the  protein  molecule  before  it  has 
a  chance  to  be  decomposed  by  the  excess  of  free  mineral  acidity. 

3.  The  color  of  the  digestion  mixtures  varies  directly  as  the 
tryptophane  content  of  the  proteins. 

4.  The  method  has  a  great  advantage  in  that  only  small  amounts 
of  material  are  needed  for  the  determinations. 

The  authors  wish  to  express  their  gratitude  and  thanks  to 
Dr.  T.  B.  Osborne  of  the  Connecticut  Agricultural  Experiment 
Station  for  furnishing  them  with  the  purified  proteins  needed  in 
carrjang  on  this  work. 


YEAST  AS  A  SOURCE  OF  VITAMINE  B  FOR  THE 
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-Although  the  rations  which  are  commonly  used  in  the  biological 
method  of  food  analysis  are  usually  referred  to  as  purified,  the 
fact  remains  that  the  ideal  pure  ration  has  not  been  attained.  It 
is  a  comparatively  easy  matter  to  prepare  pure  casein  (the  protein 
coimnonly  used  in  such  rations),  pure  dextrin,  and  a  chemically 
pure  salt  mixture,  but  when  the  food  factors  are  added  wliich  are 
necessary  for  the  growth  and  well  being  of  an  animal,  the  extent 
to  which  these  purified  constituents  are  being  contaminated  with 
unknown  substances  in  many  cases  is  not  fully  appreciated.  Be- 
cause it  is  necessary  to  add  comparatively  small  amounts  of  these 
accessory  factors  in  order  to  promote  satisfactory  growth,  the 
same  care  has  not  been  taken  in  securing  them  as  pure  from  un- 
necessary contamination  as  has  been  done  in  securing  pure  protein, 
carbohydrate,  and  inorganic  salts.  For  example,  the  factors 
vitamines  A  and  B  are  obtained  from  certain  animal  and  plant 
tissues  and  for  this  reason  are  difficult  to  separate  from  other  cell 
constituents  with  wliich  they  are  associated.  In  fact  there  have 
been  few  attempts  to  obtain  either  of  these  vitamines  in  the  pure 
state. 

Possibly  vitamine  A  is  more  easily  obtained  in  a  condition  less 
contaminated  by  adhering  substances  than  vitamine  B.  In 
animal  fats,  at  least,  with  the  possible  exception  of  cod  liver  oil, 

*  Published  with  the  approval  of  the  Director  as  paper  No.  341,  Journal 
Series  Minnesota  Agricultural  Experiment  Station.  A  preliminary  report 
appears  in  the  Proceedings  of  the  Society  for  Experimental  Biology  and 
Medicine  (Kennedy,  C,  and  Palmer,  L.  S.,  Proc.  Soc.  Exp.  Biol,  and  Med., 
1921-22,  xix,  362)." 
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\-itamine  A  is  associated  almost  entirely  with  substances  of  a 
known  chemical  character  such  as  glycerides,  sterols,  phosphatides, 
and  pigments,  whose  role  in  nutrition  can  be  and  has  been  meas- 
ured. Not  as  much  is  known,  however,  regarding  the  chemical 
character  of  the  substances  in  extracts  from  both  animal  and  plant 
tissues.  There  is,  moreover,  no  satisfactory  standard  by  which 
to  judge  the  purity  of  either  vitamine,  and  there  will  not  be  such 
a  standard  until  the  nature  of  the  vitamines  themselves  is  under- 
stood. The  amount  of  nitrogen  present  is  not  wholly  satisfactory 
as  a  gauge  of  the  purity  of  vitamine  preparations,  but  at  present 
is  practically  the  only  one  available.  In  extracting  vitamine  B, 
at  least,  from  either  plant  or  animal  tissue  the  majority  of  the 
extraneous  substances  extracted  are  of  a  nitrogenous  character. 

It  is  important  in  certain  lines  of  work  that  a  minimum  amount 
of  unloiown  nitrogen  be  added  to  the  ration  and,  in  fact,  it  is 
desirable  in  any  case  where  the  ration  is  in  all  other  respects 
highly  purified  to  add  with  the  accessory  food  factors  just  as  small 
amounts  as  possible  of  substances  of  unknown  character.  For 
example,  if  as  active  a  preparation  of  vitamine  B  can  be  obtained 
after  reducing  the  amovmt  of  nitrogen  present  by  means  of  a  special 
manipulation,  then  it  is  desirable  to  use  such  a  preparation  of  the 
active  factor  with  every  purified  ration.  With  this  consideration 
in  mind,  we  have  endeavored  to  ascertain  whether  or  not  we  could 
replace  \nth  yeast  the  wheat  embrj^o  preparation  of  vitamine  B 
we  have  been  using  in  our  work. 

For  several  years  it  has  been  generally  considered  that  yeast  is  a 
very  rich  source  of  vitamine  B;  in  fact  it  is  more  generally  used, 
in  experimental  work,  as  a  source  of  this  factor  for  purified  rations 
than  any  other  naturally  occurring  food.  For  this  reason  and  also 
because  it  is  inexpensive  and  easily  prepared  for  use,  we  desired  to 
adopt  it  as  a  source  of  this  vitamine  instead  of  the  more  difficultly 
prepared  wheat  embryo  extract.  The  results  which  we  have  ob- 
tained have  been  somewhat  of  a  surprise  to  us  inasmuch  as  the 
potency  of  yeast  as  a  source  of  vitamine  B  has  apparently  never 
been  questioned. 

Hopkins  (1),  who  was  the  first  to  add  yeast  to  a  purified  ration, 
reported  that  the  alcohohc  extract  of  yeast  added  to  purified 
rations  gi-eatly  accelerated  growth  in  young  rats.  Funk  and 
Macallum  (2)  have  shown  that  if  1  per  cent  of  the  ration  is  yeast, 
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young  rats  will  grow  for  a  short  time,  after  which  they  begin  to 
decline;  but  that  if  at  least  3  per  cent  is  added,  satisfactory  growth 
results.  Drummond  (3)  has  produced  satisfactory  growth  in 
young  rats  when  from  3  to  6  per  cent  of  the  ration  consisted  of 
dried  yeast,  although  6  per  cent  gave  more  satisfactory  growth 
than  3  per  cent.  The  same  author  has  also  shown  that  marmite, 
a  commercial  preparation  of  yeast  extract  used  as  a  substitute 
for  meat  extract  in  the  preparation  of  soup  cubes,  will  produce 
satisfactory  growth  when  equal  to  6  per  cent  of  the  ration. 

Macallum  (4)  found  that  either  2  or  6  per  cent  of  dried  brewer's 
yeast  gave  satisfactory  results  over  short  periods  of  time,  but 
that  for  prolonged  feeding  experiments  fresh  whole  yeast  or  auto- 
lyzed  yeast  Uquor  was  necessary  for  the  maintenance  of  the  normal 
growth  rate.  He  attributed  the  failure  to  grow  on  dried  yeast 
for  longer  periods  of  time  to  deterioration  of  the  growth  factor 
through  drj-ing,  for  when  fresh  moist  yeast  was  substituted  in 
amounts  equivalent  to  the  amount  of  dried  yeast  used,  there  was 
an  immediate  resumption  of  growth.  However,  in  the  growth 
curves  presented  by  Macallum  for  experiments  of  prolonged  dura- 
tion, there  is  seen  a  decided  flattening  of  the  curve  at  about  the 
100th  day  of  the  experiment,  which,  of  course,  may  have  been  due 
to  insufficient  amounts  of  both  vitamines  B  and  A  as  no  source  for 
\'itamine  A'  was  provided  in  the  ration.  That  the  yeast  is  in 
part  responsible  for  the  flattening  of  the  curves  is  shown  by  the 
fact  that  even  the  growth  curves  for  the  rats  which  received  18 
per  cent  butter  fat  in  their  rations  flattened  considerably  at  about 
the  same  time. 

Hawk,  Fishback,  and  Bergeim  (5)  have  reported  satisfactory 
growth  in  young  rats  on  rations  which  carried  5  per  cent  of  the 
dried  household  compressed  yeast  (Fleischmann)  as  their  sole 
source  of  vitamine  B.  None  of  these  experiments  extended  over 
periods  of  from  10  to  13  weeks,  a  period  in  which  we  have  shown 
that  young  rats  may  grow  normally  on  a  ration  of  low  vitamine 
content  (6).  Osborne  and  Mendel  (7)  have  fed  small  quantities 
of  dried  brewer's  yeast  either  separately  or  incorporated  in  their 

'  That  i\Iacallum  obtained  remarkably  good  growth  for  a  period  of  100 
days  on  a  purified  ration  which  contained  lard  (autoolaved  for  3  hours  at 
120°C.)  as  the  only  fat  may  be  exphiined  by  the  fact  that  the  casein  in  his 
ration  mav  have  carried  a  small  amount  of  vitamine  .\. 
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purified  food  mixtures  to  render  these  mixtures  as  efficient  for 
promoting  growth  as  those  that  contained  their  natural  protein- 
free  millv.  With  1.5  per  cent  of  dried  yeast  to  furnish  the  growth- 
promoting  vitamine  B  j'oung  rats  of  50  gm.  body  weight  grew  to 
maturity  and  sometimes  produced  young,  although  none  was 
reared.  Later  (8)  they  state  that  although  rats  will  grow  to 
adult  size  when  yeast  is  the  sole  source  of  vitamine  B,  the  rats 
are,  with  few  exceptions,  sterile.  They  also  state  that  yeast  is 
not  as  efficient  as  their  naturally  occurring  food  products  in  pro- 
moting growth. 

Although  no  attempt  has  been  made  to  give  a  complete  rfeume 
of  the  literature  bearing  on  the  use  of  yeast  as  a  source  of  vitamine  B 
for  purified  rations,  the  conclusions  can  be  drawn  that  yeast  is 
quite  generally  accepted  as  a  reliable  source  of  the  factor. 

In  the  work  which  will  be  reported  in  this  paper  it  has  been  our 
endeavor  to  find  out  the  lowest  level  at  which  yeast  could  be  fed 
to  growing  rats  and  still  produce  results  which  were  as  satisfactory 
as  those  given  by  the  use  of  the  alcohohc  extract  of  ether-extracted 
wheat  embryo.  We  have  fed  groups  of  rats  in  colonies  on  a  basal 
ration  of  purified  casern  18  per  cent,  salts  (9)  3.7  per  cent,  agar 
2  per  cent,  butter  fat  5  per  cent,  with  dextrin  to  make  100  per  cent, 
and  have  supplied  the  vitamine  B  in  the  form  of  dried  yeast  of 
various  sources,  both  as  an  integral  part  of  the  ration  or  separately 
in  the  form  of  a  tablet.  In  reporting  our  results,  we  have  taken 
into  consideration  the  amount  of  nitrogen  added  to  the  ration  by 
the  yeast  and  also  the  actual  weight  of  pure  yeast  that  was  neces- 
sary to  add  to  obtain  growth.  We  believe  that  this  last  considera- 
tion is  of  importance,  and  should  be  taken  into  account  in  reporting 
the  amount  of  yeast  used.  Unless  the  yeast  is  prepared  especially 
for  laboratory  use,  it  will  be  diluted  with  starch  or  other  "filler." 
Previous  investigators  have  apparently  either  failed  to  take  this 
into  account  or  have  not  reported  their  results  on  the  basis  of  the 
actual  amount  of  yeast  fed.  The  result  is  that  it  is  not  possible 
to  compare  their  data. 

Experimenl  1,  Lots  1,2,3,  4,  and  5,  Chart  1  —Tha  yeast  usfd  in  Lots  1  to  4 
of  this  experiment  was  a  baker's  yeast  (Fleischmann)  containing  about  16 
per  cent  yeast  in  the  fresh  condition.  As  soon  as  received  at  the  laboratory, 
the  yeast  was  crumbled  into  small  pieces  and  dried  as  rapidly  as  possible  at 
room   temperature   before  an  electric  fan.   The   dried  product  contained 
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approximately  40  per  cent  yeast,  the  remaining  ingredient  being  practically 
all  starch,  which  is  added  by  the  manufacturer  primarily  to  increase  the 
keeping  qualities  of  the  yeast.  This  yeast  was  added  to  the  rations  to 
furnish  pure  yeast  in  amounts  varying  from  O.S  to  4  per  cent  (equivalent  to 
2  to  10  per  cent  of  the  dried  product).  In  Lots  1  and  2,  which  received, 
respectively,  0.8  and  1.6  per  cent  of  the  pure  yeast  in  their  ration,  Rat  214 
was  the  only  individual  whose  growth  curve  approximated  normal.  Two 
of  the  six  rats  in  Lot  3.  whose  ration  contained  2.4  per  cent  pure  yeast 
(equivalent  to  6  per  cent  dried  product)  made  normal  growth  for  12  weeks 
which  was  the  duration  of  the  experiment.  Three  of  the  four  rats  in  Lot  4, 
receiving  4  per  cent  of  the  pure  yeast  (equivalent  to  10  per  cent  of  dried 
product),  made  practically  normal  growth  except  for  the  last  4  weeks  of  the 
experiment  when  there  was  a  decided  flattening  of  their  growth  curve. 
There  were  no  indications  that  the  increasing  concentrations  of  yeast  in  the 
rations  of  the  rats  of  Lots  1  to  4  had  the  accumulative  stimulating  effect  on 
the  appetite  which  might  be  inferred  from  the  reports  of  the  results  of  yeast 
feeding  to  animals  suffering  from  a  complete  absence  of  vitamine  B.  For 
example,  Karr  (10)  and  Cowgill  (11)  have  found  that  yeast  will  restore  the 
appetite  of  dogs  which  had  been  fed  on  diets  lacking  vitamine  B  and  were 
in  the  condition  of  self-imposed  inanition  which  precedes  polyneuritis. 
Apparently  one  is  not  jusified  in  concluding  from  these  results  that  addition 
of  yeast  to  diets  merely  deficient  in  vitamine  B  will  bring  about  a  similar 
stimulation  to  the  appetite. 

Nine  of  the  twenty-two  rats  in  Lots  1  to  4  were  females  but  none  of  these 
produced  young  during  the  period  of  the  experiment. 

Lot  5  was  fed  a  dried  brewer's  yeast  obtained  fresh  from  a  local  brewery. 
When  received  at  the  laboratory,  this  yeast  was  in  the  form  of  a  fluid  con- 
taining considerable  of  the  wort  still- undergoing  fermentation.  It  was 
dried  to  about  one-fourth  of  its  volume  in  a  hot  air  current,  the  drying  being 
then  completed  in  a  hot  water  oven.  The  product  was  of  a  dark  brown 
color  and  had  an  intensely  bitter  taste.  During  the  first  4  weeks  of  the 
experiment,  the  basal  ration  contained  2  per  cent  of  this  yeast,  ajid  during 
this  period  only  one  individual,  Rat  362,  made  normal  growth.  On  increas- 
ing the  level  of  the  dried  yeast  to  10  per  cent  of  the  ration,  the  growth  was 
stimulated  somewhat  but  at  the  end  of  10  weeks  in  no  case  was  the  weight 
greater  than  one-half  the  normal  for  that  age.  When  these  rats  were 
transferred  to  the  rations  of  our  breeding  colony,  which  consists  of  mixed 
grains,  meat  scraps,  and  milk,  their  growth  curves  arose  sharply  toward  the 
normal.  When  the  same  yeast  was  fed  separately  to  the  rats  in  Experiment 
2  at  the  rate  of  0.2  and  0.4  gm.  per  day  per  rat,  the  results  were  no  better 
than  when  the  yeast  was  incorporated  in  the  ration  at  the  level  of  10  per 
cent.  The  failure  of  the  brewer's  yeast  used  in  this  experiment  to  promote 
normal  growth  is  surprising  in  view  of  the  fact  that  Osborne  and  Mendel 
have  had  remarkable  success  with  this  kind  of  yeast.  This  failure  of  our 
yeast  to  supply  sufficient  amounts  of  vitamine  B  to  promote  normal 
growth  may  be  due  either  to  large  amounts  of  impurities  in  the  yeast  or  to 
(lur  mode  of  preparing  it  for  vise. 
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Chart  1. 
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Chaut  1.  The  curves  of  Lots  1  to  5  inclusive  represent  the  rate  of  growth 
of  the  rats  which  obtained  their  vitamine  B  from  air-dried  baker's  yeast 
mixed  in  the  ration  in  the  following  proportions : 

Lot  1 2  per  cent  yeast  equivalent  to  0.8  per  cent  pure  yeast. 

"    o  4   t<        *'         "  "  "16"        "         **  *' 

"    4  10  "        "        "  "  "  4.0  "        "        "  " 

The  ration  of  Lot  5  contained  2  per  cent  of  dried  brewer's  yeast  for  the 
first  4  weeks  of  the  experiment  when  the  amount  was  increased  to  10  per 
cent.  As  there  was  no  indication  that  growth  would  be  normal  on  this 
amount,  the  rats  were  taken  off  of  the  experimental  feeding  at  the  end  of  10 
weeks  and  put  on  our  stock  food  with  the  result  that  the  curves  arose 
abruptly  toward  the  normal.  The  rats  of  Lot  6  received  the  same  basal 
ration  as  the  rats  of  the  other  groups  with  the  exception  that  vitamine  B  was 
derived  from  the  alcoholic  extract  of  wheat  embryo  instead  of  yeast. 
Each  100  gm.  of  ration  carried  the  extract  of  15  gm.  of  wheat  embryo. 
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Experimenl  2,  Lots  7,  8,  and  9,  Chart  2. — The  results  of  Experiment  1 
were  so  unsatisfactory  and  unlike  those  of  other  investigators  using  yeast 
as  a  source  of  vitamine  B  that  we  decided  that  either  the  rats  did  not  eat 
enough  of  their  food  to  get  the  required  amount  of  vitamine  or  else  the  type 
of  yeast  was  at  fault.  We  therefore  modified  the  procedure  by  feeding  the 
same  yeast  separately  from  the  ration  in  the  form  of  pellets.  As  there  was 
no  difficulty  in  getting  the  rats  to  eat  the  entire  pellet,  failure  of  the  rats  to 
grow  on  their  allotted  amount  could  only  mean  that  there  was  not  enough 
vitamine  in  the  yeast  to  promote  normal  growth.  For  the  first  4  weeks  of 
the  experiment  the  rats  of  Lot  7  were  given  pellets  made  of  0.2  gm.  of  dried 
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Ch.'^rt  2.  These  rats  derived  their  vitamine  B  from  yeast  pellets  fed  separate; 
from  the  ration.  For  the  first  -1  weeks  of  the  experiment  (point  x  on  curve)  the  rats  ( 
Lot  7  received  daily  0.2  gm.  pellets  of  brewer's  yeast.  Pellets  of  baker's  yeast  weigl 
ing  0.2  gm.  were  then  fed  up  to  the  point  marked  1  on  curve,  when  the  amount  i 
yeast  was  increased  to  0.6  gm.  The  rats  of  Lot  8  were  given  pellets  of  brewer  s  yea 
weighing  0.4  gm.  up  to  the  point  marked  x  on  curve,  when  the  yeast  was  changed  i 
baker's  yeast  and  fed  in  the  same  amount  to  the  point  marked  1  on  curve.  1 
amount  was  then  increased  to  0.6  gm.  The  rats  of  Lot  9  received  daily  from  tl 
beginning  of  the  experiment  pellets  of  baker's  yeast  weighing  0.0  gm. 
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brewer's  yeast.  Three  of  the  five  rats  failed  to  make  any  growth  during  this 
period,  one  rat,  No.  385,  made  about  three-fourths  normal  growth,  and 
another  rat,  No.  383,  made  better  than  normal  growth.  As  the  rats  of 
Lot  8  were  getting  this  s.ame  yeast  at  a  higher  level,  i.e.  0.4  gm.  daily,  and 
were  also  far  below  the  normal  in  their  growth,  both  lots  were  changed  at 
this  point  to  the  baker's  yeast  used  in  Experiment  1  made  into  pellets  con- 
taining O.OS  and  0.10  gm.  of  pure  yeast,  respectively,  (equivalent  to  0.2  and 
0.4  gm.  of  dried  product).  In  Lot  7  two  of  the  rats,  Nos.  383  and  387,  and 
in  Lot  S  Rats  392  and  393  made  very  satisfactory  growth  on  these  amounts 
but  as  the  other  rats  of  the  groups  were  still  below  normal,  the  amount 
given  each  group  was  increased  (point  1  on  curves)  to  0.24  gm.  of  pure  yeast 
(equivalent  to  0.6  gm.  of  dried  product).  This  increase  in  the  amount  of 
yeast  given  caused arenewal  of  growth  so  that  all  the  rats  wereof  practically 
normal  weiglit  at  the  end  of  the  experiment  which  lasted  24  weeks.  Four 
of  the  ten  rats  were  females,  and  although  there  were  some  indications  that 
one  of  them  had  young  during  the  last  week  of  the  experiment,  there  was  no 
evidence  of  the  young  obtained  as  she  had  been  left  in  the  colony  and  the 
other  rats  had  probably  destroyed  them.  There  were  no  other  cases  of 
reproduction. 

The  rats  of  Lot  9  received  0.24  gm.  of  pure  yeast  (equivalent  to  0.6  gm.  of 
dried  product)  throughout  the  period  of  the  experiment.  Very  good 
growth  and  some  reproduction  was  obtained  on  this  amount  of  yeast. 
However,  the  mothers  destroyed  their  young.  It  is  a  fact  worth  noting 
that  of  twenty-four  females  used  in  the  entire  work  with  yeast,  only  five  had 
young  and  these  young  were  in  no  sense  vigorous,  normal  rats.  We  are 
not  prepared  to  say  whether  this  absence  of  normal  reproduction  is  due  to  a 
deficiency  in  vitamine  B  or  to  some  other  property  of  the  yeast.  Osborne 
and  Mendel  (7,  S)  have  also  observed  infertility  in  rats  in  whose  rations 
yeast  was  the  sole  source  of  vitamine  B.  They  do  not,  however,  consider 
that  lack  of  reproduction  was  caused  by  the  yeast  per  se  as  two  out  of  four 
rats  which  had  been  fed  for  a  long  period  of  time  on  rations  containing  30  to 
40  per  cent  yeast  proved  fertile  when  mated  withvigorous  females  which  had 
grown  up  on  a  normal  mixed  ration.  It  would  seem,  however,  that  the 
relation  of  yeast  feeding  as  the  sole  source  of  vitamine  B  to  successful  repro- 
duction and  lactation  would  be  determined  only  where  individuals  of  both 
sexes  were  on  a  par  as  far  as  the  diet  was  concerned.  This  was  the  case  in, 
our  experiments.  The  successful  matings  in  Osborne  and  Mendel's  experi- 
ments may  have  been  due  to  the  high  state  of  vigor  of  the  females  raised 
on  the  normal  diets. 

Chart  2  illustrates  a  point  which  we  have  frequently  noticed  in  connec- 
tion with  our  investigations  on  vitamines  which  seems  to  be  contrary  to  the 
ex-perience  of  others.  That  is,  if  the  feeding  work  is  begun  with  inadequate 
amounts  of  the  vitamine-containing  material  and  from  time  to  time  the 
amount  is  increased,  the  growth  curve  of  the  rat  seldom  duplicates  the 
normal  or  at  best  only  after  a  much  longer  period  than  when  the  larger 
amount  is  given  from  the  beginning  of  the  experiment.  For  example,  in 
Lots  7  and  S,  O.OS  and  0.16  gm.  of  pure  yeast  were  fed  to  the  point  marked  1 
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on  the  curves  wherC  in  each  case  the  amount  was  increased  to  0.24  gm.,  but 
with  few  exceptions  none  of  these  rats  presented  as  satisfactory  growth 
curves  as  those  of  Lot  9  to  which  0.24  gm.  of  yeast  was  fed  from  the  begm- 
ning  of  the  e.xperiment. 

Experiment  3,  Lot  10,  Chart  3.— Having  obtained  unsatisfactory  and 
variable  results  from  the  use  of  baker's  yeast  and  brewer's  yeast,  we  next 
tried  growing  a  yeast  under  laboratory  conditions  in  order  to  control 
the  ingredients  of  the  wort  upon  which  the  yeast  was  to  grow.    For  this 
purpose  we  made  a  wort  of  hops  and  ground  malt,  filtered  to  obtam  a  clear 
medium,  and  inoculated  the  filtrate  heavily  with  pure  culture  of  Saccharo- 
myces  cereiidcc.  When  active  fermentation  had  stopped,  the  wort  was  poured 
on  a  suction  filter,  thoroughly  washed,  and  then  dried  at  room  temperature 
before  an  electric  fan.    This  yeast  was  made  into  pellets  and  fed  to  the 
rats  in  the  usual  way  at  the  rate  of  0.2  gm.  daily.    Only  three  rats  were  used 
in  this  group  so  as  to  conserve  the  yeast  which  was  rather  difficult  to  make 
in  large  amounts  under  laboratory  conditions.    These  rats  made  a  con- 
tinuous slow  growth  but  were  considerably  undersized  at  the  end  of  5 
months.     Rat  .538  had  two  litters,  the  first  numbering  seven,  four  of  which 
died  soon  after  birth,  and  the  remaining  three  were  destroyed  within  a  few 
days  by  the  mother.    The  young  of  her  second  litter  were  weak,  had  sub- 
normal" temperature,  and  up  to  the  time  they  were  4  weeks  old  had  not  been 
observed  to  leave  the  nest.    At  this  time,  two  of  the  young  rats  were  placed 
in  the  mother's  feeding  dish  and  ate  of  the  ration.    Almost  immediately 
they  were  seized  with  convulsions  in  which  they  rolled  around  the  cage 
seemingly  in  great  pain  and  finally  died,  apparently  from  exhaustion.     W e 
can  offer  no  explanation  for  these  spasms,  but  they  would  seem  to  be  m  some 
way  connected  with  the  use  of  yeast  in  the  rations  of  the  mother  rat  as  we 
have  never  before  had  this  difficulty  with  any  of  our  rats.    Hartwell  (1-) 
has  noted  spasms  in  young  rats  whose  mother  was  on  a  high  protein  ration 
and  has  ascribed  the  difficulty  to  a  ration  too  rich  in  protem.    Hartwell 
states  that  "  It  is  possible  that  these  results  are  due  to  a  deficiency  of  some 
dietary  factor,  but  this  deficiency  is  only  evident  when  the  diet  is  too  rich 
in  protein      ...    A  similar  diet,  but  one  with  less  protem,  would  not  be 
deficient  "    McCoUum,  Shnmonds,  and  Pitz  (13)  have  reported  pronounced 
nervous  disturbances  resulting  in  death  in   nursing   rats   whose   mothers 
ration  contained  16  per  cent  casein  and  15  per  cent  whole  wheat.    These 
investigators  believed  that  the  spasms  were  due  to  a  deficiency  of  vitainine 
B  the  sole  source  of  which  was  the  whole  wheat.    The  protem  of  this  ration 
was  not  over  IS  per  cent.    We  (14)  have  reported  reproduction  and  success- 
ful'rearing  of  young  on  a  ration  carrying  22..5  per  cent  protein  derived 
from  18  per  cent  casein  and  15  per  cent  dried  egg  yolk.    In  this  ration  the 
protein  was  moderately  high  but  vitamine  B  was  supp bed  m  a  liberal 
amount  by  the  egg  yolk  and  also  by  the  alcoholic  extract  of  15  gm.  of  wheat 
embryo  per  100  gm.  of  ration.    From  such  results  it  seems  probable  that 
spasms  in  the  nursing  rat  are  not  necessarily  due  to  high  prot^ein  but  rather 
to  a  deficiency  of  vitamine  B.     The  possibility  remains,  however,  that 
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Chart  3.  These  rats  derived  their  vitamine  B'  from  yeast  pellets  fed 
separately  from  the  ration.  The  pellets  given  to  Lot  10  contained  0.2  gm, 
of  the  yeast  grown  in  this  laboratory.  The  rats  of  Lot  11  received  pellets 
made  from  distiller's  yeast  for  the  first  5  weeks  of  the  experiment.  As. 
this  yeast  showed  no  growth-promoting  properties,  it  was  changed  at  this 
time  (point  marked  .\  on  chart)  to  0.2  gm.  pellets  made  of  a  starch-free- 
yeast  (Fleischmann)  supplied  in  the  fresh  condition  and  dried  bj'  our  usual: 
method.  The  amount  of  yeast  was  increased  to  0.6  gm.  at  the  point  marked. 
1  on  the  curves.  In  Lot  12  the  pellets  given  the  first  4  weeks  of  the  experi- 
ment contained  0.2  gm.  of  a  special  starch-free  dried  yeast  furnished  by 
The  Fleischmann  Company.  As  there  was  an  indication  of  a  decline  on 
this  amount,  the  yeast  was  increased  to  0.4  gm.  daily.  In  this  lot  we  did 
not  wait  for  the  decline  to  extend  over  several  weeks  as  we  had  in  the  other 
experiments  because  of  the  difficulty  of  bringing  the  rats  back  to  the  nor- 
mal rate  of  growth  by  small  additions  of  the  deficient  factor.  However, 
this  increase  did  not  stop  the  decline.  The  dotted  part  of  the  curve  indi- 
cates the  time  during  which  the  rats  were  given  the  feed  of  our  stock  rats. 
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yeast  contains  some  other  factor  which  is  detrimental  to  the  rearing  of  the 

voung.  J 

'  Experiment  h,  Lot  11,  Chart  3.—X  dried  distiller's  yeast  was  used  to 
furnish  vitamine  B  for  the  first  4  weeks  of  this  exiJerunent.  Pellets  weigh- 
in"  0.3  gm.  each  were  given  daily  to  the  rats  to  the  end  of  this  period  when 
it  "became  apparent  that  normal  growth  could  not  be  made  on  this  yeast. 
This  yeast  was  then  replaced  by  the  same  amount  of  a  dried  starch-free 
veast"  (Fleischmann)  which  was  obtained  fresh  and  dried  by  us  in  the 
manner  previously  described.  This  change  stimulated  growth  to  a  con- 
siderable degree  but  at  the  end  of  12  weeks,  as  the  growth  curve  was  still 
far  from  normal,  the  amount  of  yeast  was  increased  to  0.6  gm.  daily 
(point  1  on  curves) .  This  had  practically  no  effect  except  that  one  female 
produced  a  litter  of  three,  two  of  which  died  soon  after  birth  and  the  other 
one  never  grew  normally.  .        ^     ,  ^  •     j 

Experiment  5.  Lot  1'2,  Chart  3.— The  rats  of  this  expermient  obtained 
their  vitamine  B  for  the  first  4  weeks  of  the  experiment  from  0.2  gm.  of  a 


TABLE  I. 


Source  of  vitamine  B. 


Dried  baker's  yeast. 
Fleischmann's  yeast. 


Wheat  embryo  extract  on 
dextrin. 


Amount 
of  product 
in  ration. 


per  cent 

2 

4 

6 
10 
11.4 


Nitrogpn 
content  of 
product. 


■per  cent 

5.05 
5.05 
5.05 
5.05 
0.905 


Approximate 

daily  nitrogen 

intake  in  form  of 

vitamine  B 

product. 


gm. 

0.005  -0.010 

0.010  -0.020 
0.015  -0.030 
0.025  -0.050 
0.0052-0.010 


Proportion 

total  nitrogen 

intake  as 

vitamine  B 

product. 


per  cent 

0.176-0.356 
0.352-0.704 
0.52(3-1.05 
0.880-1.76 
O.IS  -0  352 


dried  starch-free  veast  obtained  ready  prepared  from  The  Fleischmann 
Company.  For  the  first  4  weeks  of  the  experiment  these  rats,  with  one 
exception,  made  satisfactory  growth,  but  there  being  some  indications  of 
a  decline  at  the  end  of  this  time,  the  yeast  was  increased  to  0.4  gm  daily. 
This  amount,  while  it  may  have  arrested  the  decline,  did  not  brmg  the  rate 
of  growth  back  to  the  normal.  At  the  end  of  16  weeks  all  the  rats  were 
undersized  but  in  a  fairly  good  physical  condition.  There  was  no  reproduc- 
tion in  this  expermient.  At  the  end  of  the  experiment  these  rats  were 
given  the  stock  food  used  in  our  breeding  colony  which  greatly  stunulated 
growth  except  in  the  case  of  one  individual.  Rat  724,  so  that  within  3  w-eeks 
time  the  growth  curves  had  almost  reached  the  normal.  As  the  basal 
ration  used  in  these  experiments  was  known  to  be  adequate  in  all  respects 
except  in  vitamine  B,  which  was  furnished  by  the  yeast,  such  a  result  would 
show  that  vitamine  B  was  not  being  supplied  in  adequate  amount. 

The  amount  of  unknown  nitrogen  which  was  actually  added  to  the  ra- 
tions used  is  presented  in  Tables  I  and  II.     Column  4  of  Table  I  necessarily 
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states  only  the  approximate  amount  of  nitrogen  added,  as  the  rats  eating 
these  rations  were  kept  in  colonies  and  therefore  the  amount  of  food  con- 
sumed by  each  could  be  estimated  only.  Comparing  the  growth  curves  of 
Lots  1  to  5  inclusive  with  Lot  6  to  which  vitamine  B  was  furnished  by  the 
alcoholic  extract  of  wheat  embryo,  it  is  readily  seen  that  yeast  mixed  in 
the  ration  in  an  amount  as  high  as  10  per  cent  of  the  ration  does  not  give  as 
satisfactory  growth  as  the  same  ration  with  the  yeast  replaced  by  the 
alcoholic  extract  of  wheat  embryo  equivalent  to  15  gm.  of  embryo  per  100 
gm.  of  ration.  The  amount  of  unknown  nitrogen  consumed  daily  by  each 
rat  on  the  yeast  ration  is  from  0.025  to  0.050  gm.,  while  that  consumed  daily 
by  each  rat  on  the  ration  carrying  the  embryo  extract  varies  from 
0.005  to  0.01  gm.  These  figures  become  even  more  significant  when  cal- 
culated to  show  the  ratio  of  the  nitrogen  in  the  vitamine  product  to  the 
total  nitrogen  of  ration  (Column  5  of  Table  I). 

TABLE  II. 


Source  of  vitamine  B. 

Actu.al 

amount 

consumed 

daily. 

Nitrogen 

content  of 

product. 

Actual 

amount 

nitroeen 

added  to 

ration 

daily. 

Proportion 
total 

nitrogen 
in  intalie  aa 
vitamine  B 

product. 

Fleischmann's  (baker's)  air-dried 
yeast. 

Laboratory  yeast. 

Fleischmann's     starch-free     air- 
dried  yeast. 

Fleischmann's  special  starch-free 
yeast  for  laboratory  use. 

gm. 

0.2 
0.4 
0.6 

0.2 

0.2 
0.6 

0.2 
0.4 

per  cent 

5.05 
5.05 
5.05 

8.55 

7.66 
7.66 

7.66 
7.06 

gm. 

0.0101 
0.0202 
0.0303 

0.0171 

0.0153 
0.0459 

0.0153 
0.0306 

per  cent 

0.356 
0.711 
1.06 

0.602 

0..53S 
1.61 

0.538 
1.07 

In  Table  II  the  actual  nitrogen  intake  is  calculated.  Referring  to  Lot  9, 
Chart  2,  a  group  of  rats  that  approximated  normal  growth,  it  is  again  read- 
ily seen  that  their  growth  curves  are  not  as  good  as  those  of  Lot  6,  Chart  1 . 
Although  the  amount  of  nitrogen  actually  consumed  by  the  individuals  of 
each  group  is  not  wholly  comparable  because  of  the  difference  in  the  method 
of  feeding  the  vitamine  preparations,  it  can,  however,  be  safely  stated  that 
the  rats  of  Lot  9  consumed  daily  more  unknown  nitrogen  than  those  of 
Lot  0.  None  of  the  groups  included  in  Chart  3,  which  received  from  0.2  to 
0.6  gm.  of  yeast  per  day,  shows  satisfactory  growth.  These  amounts  of 
yeast,  in  addition  to  being  deficient  in  vitamine  B,  add  more  unknown 
nitrogen  to  the  ration  than  the  wheat  embryo  extract. 
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DISCUSSION    OF   RESULTS. 

Our  results  do  not  support  the  general  belief  that  yeast  is  an 
unusually  valuable  source  of  the  growth-promoting  vitamine  B, 
or  that  it  can  be  accepted  as  a  standard  product  in  experiments  in 
which  a  vitamine  B  preparation  is  required.  That  its  efficiency 
depends  in  part  upon  the  manner  in  which  it  is  fed  is  showai  by  the 
rats  of  Lot  8,  Chart  2,  to  which  the  yeast  was  fed  separately  from 
the  ration  at  the  rate  of  0.6  gm.  daily.  In  this  group  almost 
normal  growth  was  attained  and  some  reproduction,  though  the 
young  were  not  reared,  while  the  gro-svth  of  the  rats  of  Lot  4, 
Chart  1,  which  received  their  \'itamine  from  the  same  yeast  but 
mixed  in  the  ration  in  the  proportion  of  10  parts  of  yeast  in  100 
parts  of  ration  was  not  as  satisfactory.  But  even  under  our  most 
favorable  feeding  conditions  we  have  not  been  able  to  obtain  as 
satisfactory  growth  as  others  have  reported. 

The  reasons  for  these  results  are  purely  speculative.  Although 
the  type  of  yeast  may  have  a  bearing  on  its  abihty  to  absorb 
vitamine,  this  does  not  seem  probable.  Clark  (15)  has  shown 
recently  that  the  yeast  cell  quantitatively  removes  a  growth- 
stimulating  substance  (bios)  from  wort.  This  may  indicate  the 
manner  in  which  yeast  derives  the  bulk  of  its  vitamine  B.  A  more 
reasonable  \iew  would  be  that  the  character  of  the  wort  in  which 
the  yeast  is  grown  and  the  extent  to  which  the  yeast  has  functioned 
as  a  fermenting  organism  before  it  is  removed  from  the  wort  are  the 
important  considerations  in  producing  a  yeast  rich  in  vitamine 
B.=    By  analog}'  to  higher  plants  it  seems  probable  that  the  grow- 

« Professor  H.  Macy  of  the  Division  of  Dairy  Husbandry  kindly  made  a 
microscopic  count  of  the  total  number  of  yeast  cells  per  gram  of  yeast 
product  with  the  following  results: 


Yeast. 


Fleischmann  (bakers) 

Laboratory 

Distillers 

Fleischmann  (starch-free) 

"  special  starch-free  for  laboratories. 


Cells  per  gm. 


3,  300, 000, 000 
13, 200, 000, 000 

1,100,000,000 
25,  760, 000, 000 
11,360,000,000 


Since  the  number  of  cells  present  does  not  correspond  to  the  potency  of  the 
yeast  as  a  source  of  vitamine  B,  it  strengthens  the  assuniption  that  it  is  not 
the  yeast  per  se  which  is  the  active  agent. 


C.  Kennedy  and  L.  S.  Palmer  231 

inp;    functioning  yeast  cell  should    contain    larger  amounts    of 
vitamine  than  the  mature  resting  cell,  or  the  mere  budding  cell. 

In  our  opinion,  the  failure  of  our  rats  to  reproduce  normally 
and  rear  their  young  is  one  of  the  strongest  arguments  against  the 
use  of  yeast  as  a  source  of  vitamine  B.  However,  we  realize  that 
this  may  be  an  arbitary  standard  to  set  as  each  investigator  has 
his  own  standard  by  which  to  judge  satisfactory  nutrition.  We 
have  adopted  for  our  general  laboratory  practice  the  McCollimi 
standard  by  which  satisfactory  gi-owth  is  measured  by  the  attain- 
ment of  nomial  weight  and  physical  well  being  and  ability  to  re- 
produce and  rear  young  at  normal  intervals. 

Another  objection  to  the  use  of  yeast  as  a  source  of  vitamine  B 
is  that  if  it  is  necessary  to  add  large  amounts  of  yeast  in  order  to  be 
certain  of  securing  satisfactory  growth,  it  is  labor  lost  to  expend 
a  large  amount  of  effort  in  securing  highly  purified  casein,  dextrin, 
and  salts,  and  then  add  the  entire  cell  contents  of  an  actively 
growing  plant.  There  are  also  serious  objections  to  the  use  of 
alcoholic  extracts  of  many  of  the  naturally  occurring  foodstuffs 
as  a  source  of  vitamine  B.  The  leaves  of  plants,  if  cut  and  dried 
when  immature;  the  embryos  of  seeds;  and  all  glandular  animal 
tissue  contain  relatively  simple  nitrogenous  compounds  which 
dissolve  to  a  certain  extent  in  alcohol.  However,  this  unknown 
nitrogenous  material  is  added  in  smaller  amounts  to  a  purified 
ration  when  vitamine  B  is  furnished  by  extracting  wheat  embryo 
wdth  80  per  cent  alcohol  than  when  sufficient  yeast  is  added  to  the 
ration  to  furnish  this  factor.  10  per  cent  of  yeast,  adding  to  the 
ration  from  0.025  to  0.050  gm.  of  nitrogen  daily,  does  not  promote 
growth  as  efficiently  as  11.4  per  cent  embryo  preparation  which 
adds  to  the  ration  only  0.0052  to  0.01  gm.  of  nitrogen  (Table  I). 
When  the  yeast  is  fed  separately  from  the  ration,  the  amount  of 
nitrogen  added  to  the  ration  is  even  greater  (Table  II).  The 
amount  of  unknown  nitrogen  is  small  in  either  case  and  may  be  of 
no  special  importance  unless  the  experiment  is  intended  to  study 
the  relative  value  of  certain  proteins  or  amino-acids.  However, 
the  amount  of  unknown  material  added  to  an  otherwise  carefully 
purified  ration  is  greater  and  of  a  more  complex  nature  when  yeast 
is  added  than  when  an  alcoholic  extract  of  yeast  or  some  other 
vitamine-containing  foodstuff  is  employed. 
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SUMMARY. 

Yeasts  from  different  sources  liave  been  fed  to  experimental 
animals  to  ascertain  if  all  yeasts  were  equally  potent  sources  of 
vitamine  B. 

Two  methods  of  feeding  the  yeasts  were  employed.  In  one,  the 
yeast  was  mixed  in  a  purified  ration  whi^ch  was  adequate  as  to 
all  its  constituents  except  \ntamine  B.  In  the  other,  the  yeast  was 
fed  separately  in  the  form  of  a  pellet.  The  last  method  proved 
to  be  the  most  satisfactory. 

The  rats  were  kept  under  conditions  favorable  for  reproduction, 
but  only  in  a  very  few  instances  were  young  produced  and  these 
were  never  reared. 

A  comparison  is  shown  between  the  amount  of  unknowTi  nitrogen 
added  to  the  ration  when  an  adequate  amount  of  vitamine  B  is 
fed  in  the  fonn  of  yeast  and  wheat  embryo  extract. 

A  discussion  of  the  probable  reason  for  the  failure  of  yeast  as  a 
source  of  vitamine  B  is  given. 

In  conclusion,  we  wish  to  acknowledge  the  courtesy  of  The 
Fleischmann  Company  in  furnishing  yeast  for  this  work. 
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In  his  article  in  this  number  of  the  Joiu-nal,  Folin  (1)  presents 
some  material  which  may,  perhaps,  be  so  interpreted  as  to  confuse 
the  subject  of  uric  acid  determination.  The  data  given  by  him 
on  the  recovery  of  uric  acid  added  to  sheep  blood  are,  for  instance, 
of  little  service  in  connection  mth  the  determination  of  uric  acid 
in  hiunan  blood.  If,  as  Folin  reports,  the  blood  of  one  species 
(sheep)  behaves  differently  at  different  times  in  regard  to  uric 
acid  recovery,  such  results  would  hardly  furnish  ground  for  bas- 
ing a  conclusion  in  regard  to  the  beha\'ior  of  the  blood  of  another 
species.  Indeed  the  contradictory  results  reported  by  Folin  in 
this  connection  simply  emphasize  the  fact  that  uric  acid  deter- 
mination is  a  different  problem  for  the  blood  of  each  species. 
Without  quite  exhaustive  studies  upon  human  blood  it  would 
seem  unwise  to  adopt  conditions  such  as  are  advocated  by  Pucher 
(2)  or  the  exceedingly  slow  process  of  protein  precipitation  sug- 
gested but  not  urged  by  Folin  in  his  present  paper.  There  is 
little  reason  for  introducing  the  possibihty  of  new  errors  (as  in 
Pucher's  process)  or  of  prolongmg  the  precipitation  to  an  in- 
terminable degree  in  a  search  for  3  or  5  per  cent  of  uric  acid  which 
may  or  may  not  be  lost  when  the  original  Folin- Wu  process  is 
apphed  to  human  blood.  The  errors  involved  here,  if  indeed  such 
occur  at  all  in  human  blood,  are  in  any  case  of  such  small  magni- 
tude that  they  may  be  regarded  as  of  no  practical  significance. 
This  statement  is  based  upon  comparative  analyses  of  more  than 
70  samples  of  human  blood,  a  portion  of  each  of  which  was  precipi- 
tated by  (a)  the  Folin-Wu  procedure  and  (b)  by  heat  coagulation 
in  0.01  N  acetic  acid  by  immersion  in  boihng  water  and  final 
dilution  to  a  definite  volume  with  aluminum  cream,  followed  by 
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shaking  and  filtration.  Variation  by  the  two  methods  was  very 
small,  and  while  the  heat  coagulation  yielded  the  slightly  higher 
figures,  certain  findings  indicate  a  question  as  to  whether  the  small 
increment  obtained  was  uric  acid.  The  results  wll  be  reported 
in  detail  later  only  if  subsequent  work  shall  furnish  more  definite 
information  as  to  the  nature  of  the  substance  responsible  for  the 
small  fraction  of  a  milligram  increase  in  the  lu-ic  acid  figures 
obtained.  In  any  case  I  feel  that  the  discrepancy  by  the  two 
procedures  is  too  small  to  warrant  a  change  in  the  method  of  pro- 
tein precipitation  from  that  proposed  by  Folin  and  Wu.  And 
there  appear  to  be  no  definite  findings  reported  in  Folin's  present 
paper  which  would  lead  to  any  different  conclusion  for  human 
blood. 

In  the  latter  portion  of  his  paper  Folin  adopts,  with  reasonable 
exactness,  the  present  writer's  technique  for  direct  uric  acid  deter- 
mination in  blood,  and  urges  the  use  of  the  original  Folin-Denis 
reagent. 

Folin's  implied  criticism  of  the  present  writer  for  employing  a 
new  reagent  in  connection  with  a  radical  departure  in  uric  acid 
determination  may  justify  a  word  or  two  of  explanation. 
Throughout  all  my  early  work  directed  toward  obtaining  a  direct 
method  for  the  determination  of  uric  acid,  using  the  Folin-Denis 
'reagent,  progress  was  frustrated  at  practically  every  point  by 
the  turbidities  produced,  and  by  a  lack  of  proportionality  of  color 
when  very  little  uric  acid  was  used.  Through  use  of  the  new 
reagent  conditions  were  obtained  by  which  it  was  possible  to 
make  a  systematic  study  of  the  field  whereby  the  verj-  sensitive 
direct  method  for  uric  acid  determination  was  worked  out.  It  is 
not  especially  surprising  that  after  this  technique  was  developed 
by  means  of  a  reagent  especially  constructed  for  the  purpose, 
Folin  is  able  to  find  similar  conditions  under  which  he  can  make  use 
Of  the  old  reagent.  There  were  definite  reasons  why  I  made  no 
special  attempts  to  get  back  to  the  old  reagent  after  developing  the 
process  with  one  which  I  deem  more  suitable.  An  enormous 
amount  of  work  would  have  had  to  be  duplicated  to  prove  that 
results  would  be  similar.  Though  hundreds  of  analyses  might 
have  been  involved  here,  the  crucial  point  was  that  I  believed 
and  still  believe,  that  the  new  reagent  is  adequate  for  the  purpose 
for  which  it  was  constructed,   and  that  it  possesses  at  least  two 
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points  of  superiority  over  the  old  reagent.  These  are  (a)  that  the 
new  reagent  is  prepared  with  20  minutes  boiUng  as  compared  mth 
several  hours  boiling  necessary  for  the  old  reagent,  and  (5)  that 
the  new  reagent  has  less  tendency  to  turbidity  than  has  the  old. 
Folin  has  endeavored  to  meet  the  difficulty  involved  in  the  matter 
of  greater  tendency  to  turbidity  Ipy  three  variations  from  my  tech- 
nique; viz.,  the  use  of  lithium  salts,  heating  for  a  short  period  of  a 
definite  number  of  seconds,  and  finally  by  a  dilution  to  25  cc. 
instead  of  the  15  cc.  volume  which  I  adopted.  From  a  practical 
standpoint  it  is  obvious  that  these  modifications  rather  detract 
from  the  simplicity  of  the  process.  They  are  also  unnecessa^3^ 
All  my  reported  analyses  were  carried  out  upon  bloods  heavily 
oxalated  with  potassium  oxalate,  and  I  experienced  no  difficulty 
with  turbid  solutions.  If,  however,  turbidity  should  be  a  trouble- 
some factor  in  any  laboratory,  this  may  be  readily  overcome  by 
diluting  to  20  cc.  instead  of  to  15  cc.  Such  dilution  (of  both 
standard  and  unknown)  can  be  made  either  before  addition  of  the 
reagents  or  immediately  after  the  period  of.  heating.  While  I 
suggested  the  use  of  sodium  oxalate  in  place  of  the  potassium  salt, 
this  departure  is  in  no  way  necessary  for  the  successful  carrying 
out  of  the  direct  method. 

The  arsenic  phosphotungstic  acid  reagent  is  easily  prepared, 
and  appears  to  meet  the  demands  made  upon  it  for  both  blood  and 
urine  work.  After  all,  the  ease  of  preparation  of  a  reagent, 
and  its  general  suitability,  are  considerations  of  more  importance 
than  its  origin  or  its  age  in  the  literature.  The  Folin-Denis  re- 
agent was  not  the  first  phosphotungstic  acid  reagent  for  uric  acid 
in  the  literature  (cf.  Moreigne,  1905  (3)),  nor  is  it  probable  that 
any  of  the  present  reagents  will  be  the  last. 

A  further  point  in  FoHn's  present  paper  requires  conoment. 
This  relates  to  the  question  of  the  cyanide  solution  to  be  employed. 
Folin  mentions  what  I  have  already  called  attention  to  (4); 
viz.,  that  fresh  cyanide  solutions  yield  considerable  blanks  in  the 
uric  acid  method.  He  further  concludes  that  with  age  of  the 
solution  these  reducing  substances  disappear,  and  reconamends 
the  use  of  a  15  per  cent  sodium  cyanide  solution  which  is  at  least 
2  weeks  old.  I  encountered  these  same  findings,  and  reported 
that  the  addition  of  a  trace  of  ammonia  to  fresh  cyanide  solutions 
reduces  the  blank  yielded  by  them  to  practically  nothing.     It  is 
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reasonable  to  suppose  from  this  finding  that  the  anunonia  which 
forms  spontaneously  in  cyanide  solutions  is  responsible  for  the 
disappearance  of  the  blank,  and  the  addition  of  a  little  ammonia 
is  often  preferable  to  waiting  2  or  3  weeks.  It  should  also  he  noted 
that  15  per  cent  cyanide  solutions  are  very  unstable.  I  began  with 
tlu!  use  of  such  a  solution  and  found  that  figures  for  vu'ic  acid  in 
blood  ran  consistently  lower  as  such  solutions  increased  in  age, 
until  results  became  definitely  too  low  for  the  uric  acid  content  of 
the  blood  as  comjiared  with  the  old  method.  Hence  the  use  of  a 
15  per  cent  solution  of  cyanide  was  abandoned  in  favor  of  a  5 
per  cent  solution  to  which  was  added  a  trace  of  ammonia.  Such 
a  solution  decomposes  very  slowly,  and  yields  safe  and  consistent 
results  for  at  least  3  months  or  longer.  Addition  of  sodium  hy- 
droxide to  this  solution  is  quite  unnecessary. 

Folin  has  pursued  his  search  for  a  permanent  standard  solution 
of  uric  acid,  and  in  this  connection  reports  some  veiy  interesting 
findings  concerning  the  uric  acid-formaldehyde  standard  proposed 
several  years  ago  by  Folin  and  Denis.  While  I  have  not  been  so 
impressed  mth  the  necessity  of  a  permanent  uric  acid  standard  as 
Folin  has  been,  it  is  obvious  that  a  solution  of  uric  acid  which  can 
be  absolutely  depended  upon  for  a  period  of  6  months  or  longer 
would  be  a  very  definite  and  valuable  addition  to  uric  aciil  analy- 
sis. This  problem  requires,  however,  the  cooperation  of  many 
laboratories,  and  several  years  of  time  for  its  solution.  Uric  acid 
solutions  appear  to  behave  quite  differently  in  different  labora- 
tories. Therefore,  each  new  solution  proposed  must  be  checked 
up  by  the  indi\idual  worker  in  liis  own  laboratory.  The  standard 
solution  which  has  so  far  probably  met  with  most  general  approval 
is  the  phosphate  standard  proposed  by  Benedict  and  Hitchcock, 
which  has  been  found  to  keep  for  at  least  2  months  unless  subjected 
to  very  unusual  conditions  of  temperature. 

A  permanent  solution  of  uric  acid  might  be  obtained  through; 
(a)  lowering  the  dissociation  of  the  acid  to  a  negligible  point,  or 
(6)  through  reducing  the  oxygen  tension  of  the  solution  to  a  point 
where  oxidation  of  the  uric  acid  is  prevented.  Spontaneous  hy- 
drolysis of  uric  acid  at  ordinary  temperatures  appears  to  be  negli- 
gible, as  Folin  reports  aqueous  solutions  of  uric  acid  (containing 
sulfite)  which  have  remained  unaltered  for  at  least  2  years.  Folin 
believes  that  the  dissociation  of  the  uric  acid-formaldehyde  com- 
pound is  so  low  in  concentrated  solutions  that  such  solutions  may 
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prove  to  be  quite  permanent  in  their  uric  acid  value.  Of  course 
there  is  (as  e\ddenced  by  the  color-yielding  power)  very  appreciable 
dissociation  of  the  formaldehyde-uric  acid  compound  even  in 
strong  solution,  so  that  theoretically  there  wll  be  some  oxidation 
here.  Whether  such  oxidation  will  be  of  moment  can  be  deter- 
mined only  by  detailed  comparisons  in  many  laboratories.  Cer- 
tainly FoUn's  new  standard  appears  to  be  worthy  of  study. 

It  may  be  of  interest  to  describe  a  ui'ic  acid  solution  which  the 
present  wTiter  has  been  studying  for  6  months,  and  which  appears 
to  offer  promise  of  being  reasonably  permanent.  In  this  solution 
oxidation  oi  the  uric  acid  is  prevented  by  lowering  the  dissocia- 
tion by  means  of  hydrochloric  acid,  and  by  lowering  the  oxy:gen 
ten.sion  of  the  solurion.  Thus  solutions  of  the  full  dilution  re- 
quired for  blood  analysis  by  the  new  method  (0.02  mg.  in  5  cc.) 
have  been  kept  for  6  months  with  no  detectable  change  in  uric 
acid  value.'    Tlie  procedure  for  preparation  of  the  solution  is  as 

follows. 

About  8  Uters  of  the  dilute  standard  solution  required  for  the  uric 
acid  determination  in  blood,  and  containing  hydrochloric  acid,  are 
prepared  as  described  in  a  previous  paper  (4)  and  placed  in  a  clean 
dry,  narrow  mouthed  bottle  of  about  10  Uters  capacity.  This 
bottle  is  fitted  with  a  tight,  new,  clean,  2-holed  rubber  stopper. 
Through  1  hole  passes  a  long  glass  tube  reaching  neariy  to  the 
bottom  of  the  bottle,  and  which  after  passing  out  through  the 
stopper  is  bent  sharply  so  that  its  lower  end  reaches  somewhat 
below  the  bottom  of  the  bottle  on  the  outside.  The  end  of  this 
tube  is  fitted  with  a  short  piece  of  clean  rubber  tubing  and  a 
spring  clamp.  Through  the  other  hole  in  the  stopper  passes  a 
second  glass  tube  tcrnunating  an  inch  or  more  above  the  surface 
of  the  Uquid  in  the  bottle.  This  tube  is  preferably  bent  at  right 
angles  where  it  emerges  through  the  stopper,  and  is  also  fitted 
with  a  short  rubber  tube  and  a  spring  clamp.  A  Kipp  generator, 
charged  with  broken  marble  and  hydrochloric  acid,  and  fitted  with 
a  wash  bottle  is  now  connected  with  the  long  tube  wiiich  reaches 
neariy  to  the  bottom  of  the  standard  solution.  Both  spring  clamps 
on  tlie  tubes  to  the  bottle  are  opened,  and  a  moderately  brisk 
stream  of  carbon  dioxide  is  passed  through  the  solution  for  about 
30  minutes.  While  the  generator  is  still  turned  on,  the  outlet  tube 
from  the  bottle  is  first  closed  with  the  spring  clamp,  so  that  carbon 
dioxide  collects  in  the  bottle  under  pressure.     Then  the  inlet  tube 
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is  similarly  closed  and  the  generator  turned  off  and  disconnected. 
The  bottle  of  standard  solution  is  now  placed  upon  a  convenient 
shelf,  together  \vith  the  Kipp  generator.  The  latter  is  now  to  be 
connected  with  the  short  tube  which  terminates  above  the  solution, 
and  the  generator  stop-cock  opened  wide.  The  spring  clamp  which 
closed  this  tube  is  also  opened,  and  left  open.  Standard  solution 
can  now  be  withdrawn  as  needed  by  opem'ng  the  spring  clamp 
on  the  lower  tube,  and  the  volume  leaving  the  bottle  is  immediately 
replaced  bj^  carbon  dioxide  from  the  generator.  As  the  whole 
system  is  under  pressure  of  carbon  dioxide  there  is  no  tendency  for 
air  (oxygen)  to  enter  it  at  any  time.  The  first  few  cc.  of  solution 
withdrawn  are  best  discarded,  and  the  rest  kept  in  a  glass-stop- 
pered bottle.  This  solution  can  be  absolutely  relied  upon  for  2 
weeks  after  taking  it  from  the  large  bottle. 

While  the  apparatus  employed  here  may  appear  troublesome 
to  set  up,  it  really  requires  little  time  or  trouble,  and  once  set  up 
is  exceedingly  convenient.  If  it  is  desired  to  use  the  carbon 
dioxide  generator  for  another  purpose  it  can  be  removed  at  any 
time  after  closing  the  connecting  tube  with  the  spring  clamp. 
Of  course,  the  generator  must  be  connected  whenever  standard 
solution  is  withdrawTi,  and  we  prefer  to  employ  one  small  generator 
exclusively  for  this  purpose.  Solutions  thus  prepared  on  the  1st 
of  January,  1922,  and  kept  in  uncolored  bottles  in  a  warm  room 
near  a  radiator  had  lost  no  detectable  quantity  of  uric  acid  on 
Jime  20,  1922,  nearly  6  months  later.  What  the  limit  of  the  keep- 
ing quality  of  these  solutions  will  be  luider  widely  varying  con- 
ditions can  be  determined  only  by  prolonged  observation  in  many 
laboratories.  They  oiler  a  very  definite  advantage  in  requiring  no 
special  dilution  prior  to  use,  and  can  be  made  of  proper  strength 
for  the  direct  determination  of  uric  acid  in  urine,  if  desired. 
Several  bottles  of  standard  solution  may  be  connected  with  a 
single  generator  by  means  of  T-tubes,  if  desired.  The  hydro- 
chloric acid  appears  to  prevent  completely  bacterial  growth 
indefinitely. 
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Some  years  ago  Folin  and  Doisyi  caUed  attention  to  the  fact 
that  many  commercial  samples  of  picric  acid  are  unsuitable  for 
use  in  the  determination  of  creatinine  by  the  micro  methods, 
owing  to  the  fact  that  such  samples  may  j-ield  a  very  considerable 
amount  of  color  with  alkah  alone.  These  investigators  proposed 
as  a  test  for  the  purity  of  any  given  sample  of  picric  acid  that  after 
addition  of  alkali  as  used  in  the  determination  of  creatinine,  the 
resulting  solution  of  sodium  picrate  should  not  show  a  greater 
color  than  twice  that  of  the  picric  acid  solution  to  which  no  alkah 
had  been  added.  Folin  and  Doisy  also  suggested  a  procedure  for 
the  purification  of  picric  acid  so  that  it  would  be  suitable  for 
creatinine  determinations.  The  procedure  they  described  was 
based  essentially  upon  repeated  recrystallization  of  the  picric 
acid  as  the  sodium  salt. 

In  spite  of  the  fact  that  there  has  been  a  steady  demand  for. 
pure  picric  acid  for  a  number  of  years,  the  situation  m  regard  to 
this  product  has,  to  the  mind  of  the  present  writer,  been  steadily 
growing  worse.  Not  only  have  the  commercial  samples  failed  to 
measure  up  to  the  desired  standard  as  often  as  they  formerly  did, 
l>ut  many  of  these  samples  have  shown  no  improvement  even  after 
most  arduous  attempts  at  purification  by  means  of  the  Folin- 
Doisy  process.  The  procedure  suggested  by  Halverson  and 
Bergeim^  for  purification  of  picric  acid  in  another  connection  also 
faUed  to  improve  the  commercial  samples  to  the  slightest  extent 
for  purposes  of  creatinine  determination.     Indeed  the  situation 

I  Folin,  O.,  and  Doisy,  E.  A.,  J.  Biol.  Chem.,  1916-17,  xxviii,  349. 
»  Halverson,  J.  O.,  and  Bergeim,  O.,  J.  Biol.  Chem.,  1917,  xxxu,  lo9. 
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in  this  laboratory  finally  became  so  bad  that  wc  were  compellerl 
either  to  devise  a  means  for  satisfactory  purification  of  picric  acid 
or  to  abandon  creatinine  determinations. 

A  sj^stematic  study  of  the  question  was  therefore  started,  and 
a  great  number  of  different  procedures  were  tried.  Nearly  all  of 
these  resulted  in  olitaining  products  which  were  somewhat  less 
satisfactory  than  the  prochicts  from  which  we  started.  It  was 
finally  found,  however,  that  crystallization  from  benzene  con- 
stitutes a  very  satisfactory  method  for  the  purification  of  picric 
acid  for  creatinine  determination.  The  procedure  is  ideal  from 
the  practical  standpoint,  and  a  single  crystallization  from  benzene 
results  in  obtaining  an  excellent  picric  acid  from  the  very  worst 
commercial  sample  we  have  ever  encountered.  Following  is  the 
procedure. 

It  is  best  to  start  with  the  "technical"  grade  of  commercial 
picric  acid,  and  there  is  no  need  for  preliminary  removal  of  the 
10  per  cent  of  water  which  such  samples  contain.  400  gm.  of 
the  moist  picric  acid  are  placed  in  a  2  liter  Pj-rex  flask  and  1  liter 
of  pure  benzene  is  added.  The  mixture  is  heated  to  \'igorous 
boiling  on  an  electric  plate  with  occasional  shaking  at  first  to  avoid 
bumping.  Soon  after  the  boiling  point  is  reached  the  picric  acid 
practically  wholly  dissolves,  leaving  a  residue  of  dirt  and  foreign 
material,  together  with  the  water,  which  settle  quickly  to  the 
bottom  when  the  mixture  is  not  boiling.  The  hot  mixture  (as 
nearly  boiling  as  possible)  is  poured  ujoon  a  large  fluted  filter  which 
has  been  previously  moistened  with  benzene,  the  solution  being 
poured  slowly  enough  so  that  most  of  the  foreign  sediment,  to- 
gether with  the  water,  remains  in  the  flask.  This  material  (about 
50  CO.  in  volume)  should  be  discarded,  and  not  poured  upon  the 
filter.  A  hot  water  funnel  is  convenient  for  this  filtration  but  can 
be  dispensed  with  if  necessary.  If  the  hot  water  funnel  is  used  the 
flame  should  be  turned  out  just  prior  to  beginning  the  filtration, 
since  picric  acid  in  benzene  is  a  highly  inflammable  mixture.  The 
clear  filtrate  should  be  received  in  a  beaker  of  about  2  liters 
capacity.  After  the  filtration  is  completed  (it  should  not  require 
more  than  10  to  15  minutes)  the  beaker  is  covered  with  a  large 
watch-glass,  and  heated  on  the  electric  plate  until  the  picric  acid 
which  has  begun  to  crystallize  is  again  brought  into  solution. 
The  covered  beaker  is  then  allowed  to  stand  at  room  temperature 
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for  several  hours  or  preferably  over  night  without  agitation. 
After  this  period  the  picric  acid  will  be  found  to  have  crj^stallized 
on  the  bottom  and  sides  of  the  beaker  in  large  hard  yellow- 
brown  crystals,  from  which  the  excess  of  benzene  can  readily  be 
drained  without  recourse  to  any  filtration.  The  crystalline  mass 
is  washed  twice  by  gentle  rotary  shaking  with  75  cc.  portions  of 
benzene,  and  the  residue  finally  allowed  to  drain  thoroughly  for 
15  to  30  minutes.  For  the  draining  it  is  convenient  to  invert 
partially  the  beaker  in  a  large  glass  funnel.  The  crystallized  picric 
acid  can  now  be  freed  from  the  last  of  the  benzene  by  drj-ing  in 
the  air  (which  requires  a  long  time  and  is  hence  undesirable  in  the 
average  laboratory  on  account  of  access  of  impurities)  or  better  by 
placing  in  an  air  bath  at  about  80°  for  a  few  hours,  with  occasional 
stirring.  The  product  should  be  finally  powdered  by  gentle 
rubbing  in  a  mortar,  and  preserved  in  a  brown  glass-stoppered 
bottle.  About  85  per  cent  of  the  picric  acid  used  is  recovered  in 
the  purified  form.  The  benzene  may  be  recovered  by  distiUation 
preferably  in  vacuo  from  a  water  bath. 

The  above  process  has  yielded  better  picric  acid  for  creatinine 
determinations  than  we  have  been  able  to  obtain  in  any  other  way. 
The  best  product  prepared  in  this  way  read  slightly  over  14  mm.  by 
the' Folin-Doisy  test,  with  the  standard  set  at  20  mm.,  which  is 
quite  the  best  picric  acid  that  we  have  ever  seen.  Starting  with 
commercial  samples  which  read  8  to  10  imn.,  the  single  crystal- 
lization above  outlined  will  yield  a  product  reading  from  11  to  12.5 
mm.,  which  is  amply  pure  enough  for  creatinine  determinations. 

We  are  continuing  the  work  to  try  to  find  just  how  free  from 
color-yielding  substances  it  is  possible  to  obtain  picric  acid,  and 
to  attempt  to  identify  the  nature  of  the  color-yielding  material. 
Through  concentrating  the  mother  liquors  it  has  been  possible  to 
obtain  a  product  which  yields  a  most  surprising  amount  of  color 
with  alkali,  and  it  is  hoped  that  further  work  will  reveal  the 
nature  of  the  substance  responsible  for  this  reaction. 
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In  a  previous  paper  (1)  it  was  stated  that  yeast  could  be  grown 
in  a  solution  of  purified  nutrients  in  quantities  sufficient  for  feed- 
ing. It  was  of  interest  to  determine  through  feeding  tests  with 
young  rats  whether  such  yeast  would  serve,  as  do  baker's  and 
brewer's  yeasts,  as  a  source  of  water-soluble  B.  Positive  results 
would  indicate  the  synthesis  of  the  \ntamine  by  the  yeast  cell. 

In  the  first  test  with  this  end  in  \'iew  three  varieties  of  yeast  were 
grown  in  Nutrient  Solution  1(1)  and  dried  at  room  temperature. 
From  0.1  to  0.4  gm.  of  this  yeast  was  administered  daily  to  young 
rats  that  had  been  kept  on  a  diet  free  from  water-soluble  B  until 
they  began  to  lose  weight.  The  result  was  not  decisive  and  a 
second  test  was  undertaken  in  which  the  yeast  grown  in  a  sterile 
solution  of  mineral  salts,  anmionium  sulfate,  and  cane-sugar, 
formed  2  per  cent  of  the  diet  of  young  rats  after  a  period  of  a  water- 
soluble  B-free  diet.  The  observed  increase  in  weight  did  not 
compare  favorably  with  that  reported  by  other  investigators  for 
commercial  yeast  and  by  Nelson,  Fuhner,  and  Cessna  (2)  for 
yeast  grown  in  their  synthetic  medium  and  fed  at  this  level.  The 
latter  secured  a  good  response,  as  shown  by  their  growth  curves 
for  young  rats,  on  the  addition  of  2  per  cent  of  yeast  to  the  basal 
diet.  They  concluded  that  yeast  was  capable  of  synthesizing 
water-soluble  B  when  grown  in  a  nutrient  solution  of  the  necessary 
mineral  salts,  ammoniimi  chloride,  and  cane-sugar. 

In  \'iew  of  the  unsatisfactory  nature  of  the  first  and  second  tests 
and  the  fact  that  the  results  \\ith  yeast  grown  in  a  very  shghtly 
different  medium  did  not  fully  substantiate  those   of  Nelson, 

243 


244  Synthesis  of  Water-Soluble  B 

Fulraer,  and  Cessna,  a  third  test  was  undertaken  in  which  several 
varieties  of  yeast  grown  under  definite  conditions  formed  a  higher 
percentage  of  the  diet  of  young  rats.  One  of  the  earher  papers  of 
Funk  and  Macallum  (3)  shows  that  moderately  good  growth  curves 
with  2  per  cent  of  yeast  were  much  improved  by  increasing  the 
yeast  to  6  per  cent.  The  method  for  the  production  of  the  yeast 
and  the  results  obtained  by  feeding  it  at  5  per  cent  to  growing  rats 
are  set  forth  in  this  paper. 

Preparation  of  the  Yeast. 

Cultures  of  Saccharomijces  cerenisice  and  Sac  char  amy  ces  ellip- 
soidem  were  obtained  from  Parke,  Davis  and  Company;  cultures 
of  yeasts  XII  and  K  were  furnished  by  the  Fleischmann  Labora- 
tories and  one  culture  was  plated  from  a  commercial  yeast  but  not 
identified.  These  five  varieties  of  yeast  were  carried  through 
from  ten  to  twenty  successive  seedings  in  Nutrient  Solution  .3 
before  being  used  for  the  production  of  the  j-east  in  quantity. 

The  nutrient  solution  in  bulk  was  heated  to  boiling  on  2  suc- 
cessive days  and  was  measured  into  sterile  1  hter  Erlenmeycr 
flasks  and  heated  to  boiling  on  the  3rd  day.  The  amount  of 
nutrient  solution  measured  into  the  production  flasks  was  such  as 
would  give  the  greatest  surface  area,  usually  150  cc.  These  flasks 
were  allowed  to  stand  for  several  days  to  test  their  steriUty  and 
were  then  inoculated  from  a  sterile  pipette  with  5  cc.  of  a  yeast 
suspension,  made  by  agitating  the  contents  of  carefully  inspected 
seeding  flasks.  With  these  precautions,  possibiUties  of  contami- 
nation were  reduced  to  a  minimiun  and  it  was  necessary  to 
discard  surprisingly  few  flasks  because  of  foreign  growths.  The 
production  flasks  were  placed  on  shelves  against  the  wall  in  a  room 
with  one  window  in  an  adjacent  north  wall,  the  yeast  growing  in 
diffused  light  and  at  room  temperature.  It  was  possible  to  keep 
the  temperature  of  the  room  between  18  and  23°  C.  For  the 
preparation  of  the  seed  yeast  in  smaller  quantities  a  temperature 
of  24-30°  C.  was  maintained.  All  the  varieties  grew  at  the 
bottom  of  the  flasks  with  little  or  no  apparent  fermentation. 

The  length  of  time  between  inoculation  and  filtration  of  the  yeast 
varied  from  4  to  7  days,  depending  on  the  temperature,  the  variety 
of  yeast,  degree  of  aeration,  nutrient  solution,  used,  and  other 
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conditions.  Usually  a  trial  flask  from  the  shelves  was  filtered  on 
the  5th  day  after  inoculation  to  serve  as  an  index.  The  yeast  was 
easily  filtered  by  suction  and  washed  with  distilled  water.  The 
filter  paper,  with  a  layer  of  yeast  cells  about  rs  inch  thick,  was 
removed  from  the  Buchner  funnel  and  left  on  absorbent  paper 
until  the  cake  began  to  pull  away  from  the  filter  paper.  The 
yeast  was  then  readily  broken  into  small  pieces  and  placed  on 
fresh  filter  paper  and  allowed  to  dry  in  the  air  at  room  temperature 
for  24  hours. 

The  size  of  the  seedings  was.obtained  by  filtering  an  ahquot  part 
of  the  seeding  suspension  and  weighing  the  washed  yeast  cells 
air-dry.  The  yield  of  yeast  was  not  proportional  to  the  size  of 
the  seeding  nor  to  the  volume  of  nutrient  solution  used.  But  for 
the  five  varieties  of  yeast  grown  in  Nutrient  Solution  3,  1  gm.  of 
yeast,  weighed  air-dry,  yielded  from  15  to  18  gm.  air-dry  product. 
The  time  of  production  was  shorter  and  fermentation  more  evident 
in  Nutrient  Solutions  4,  5,  and  6,  but  the  j-ield  of  yeast  was  not 
greater  than  in  Nutrient  Solution  3. 

Nutrient  Solution  3. 

1  liter  distilled  water. 

50       gm.  cane-sugar  (Domino). 

2  "     potassium  dihydrogen  phosphate,  c.p. 
2.35    "     ammonium  sulfate,  c.p. 

0.25    "     calcium  chloride,  c.p. 
0.25    "    magnesium  sulfate,  c.p. 

Nutrient  Solution  4-^ 

360  gm.  Porto  Rican  molasses  substituted  for  50  gm. 
Domino  sugar  in  Nutrient  Solution  3. 

Nutrient  Solution  5. 

0.1  gm.   Bacto-peptone  (Difco)   added  to   1   Uter  of 
Nutrient  Solution  3. 

Nutrient  Solution  6} 

X  centrifuged  water  extract  of  equal  weights  of  malt 
and  rye,  containing  appro.ximately  0.03  gm.  solids 
per  cc.  of  extract. 

>  Nutrient  Solutions  4  and  6  were  made  by  Miss  M.Koch,  and  the  samples 
of  Saccharomyces  cerevisioe  grown  in  them  were  prepared  by  her. 
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Basal  Diet  (4).  Salt  Mixture  185  (4). 

percent  S"*- 

Casein  (purified) 18 .0        NaCl 0. 173 

Salt  mixture  185 3.7        MgS04  (anhydrous) 0.266 

A^'ar-agar  2.0        NaH.PC.HoO 0.347 

Dextrin 71.3        K^HPO, 0.954 

Butterfat 5.0        CaH,(PO,).,.n,0 0.WO 

Iron  citrate 0.118 

Calcium  lactate 1  300 

Feeding  Test.- 

Young  rats  weighing  60  to  70  gm.  were  placed  on  a  basal  diet 
adequate  for  growth  in  every  respect  excepting  that  it  lacked 
water-soluble  B  (4)  until  they  began  to  decline  in  weight.  This 
constituted  Period  1  on  Charts  1,  2,  and  3.  During  Period  2,  5 
per  cent  of  yeast  replaced  that  amount  of  dextrin  in  the  basal  diet. 
In  compounding  the  ration  air-dry  yeast  was  ground  in  a  mortar 
and  thoroughly  mixed  with  the  other  ingredients. 

Chart  2,  Lot  3322  C  shows  the  growth  curve  of  a  control  rat 
that  was  kept  on  the  basal  diet  until  quite  feeble.  During  Period 
2  it  received  a  ration  in  which  4  per  cent  of  wheat  embryo  replaced 
that  amount  of  dextrin  in  the  basal  diet. 

The  rats  were  allowed  free  access  to  a  weighed  quantity  of  food 
and  the  actual  amount  eaten  determined  by  weighing  what  was 
not  consumed  three  times  a  week.  The  food  consumption  was 
about  normal.  While  the  animals  gained  in  weight  their  coats 
were  not  sleek  nor  was  their  general  appearance  up  to  standard. 

DISCUSSION. 

Of  the  many  papers  reporting  the  use  of  yeast  as  the  source  of 
water-soluble  B,  only  a  few  typical  ones  are  cited.  Osborne  and 
Wakeman  (.5)  found  that  young  rats  declining  on  a  diet  free  from 
water-soluble  B  recovered  promptly  on  the  addition  of  brewer's 
yeast  extract  equivalent  to  0.2  gin.  of  yeast;  and  Hawk,  Fishback, 
and  Bcrgcim  (6)  secured  an  "immediate  and  pronounced  increase 
in  body  Weight"  on  the  addition  of  5  per  cent  of  dried  baker's 
yeast  to  the  vitamine  B-free  diet  of  young  rats.     The  growth 

2  The  tests  were  conducted  with  the  help  and  advice  of  Miss  Nina 
Simmonds. 
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curves  of  Charts  1  to  3  compare  favorably  with  those  reported  by 
these  investigators.  More  recently  Kennedy  and  Palmer  (7) 
after  long  continvied  feeding  of  yeast  have  expressed  doubt  as 
to  the  "suitability  of  yeast  as  a  source  of  \itaminc-B  in  nutrition 
experiments"  because  of  its  variability. 

Whether  the  yeast  grown  without  vitamine  would  be  a  satis- 
factorj^  source  of  water-soluble  B  for  a  long  period  has  not  been 
determined.  For  the  limited  time  of  this  test  the  growth  curves 
of  the  rats  receiving  yeast  grown  in  Nutrient  Solution  3  do  not 
difTer  markedly  from  those  of  rats  receiving  yeast  from  Nutrient 
Solutions  4,  5,  and  6.  It  would  seem  that,  in  as  far  as  its  content 
of  water-soluble  B  is  concerned,  yeast  grown  in  solutions  of 
purified  nutrients  is  much  hke  yeast  grown  in  other  mediums. 
There  can  be  no  doubt  that  the  rats  in  this  test  received  a  supply 
of  water-soluble  B  during  Period  2.  Those  of  Lots  3320  A,  3320  B, 
3320  C,  3321  A,  and  3321  B,  received  yeast  grown  in  Nutrient 
Solution  3;  and  the  vitamine  B  this  yeast  contained  was  synthe- 
sized by  the  yeast  cells. 

The  results  obtained  by  feeding  five  varieties  of  yeast  amplify 
the  findings  of  Nelson,  Fulmer,  and  Cessna  (2)  and  make  general 
their  conclusion  for  one  variety  of  yeast. 

The  work  was  suggested  by  Dr.  E.  V.  McColhnn,  and  the 
author  wishes  to  acknowledge  the  many  benefits  received  through- 
out the  investigation. 
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STUDIES  ON  EXPERIMENTAL  RICKETS. 

XXIII.  THE  PRODUCTION  OF  RICKETS  IN  THE  RAT  BY  DIETS 

CONSISTING  ESSENTIALLY  OF  PURIFIED  FOOD 

SUBSTANCES. 

By  E.  V.  McCOLLUM,  NINA  SIMMONDS,  and  J.  ERNESTINE 
BECaCER, 

{FTOtn  the  Department  of  Chemical  Hygiene,  School  of  Hygiene  and  Public 
Health,  the  Johns  Hopkins  University,  Baltimore.) 

AND  P.  G.  SHIPLEY. 

(^From  the  Department  of  Pediatrics,  the  Johns  Hopkins  University, 
Baltimore.) 

(Received  for  publication,  August  26,  1922.) 

The  experimental  diets  employed  for  the  study  of  the  etiology 
of  rickets  in  this  country  and  in  England,  have  invariably  consisted 
wholly  or  in  great  part  of  natural  food  substances.  Since  the 
individual  foods  which  were  employed  have  been  studied  by 
methods  which  reveal  in  great  measure  their  specific  dietary 
properties,  it  seemed  possible  to  interpret  satisfactorily  the  nature 
of  the  deficiency  of  these  diets  and  hence  the  etiological  factors 
operating  in  the  causation  of  rickets. 

However,  too  little  is  knovm  of  the  science  of  nutrition  to  elimi- 
nate from  the  minds  of  critical  students  the  possibility  that  when 
natural  foods  are  used  in  feeding  experiments,  unappreciated 
factors  may  be  active  in  inducing  pathological  states.  Our  owa 
studies  of  the  past  year  have  revealed  the  existence  of  a  distinct 
nutritive  principle  which  has  been  confused  hitherto  with  the  vita- 
min A.  Such  results  tend  to  discoiu-age  the  acceptance  of  the 
interpretations  as  final  which  now  appear  as  satisfactory  to  account 
for  malnutrition  of  specific  types. 

In  studying  the  etiology  of  rickets  we  have  attempted  to  avoid 
error,  by  always  employing  diets  wth  essentially  like  character- 
istics, derived  from  widely  different  kinds  of  natural  foods,  supple- 
mented in  various  ways  with  isolated  food  substances.  We  felt 
that  if  the  same  histological  conditions  were  produced  in  all  cases 
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by  experimental  diets  which  we  behoved  to  have  the  same  proper- 
ties regardless  of  the  sources  from  which  the  diets  were  derived, 
we  were  justified  in  drawing  conclusions  about  the  relations  of  the 
faults  in  the  food  to  the  structure  of  the  bones.  We  hoped  by 
this  procedure  to  supplj''  strong  confirmatory  evidence  of  the  cor- 
rectness of  our  conclusions,  or  to  discover  discrepancies  in  our 
results  which  would  point  the  way  to  specific  information  which 
would  extend  oiu-  knowledge  of  the  food  substances  which  we  had 
used. 

We  employed  on  the  one  hand,  many  diets  derived  from  cereal 
grains,  legume  seeds,  isolated  proteins,  inorganic  salts,  and  fats 
from  various  som-ces,  and  on  the  other  hand  a  series  of  diets  in 
which  liver,  casein,  and  dextrin  formed  the  principal  components. 
These  diets  were  supplemented  in  many  ways  with  isolated  food 
substances.  The  results  presented  in  the  earlier  papers  of  this 
series  of  studies  on  rickets,  rest  upon  observations  on  the  bones  of 
rats  fed  nearly  1,000  modifications  of  such  diets.  As  our  experience 
broadened,  we  found  it  possible  to  predict  with  certainty  the 
changes  which  would  occur  in  the  skeleton  as  the  result  of  restrict- 
ing a  young  rat  to  a  diet  so  constituted  as  to  have  deficiencies  of 
certain  definite  kinds,  no  matter  what  materials  the  diet  was  com- 
posed of. 

In  order  to  check  the  accuracy  of  our  conclusions  based  upon 
feeding  diets  derived  principally  from  foods  of  a  complex  character 
as  they  occur  in  nature,  we  have  extended  our  studies  to  include 
the  effects  of  feeding  diets  consisting  essentially  of  pmified  food 
substances.  The  experiments  here  discussed  were  carried  out 
under  hygienic  conditions  as  respects  temperature,  cleanliness, 
ventilation,  opportunity  for  exercise,  and  absence  of  direct  sun- 
light, comparable  to  practically  all  those  pre-\dously  reported. 

The  detailed  study  of  the  influence  on  metaboHsm  of  modify- 
ing the  amounts  and  proportions  of  the  several  mineral  elements 
in  the  diet  is  extremely  complex.  Much  time  and  labor  must  be 
invested  in  this  Une  of  study  before  sufficient  data  can  be  secured 
to  make  it  profitable  to  discuss  the  subject  in  detail.  It  is,  how- 
ever, of  interest  to  report  at  this  time,  the  production  of  rickets 
in  young  rats  restricted  to  a  diet  consisting  essentially  of  isolated 
food  substances. 

The  diets  employed  in  the  experiments  here  described  had  the 
follo\\ing  compositions : 
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LotS407. 


per  cent 


Wheat  germ  (extracted  with  ether  and  chloroform) 3.0 

Wheat  gluten  (purified) 15.0 

Gelatin* 150 

Agar-agar 2.0 

Salt  Mixture  XXI 3.9 

CaCOs '. 1-5 

Dextrin  (purified) 56. 96 

NaHiPO,  +  H2O 0. 64 

Butter  fat 2.0 

Lot  3408- 

per  cent 

Wheat  germ  (extracted  with  ether  and  chloroform) 3.0 

Wheat  gluten  (purified) 5.0 

Gelatin* 5.0 

Casein  (purified) 5.0 

Agar-agar 2.0 

Salt  Mixture  XXI 3.9 

CaCOs 1  ■  ^ 

Dextrin  (purified) 72.6 

Butter  fat 2.0 

*  The  gelatin  employed  was  Bacto-gelatin,  manufactured  by  The  Diges- 
tive Ferments  Company.  It  contained  0.12  per  cent  of  phosphorus  and 
was  essentially  free  from  other  inorganic  elements. 

Animals  on  these  diets  showed  marked  signs  of  rickets  at  autopsy. 
On  histological  examination  all  the  characteristic  featm-es  of  the 
disease  were  found  in  the  bones;  viz.,  overgrowth  of  the  cartilage, 
and  absence  of  the  provisional  zone  of  calcification.  There  was 
invasion  of  the  cartilage  disc  by  blood  vessels  with  a  resulting 
irregularity  of  the  epiphyseodiaphyseal  line.  The  metaphysis 
was  typically  rachitic,  and  there  was  overproduction  of  osteoid 
tissue  without  signs  of  abnormal  acti\dty  in  resorption. 

•  TABLE  I. 

Inorganic  Constituents  of  the  Diets. 

Gm.  per  100  gm.  of  ration. 


Lot  No. 

K 

Na 

Ca 

Mg 

s 

CI 

P 

Weight 
ratio 
Ca:P. 

.Atomic 
ratio 
Ca:P. 

3407 
3408 

am. 

0.533 
0.533 

ffm. 

0.517 
0.411 

1.202 
1.202 

gm. 
O.OIO 
0.010 

gm. 
0.173 
0.121 

gm. 

0.781 
0.781 

gm. 
0.217 
0.088 

1:0.181 
1:0.073 

1:0.223 
1:0.094 
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Composition  of  Sail  Mixture  XXI. 

gm. 

CaCO, 1.5 

KCl 1.0 

NaCl 0.5 

NaHCOa 0.7 

FeS04  +  TH.O 0.2 

The  small  amount  of  wheat  germ  contained  in  the  above  rations 
was  emploj-ed  rather  than  an  extract  containing  the  Aatamin  B, 
because  only  a  very  incomplete  separation  of  the  \'itamin  from  con- 
taminating substances  has  been  accomplished.  The  employment 
of  an  extract  of  wheat  germ,  would  we  believe,  offer  little  or  no 
advantage  from  the  standpoint  of  interpreting  the  results,  over 
the  inclusion  of  3  per  cent  of  fat-free  wheat  germ. 

The  animals  restricted  to  these  diets  developed  xerophthalmia 
notwithstanding  the  presence  of  sufficient  fat-soluble  A  to  cover 
the  minimmn  nutritive  needs  of  the  rat.  We  have  described  else- 
where^ the  occm-rence  of  this  "salt  ophthalmia." 

'  McCoIlum,  E.  v.,  Simmonds,  N.,  and  Becker,  J.  E.,  /.  Biol.  Chem., 
1922,  Hii,  313. 


STROPHANTHIN. 

I.     STROPHANTHIDIN. 

By  WALTER  A.  JACOBS  and  MICHAEL  HEIDELBERGER. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  27,  1922.) 

The  classical  studies  of  Fraser»  and  the  confirmatory  work  of 
Feist-  on  the  Kombe  arrow-poison  have  sho-mi  it  to  contain  a 
glucoside,  strophanthin,  which  j-ields  on  h3'drolysis  a  crystalline 
substance,  strophanthidin,  and  reducing  sugars.  Although  Fraser 
worked  at  a  time  when  botanical  classification  was  uncertain,  it 
is  now  conceded  that  his  material  was  in  the  main  Strophanthus 
komhe.  More  recent  comparative  studies^  have  demonstrated  that 
the  glucosides  of  Strophanthus  kombe  and  Strophanthus  hispidus 
are  closely  related  smce  they  j-ield  the  same  strophanthidin  on 
hydrolysis.  More  recently  Windaus  and  Hermaims*  have  foxmd 
that  the  cjTiiarin  of  Apocynum  cannabinum  is  also  a  glucoside 
of  strophanthidin  (cymarigenin).  Strophanthidin  is  thus  seen  to 
be  a  component  of  a  nmnber  of  glucosides  which  possess  a  charac- 
teristic action  on  the  heart,  and  further  study  of  its  still  obscure 
chemistry  is  of  interest  especially  since  there  is  suspicion  of  its 
close  relationship  to  the  still  little  understood  members  of  the 
digitalis  series. 

Feist,  who  was  the  first  to  attempt  a  careful  inquiry  into  the 
nature  of  the  substance,  deduced  the  formula  C-zriiy.sOj  +  2\  H2O. 
The  difficulty  which  he  experienced  in  preparing  the  anhydrous 

>  Fraser,  T.  R.,  Strophanthus  hispidus;  its  natural  histor}',  ehemistrj', 
and  pharmacology,  Edinburgh,  1S91.  Fraser,  T.  R.,  and  Dobbin,  L.,  7V. 
Roy.  Sac.  Edinburgh,  1891-93,  xxx\'ii,  1. 

2  Feist,  F.,  Ber.  chem.  Ges.,  1898,  xxxi,  53-1;  Ber.  chem.  Ges.,  1900,  xxxiii, 
2063,2069,2091. 

'  Heffter,  A.,  and  Sachs,  F.,  Biochem.  Z.,  1912,  xl,  83.  Brauns.  D.  H., 
and  Closson,  O.  E.,  J.  Am.  Phannaceut.  Assn..  1913,  ii,4S9,  601,  715. 

*  Windaus,  A.,  and  Hermanns,  L.,  Ber.  chem.  Ges.,  1915,  xlviii,  979,  991. 
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substance  by  ordinary  means  was  overcome  by  the  preparation  of 
a  form  containing  methyl  alcohol  of  crystallization  which  was 
readDy  driven  off.  The  lactone  nature  of  the  substance  was 
determined  by  its  behavior  toward  alkali.  The  resulting  acid 
when  liberated  was  not  isolated  as  such  but  lost  water  with  the 
formation  of  a  new  crystalline  isomeric  lactone  which  he  called 
strophanthidinic  acid  lactone.  The  only  other  definite  product 
studied  Ijy  him  was  a  crystalline  strophanthic  acid  which  resulted 
from  the  oxidation  of  strophanthidin  with  permanganate  in 
alkaline  solution  and  for  which  he  adopted  the  incorrect  formula 

CsTHssOg. 

On  the  basis  of  analysis  and  titration  of  strophanthidin  as  well 
as  data  obtained  from  the  glucoside,  cymarin,  itself,  Windaus 
and  Hermanns  have  more  recently  derived  the  formula  C23H30O5 
+  1|  H2O  for  the  air-dry  substance.  They  likewise  experienced 
difficulty  in  obtaining  the  aniiydrous  substance  but  since  long 
drjdng  in  vacuo  at  110°  caused  a  loss  of  water  corresponding  to 
1|  mols,  they  concluded  that  it  has,  when  anhydrous,  the  com- 
position, C23H30OB.  Contrary  to  these  workers  we  have  experienced 
little  difficulty  in  drjdng  the  substance  to  constant  weight  in  vacuo 
at  110°  over  phosphorus  pentoxide  and  we  have  noted  a  loss  in 
weight  corresponding  to  only  |  H2O.  SunOar  observations  have 
already  been  recorded  by  Brauns  and  Closson,'  who,  however, 
accepted  the  older  formula  of  Feist.  Oiu  analytical  data  force 
the  conclusion  that  anhydrous  strophanthidin  possesses  the  foiinula 
CosHssOe  and  that  the  loss  in  weight  corresponding  to  H  H2O  noted 
by  Windaus  and  Hermanns  was  in  part  the  result  of  decomposition. 
This  conclusion  is  supported  by  the  analysis  of  strophanthidin 
benzoate  which  these  workers  reported  and  which  we  have  con- 
fimied,  and  also  by  the  anal3rtical  data  obtained  with  all  the  deriva- 
tives to  be  described  below.  By  way  of  confirmation  of  the  choice 
between  the  C23  formula  and  the  original  Co,  formula  of  Feist  we 
believed  that  the  preparation  and  complete  analysis  of  the 
p-bromobenzoate  should  prove  quite  conclusive.  The  result 
confirmed  the  formula  C23H32O6. 

On  reduction  with  palladium  and  hydrogen  strophanthidin 
yielded  a  diliydro  compound,  C23H34O6,  which  was  isolated  as  a 
mono-  and  a  dihydrate.  Although  the  reaction  required  an 
imusual  time  for  completion  and  a  relatively-  large  amount  of 
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colloidal  palladium,  it  seems  probable  that  the  point  of  attack  was 
a  double  bond.  The  reduction  of  a  carbonyl  group  seems  excluded 
since  only  a  monobcnzoate  was  obtained  by  benzoylation  of  the 
hydrogenated  compound.  Contrary  to  Feist  and  Fraser,  Windaus 
and  Hermanns  state  that  strophanthidin  reacts  with  ketone 
reagents,  but  they  were  unable  to  isolate  definite  products.  We 
have  on'  the  contrary  prepared  the  crystalline  oxime  and  the 
phenyl  and  p-bromophenylhydrazones  of  this  substance  _  which 
definitely  prove  the  presence  of  a  carbonyl  group.  From  all  indica- 
tions this  is  ketonic  in  character. 

Finally,  our  analyses  show  that  isostrophanthidin  (isocy- 
raarigenin  of  Windaus  and  Hermanns  or  strophanthidinic  acid 
lactone  of  Feist),  like  strophanthidin,  possesses  when  anhydrous 
the  formula  C23H32O6.  In  accord  with  this  the  formula  of  iso- 
strophanthidin benzoate  was  foimd  to  be  C30H36O7. 

At  present  it  may  be  concluded  that  strophanthidin,  although  it 
may  have  at  least  one  double  bond,  possesses  mainly  a  saturated 
alicyclic  skeleton.  Of  the  six  oxygen  atoms,  two  are  accounted  for 
by  the  lactone  group,  one  by  a  carbonyl  group,  and  one  by  an 
alcoholic  group. 

EXPERIMENTAL. 

Stropharithidm.—Strophanthus  kombe  seeds,  purchased  on  the 
open  market,  were  ground,  defatted  with  gasoline  and  then 
exhaustively  percolated  with  70  per  cent  alcohol.  The  resulting 
extract  was  concentrated  under  diminished  pressvu-e  to  a  thick 
syrup'^  which  was  then  worked  up  in  portions  of  500  gm.  In  each 
case  this  amount  was  dissolved  in  1  liter  of  warm  water.  The 
solution  was  cooled  and  treated  with  basic  lead  acetate  solution 
as  long  as  a  precipitate  formed.  At  first  crude  strophanthin  was 
precipitated  from  the  filtrate  and  washings  with  an  excess  of  solid 
ammonimn  sulfate  according  to  Thorns,"  but  this  added  purifica- 
tion was  soon  found  to  be  unnecessary  for  the  preparation  of 
strophanthidin.  Instead  the  above  filtrate  and  washings  were 
treated  with  siiflScient  25  per  cent  sulfuric  acid  to  precipitate  the 
dissolved    lead    and    then    filtered.     Concentrated    hydrochloric 

s  The  large  scale  operations  were  performed  for  us  by  Schieffelin  and  Co. 
of  New  York. 

«  Thorns,  H.,  Ber.  pharm.  Ges.,  1904,  xiv,  10-1. 
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acid  was  added  to  the  filtrate  until  the  latter  became  just  acid  to 
Congo  red,  an  excess  of  acid  being  carefully  avoided.  The 
mixture,  the  volume  of  which  was  about  1,500  cc,  was  then 
heated  on  the  water  bath  for  3  to  4  hom-s  at  70-80°.  The  olive- 
colored  solution  slowly  deposited  the  crude  strophanthidin  as 
lustrous  plates  which  were  somewhat  tinged  with  green.  The 
collectc^d  crystals  were  washed  with  water  and  air-dried.  The 
yield  of  crude  product  was  about  25  gm.  from  each  kilo  of  seeds. 
When  recrystallized  from  95  per  cent  alcohol  the  substance  was 
readilj-  purified  and  formed  stout  rhombic  crystals  which  agreed 
essentially  in  all  properties  with  those  recorded  in  the  literatiu-e. 
Its  specific  rotation  was  found  to  be 

[all  =  +43.1°  (r  =  2.796  in  methyl  alcohol.) 

As  a  rule  it  melted  with  effervescence  at  about  171-175°  although 
the  exact  point  depended  upon  the  rate  of  heating.  Occasionally 
we  have  obtained  crystals  which  scarcely  sintered  at  this  point 
and  melted  at  about  230°.  In  either  case  the  air-dried  material 
contained  0.5  mol  of  water  of  crystallization  which  it  gradually  lost 
when  heated  under  20  mm.  pressure  at  100-110°  over  phosphorus 
pentoxide,  with  accompanying  slight  discoloration.  Contrary  to 
Windaus  and  Hermanns^  no  further  loss  of  water  was  observed  on 
continued  heating  even  at  a  pressure  below  1  mm.  except  in  cases 
where  sulfuric  acid  was  used  as  the  drying  agent.  Here  extensive 
decompositon  occurred,  as  shown  by  the  formation  of  a  dark  brown 
resin  which  no  longer  had  the  physical  properties  of  strophanthidin. 
Brauns  and  Closson^  likewise  found  no  difficulty  in  removing  the 
water  of  crystallization  which  they  considered  to  be  1  molecule 
on  the  basis  of  Feist's-  old  formula,  C27H38O7.  Our  analji,ical 
data,  as  well  as  those  of  Brauns  and  Closson,  obtained  with  anhy- 
drous strophanthidin,  agree  just  as  well  for  the  formula  C23H32O6 
which  we  adopt. 

Air-dry  s>ibsta7ice. 

CjsHaaOe.  i  H2O.     Calculated.     C  fiG.79,  H  8.05. 
Found,  (a).     "  CG.65,  "   7.91. 
(b).     "  66,59,  "   7.82. 
Anhydrous  substance. 

CzoHaaOe.    Calculated.    C  68.27,  H  7.98. 

Found,  (a).     "  68.24,  "8.12. 

(b).     "  68.14,  "  8.18. 
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Strophanthidin  Benzoate.— This  was  prepared  essentially  ac- 
cording to  the  method  used  by  Windaus  and  Hermanns.  To  the 
properties  recorded  by  these  workers  we  may  add  that  the  sub- 
stance is  easily  soluble  in  chloroform  and  acetone  and  sparingly 
so  in  the  cold  in  methyl  and  ethyl  alcohols.  In  concentrated 
sulfuric  acid  it  gives  an  orange-red  color  which  changes  to  a 
brown-orange. 

Our  analysis  of  this  substance  dried  in  vacuo  at  110°  accords  with 
the  results  of  Windaus  and  Hermanns  and  gives  the  formula 
C30H36O7.  The  air-dry  substance,  however,  contained  HH2O 
and  gave 

[a]"°  =  +  47.8°    (c  =  1.057  in  acetone.) 

Air-dry  substance. 

C30H36O7.  U  HjO.    Calculated.     H.O  5.05. 
Found.  "    4.68. 

Anhydrous  substance. 

C30H36O7.    Calculated.     C  70.83,  H  7.14. 

Found,  (a).     "  70.70,  "  7.28. 

"       (b).     "  70.66,  "  7.20. 

Strophanthidin  p-Broniobenzoate. — 2  gm.  of  strophanthidin  were 
dissolved  in  30  cc.  of  pyridine  and  the  chilled  solution  was  treated 
with  2  gm.  of  p-bromobenzoyl  chloride  dissolved  in  ether.  After 
24  hours  the  ester  was  precipitated  with  water.  After  digesting 
the  collected  precipitate  with  dilute  carbonate  it  was  filtered  off 
and  washed  with  water.  The  careful  addition  of  water  to  the 
solution  in  hot  acetic  acid  caused  the  separation  of  a  rapidly  crys- 
tallizing gum.  The  air-dried  substance  is  sparingly  soluble  and 
contains  1  molecule  of  water  of  crystallization  which  is  readily 
removed  in  vacuo  at  110°.  The  anhydrous  substance  melts 
at  222-224°  with  decomposition  and  gives 

[af^  =  +  42.0°       (c  =  1.094  in  acetone.) 

The  analysis  of  this  substance  makes  possible  a  definite  and  final 
decision  between  the  formula  CsoHssOvBr  based  on  that  for 
strophanthidin  of  CoaHssOe  and  the  one  based  on  the  formula  of 
Feist;  i.e.,  C34H4i08Br. 
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Air-dry  substance. 

CsoHjsOiBr-HsO.    Calculated.    Hj0  2.98. 

Found.  "    3.53. 
Anhjdrous  substance. 

CaoHsBOiBr.    Calculated.     C  61.31,  H  6.01,  Br  13.61. 

CjiHuOsBr.              "              "  62.08,  "  6.29,  "    12.16. 

Found,  (a).     "61.07,  "6.02,   "    13.57. 

"    (b).     "  61.25,  "  6.04,   "    13.73. 

Strophanthidin  Oxime. — The  oxime  was  readily  obtained  by 
boiling  for  several  hours  a  solution  of  equivalent  amounts  of 
strophanthidin  and  hydroxylamine  hydrochloride  in  alcohol  con- 
taining sufficient  sodium  acetate.  Recrystallized  from  alcohol 
it  forms  minute,  colorless,  glistening  prisms  which  melt  and 
slowly  effervesce  at  270-275°.  It  is  easily  soluble  in  pyridine 
and  dissolves  less  readily  in  alcohol  and  acetic  acid.  In  concen- 
trated sulfuric  acid  the  solution  is  at  first  j^ellow  and  changes 
through  orange  to  a  red  shade. 

Wd  =  +  "1-^°  ^''  =  1-009  in  pyridine.) 
CssHsjOsN.     Calculated.     C  65.83,  H  7.93. 
Found,  (a).      "  65.95,  "  7.98. 
(b).       "  66.12,  "  7.92. 

Strophanthidin  Phenylhydrozone. — A  solution  of  2  gm.  of  stro- 
phanthidin in  20  cc.  of  absolute  alcohol  was  treated  with  1  gm. 
of  phcnylhydrazine.  On  allowing  the  mixture  to  evaporate 
spontaneously  at  room  temperature  a  crop  of  large  stout  prisms 
formed.  Recrystallized  from  95  per  cent  alcohol  the  hydrazone 
separates  as  colorless,  glistening,  well  formed  prisms  which  sinter 
slightly  at  about  175°  and  melt  at  230-232°  to  a  liquid  filled  with 
bubbles.  It  dissolves  readily  in  chloroform,  acetone,  and  alcohol, 
and  but  sparingly  in  ether  or  benzene.  In  concentrated  sulfuric 
acid  it  gives  a  greenish  yellow  color  which  changes  through  brown 
to  red  and  finally  to  purple. 

[a]'J=  -5.0°    (c  =  1.000  in  chloroform.) 

Air-dry  substance  (dried  at  100°  in  vacuo  over  HaSOi). 

CjsHssOsN-.- 2  H2O.    Calculated.    H2O  6.79. 
Found.  "     6.88. 

Anhydrous  substance. 

CjBHasOeNa.     Calculated.     C  70.42,  H  7.75,  N  5.67.       ' 
Found,  (a).     "70.30,  "  7.60,  "  5.91. 
"      (b).     "  70.34,  "  7.56,  "  6.01. 
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Strophanthidin  p-Br(mophenylhydrazone.-Eqnhnohcu\a,T  amounts 
of  strophanthidin  and  p-bromophcnylhydrazine  were  dissolved  in  a 
small  volume  of  acetic  acid.  Shortly,  on  rubbing,  crystallization 
started,  the  hydrazone  forming  glistening,  colorless  rhombs  which 
retained  solvent  of  crystallization.  When  recrystallized  from 
methyl  alcohol  the  acetic  acid  in  the  compound  is  replaced  by  the 
alcohol,  yielding  stout  pointed  prisms  which  soften  to  a  vitreous 
mass  from  180-185°  and  are  not  completely  molten  until  200°  is 
reached.  The  substance  dissolves  easily  in  alcohol  and  acetone, 
less  readily  in  chloroform  and  ether,  and  very  sparingly  in  benzene, 
forming  a  gum  before  dissoh-ing  in  these  solvents.  In  concen- 
trated sulfuric  acid  it  dissolves  with  a  light  brown  color  which 
changes  first  to  red,  then  to  a  dirty  purple,  and  finally  becomes 
green. 

[a]'"^'  =  +  105.5°  (c  =  1.004  in  chloroform.) 

Air-dry  substance  (dried  at  100°  in  vacuo  over  H2SO4). 

CosHsTOsNsBr-HCHsOH.    Calculated.    CH3OH7.72. 
Found.  "       7.70. 

Anhydrous  substance. 

CasHajOtNjBr.    Calculated.    C  60.71,  H  6.51,  N  4.89,  Br  13.93. 
Found,  (a).     "60.78,  "  6.42,  "  5.18,  "    13.73. 
(b).     "  60.96,  "  0.42. 

DihijdrostrophanthicUn.— 15  gm.  of  carefully  purified  strophan- 
thidin were  dissolved  in  300  cc.  of  pure  methyl  alcohol,  treated 
with  a  solution  of  0.5  gm.  of  colloidal  palladium  in  50  per  cent 
methyl  alcohol,  and  shaken  in  a  reduction  apparatus  in  an  at- 
mosphere of  hydrogen.  Absorption  of  the  gas,  which  occurred 
at  the  rate  of  20  cc.  for  the  1st  hour,  rapidly  decreased  to  a  rate  of 
5  to  8  cc.  per  hour.  After  3  days,  an  additional  0.5  gm.  of  colloidal 
palladium  was  added.  This  caused,  however,  only  a  temporary 
acceleration  of  the  hydrogen  absorption.  After  2  weeks  this  had 
practically  ceased,  a  total  of  945  cc.  having  been  absorbed,  an 
amount  which  is  not  far  removed  from  1  mol,  especially  where 
leakage  over  so  long  a  period  was  unavoidable.  The  solution 
was  acidified  with  a  few  drops  of  acetic  acid  and  the  coagulated 
palladium  was  filtered  off.  After  boiling  off  the  alcohol  from  the 
filtrate  a  mixture  of  oil  and  water  remained  which  was  boiled 
with  1  liter  of  water  and  a  little  bone-black.  The  filtered  solution 
formed  an  emulsion  which  slowlj'  crystallized  when  allowed  to 


260  ,    Strophanthin.     I 

cool  and  be  rubbed.  After  collecting,  washing  vdih  water,  and  dry- 
ing, the  jaeld  was  12  gni.  Recr3'stallized  from  a  small  volume 
of  50  per  cent  alcohol,  the  substance  separates  as  a  dihydrate 
in  the  form  of  glistening  rhombic  prisms.  It  melts  and  effei-vesces 
at  100-103°,  then  resolidifies  and  again  melts  with  effervescence  at 
145-147°  or  merely  sinters  at  this  point  and  then  melts  at  about 
190-195°,  depending  upon  the  rate  of  heating.  It  dissolves  readily 
in  alcohol,  acetone,  and  acetic  acid,  not  so  easily  in  chloroform, 
hot  water,  and  hot  benzene,  and  but  spaiungly  in  ether.  In  methyl 
alcohol 

[«r„'=  +34.85°     (c  =  1.004). 

In  concentrated  sulfuric  acid  dihydrostrophanthidm  gives  a 
bright  red-orange  color  of  a  much  brighter,  clearer,  and  permanent 
tint  than  that  given  by  strophanthidin.  The  latter  gives  at  first  a 
dirty  orange  with  a  greenish  tinge,  later  becoming  a  deep  brown- 
red.  Although  it  retains  its  water  of  crystallization  even  after 
long  exposure  to  air,  the  substance  loses  this  completely  in  a  few 
hours  at  room  temperature  in  a  vacuum  desiccator  over  sulfuric 
acid.  The  resulting  product  melts  at  190-195°  and  is  anhydrous 
since  it  loses  but  little  more  when  heated  in  vacuo  at  110°  over 
phosphorus  pentoxide. 

Air-dry  substance  (dried  at  first  at  room  temperature  and  finally  at  100° 
in  vacuo  over  H2SO4) . 

C23H3406-2H20.     Calculated.    H2O  8.14. 
Found.  "     8.17. 

Anhydrous  substance. 

C25H3406.    Calculated.    C  67.99,  H  8.44. 
Found.  "  68.20,  "  8.43. 

A  different  hydrate  was  also  obtained  by  maintaining  an  aqueous 
solution  near  the  boiling  point  for  some  time  with  occasional 
rubbing.  Characteristic  rhombs  were  formed  containing  1  mole- 
cule of  water  of  crystallization.  These  were  dissolved  in  a  small 
volume  of  warm  50  per  cent  alcohol,  treated  with  hot  water  to 
turbidity,  and  seeded.  This  form,  when  rapidly  heated,  melts 
and  effervesces  at  145-147°,  and  then  resolidifies.  If  the  rate  of 
heating  is  too  slow  it  merelj^  sinters  at  this  point  and  melts  at 
190-195°.  In  solubilities  it  resembles  the  dihydrate  with  the 
exception  of  its  lower  solubility  in  hot  water. 
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\ir-drij  substance  (dried  at  100°  in  vacuo  over  H2SO4). 
Co^HsiOrHaO.    Calculated.     H.0  4.24. 
Found.  "    4.01. 

Anhydrous  substance. 

C23H34O6.     Calculated.    C  67.99,  H  8.44. 
Found.  "  68.02,  "  8.37. 

Dihydrostrophanthidin  Benzoate.— This  substance  was  prepared 
like  the  corresponding  strophanthidin  derivative.  RecrystaUized 
from  85  per  cent  alcohol  it  forms  minute  glistening  prisms  which 
melt  with  effervescence  at  225-227°  and  are  soluble  in  chloroform 
and  acetic  acid  and  less  readily  so  in  alcohol  and  benzene. 

CsoHssO,.     Calculated.    C  70.55,  H  7.50. 

Found,  (a).     "  70.70,  "  7.51. 

(b).     "  70.73,  "  7.29. 

7sos<ropAani/i{rfw.— (Strophanthidinic  acid  lactone  of  Feist, 
isocymarigenin  of  Windaus  and  Hermanns.)  This  was  prepared 
in  about  50  per  cent  >aeld  by  a  method  which  was  essentially  that 
used  by  Windaus  and  Hermanns  for  the  preparation  of  isocjanari- 
genin.  The  air-dry  material  contains  water,  which,  contraiy  to 
these  workers,  is  readily  removed  on  drj-ing  the  substance  in  vacuo 
at  100°  over  phosphorus  pentoxide.  The  analjiical  data  indicate 
that  the  air-dry  material  possesses  the  same  formula  as  stro- 
phanthidin, CosHsaOe"!  H2O. 

[0.]"=  +36.2°  (c  =  0.705  in  methyl  alcohol.) 

Air-dnj  substance. 

C23H3,06-iH".0.     Calculated.    Hs0  2.18. 
Found.  "     1.78. 

Anhydrous  substance. 

CsHaoOe.     Calculated.  C  68.27,  H  7.98. 

Found,  (a).  "  68.49,  "  8.04. 

(b).  "  68.75,  "  7.88. 

Isostrophanthidin  Bena'oafe.— Isostrophanthidin  was  benzoylated 
as  in  previous  cases.  When  recrystallized  from  alcohol,  in  which 
it  is  very  sparingly  soluble,  the  benzoyl  derivative  forms  rosettes 
of  microscopic  leaflets  which  melt  mth  preliminary  sintering  at 
about  270°  when  rapidly  heated.  It  is  soluble  in  chloroform 
and  acetone,  less  readily  in  acetic  acid. 

[„]"  =  +38.0°    (c  =  1.002  in  chloroform.) 

CoHseO,.     Calculated.    C  70.83,  H  7.14. 

Found.  "  70.98,  "  7.08. 
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INTRODUCTION. 

That  the  reaction  of  the  blood  is  alkaline  and  that,  as  a  result, 
a  considerable  quantity  of  acid  may  be  added  to  it  before  it  will  . 
show  an  acid  reaction  to  litmus  or  to  most  of  the  common  indi- 
cators has  been  known  for  a  long  time.  That  a  measure  of  such 
titratable  alkalinity  was  desirable  was  immediately  apparent  and 
several  attempts  were  made  to  devise  methods  for  this  pm-pose.^ 
The  simplest  of  these  involved  only  the  addition  of  standard  acid 
to  the  diluted  blood  until  an  acid  reaction  to  the  indicator  test 
paper  was  obtained.  In  various  modifications  of  this  method, 
plasma  or  serum  was  used  instead  of  blood,  provision  was  made 
for  removal  of  carbon  dioxida  or  the  proteins  were  precipitated 
by  the  use  of  neutral  salts  or  of  alcohol.  These  protein  precipi- 
tates always  included  various  ions,  not  in  exact  equivalence,  the 
loss  of  which  from  the  solution  affected  the  value  of  the  titra- 
tion. When  the  proteins  were  not  removed,  their  buffer  action 
obscured  the  end-point. 

That  the  carbon  dioxide  content  of  the  blood  or  plasma  could 
be  used  as  a  measure  of  the  blood  alkali  was  soon  recognized  and 
several  attempts  were  made  to  devise  suitable  methods  for  this 
determination,  either  directly  in  the  blood  or  plasma  or,  indirectly 
by  determining  the  carbon  dioxide  content  of  the  alveolar^  air 
which  is  in  equiUbrium  with  arterial  or  venous  blood.  Since 
the  method  of  Van  Slyke  and  Cullen  for  the  determination  of  the 
carbon  diox-ide-combining  power  of  the  plasma  was  pubUshed, 

'  For  references  to  the  older  literature  see  Van  Slyke  and  Cullen  (1). 
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its  simplicity  and  accuracy  have  brought  it  into  general  use  and 
it  has  not  only  practically  supplanted  all  other  methods  but  has 
made  possible  both  chnical  and  experimental  observations  for 
which  no  other  method  could  have  been  employed. 

Nevertheless,  the  method  is  not  free  from  objections.  To 
obtain  accurate  results,  the  blood  must  be  collected  wthout  stasis 
and  the  plasma  must  be  separated  mthout  loss  of  carbon  dioxide. 
Both  of  these  conditions  are  often  difficult  to  realize  and,  fre- 
quently, no  serious  attempt  is  made  to  do  so.  It  often  happens 
that  the  blood  is  almost  completely  reduced  when  collected  and 
is  then  received  and  centrifuged  wthout  precautions  to  prevent 
the  escape  of  carbon  dio.xide.  The  errors  resulting  tend  to  neu- 
tralize each  other  but  the  exact  resultant,  in  any  given  case,  cannot 
be  definitely  known.  After  separation,  the  plasma  is  saturated 
with  the  operator's  alveolar  air  or  with  a  mixture  of  air  and  car- 
bon dioxide  containing  the  latter  at  40  mm.  tension.  If  the  al- 
veolar CO2  tension  of  the  subject  is  not  40  mm.,  or  the  same  as 
that  of  the  operator,  another  error  is  introduced  as  was  pointed 
out  by  Joffe  and  Poulton  (2)  and  by  Peters  and  Barr  (3). 

This  last  objection  is  obviated  by  the  use  of  Van  Slyke's  later 
methods  (4).  In  one  of  these,  the  bicarbonate  content  is  calculated 
from  the  total  CO2  content  and  the  pH  determined  by  CuUen's 
colorimetric  method  (5)  by  the  use  of  the  formula  BHCO3  =  (total 

IQ  pH  -  pKi  ^ 

^^-^  ;^0PH-PK,|   J  ^'Ji'cli  is  derived  from  Hasselbalch's  equation 

TI  T-      I     1  BHCO3 

pH   -  plv  +  log     ^^     .     In  the  other  method,  after  addition 

of  an  excess  of  acid  to  the  plasma  and  removal  of  the  CO2,  the 
diluted,  acidified  plasma  is  titrated  back  to  the  reaction  of  another 
sample  of  plasma  that  has  only  been  diluted.  But  to  use  either  of 
these  methods  it  is  essential  that  the  blood  be  collected  absolutely 
without  stasis  and  that  the  plasma  be  separated  with  absolutely  no 
loss  of  CO2.  These  requisites  are  probably  not  realizable  under 
clinical  conditions. 

^  The  determination  of  the  CO2  capacity  of  the  blood  at  a  definite 
CO2  tension,  as  employed  by  Henderson  and  Morriss  (6),  has 
not  come  into  general  use;  perhaps  because  the  procedure  is  not 
so  simple  as  that  for  a  similar  determination  in  the  plasma. 
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Principles  upon  Which  Proposed  Method  Is  Based. 

The  cations  of  the  blood,  represented  by  B,  are  combined  wth 
anions  such  as  'CI,  'SO4,  'H2PO4,  proteins,  lipoids  (?),  and  'HCO3. 
K  a  suitable  acid  precipitant  (HA)  be  added,  the  proteins  are 
precipitated  and  combined  mth  the  acid  precipitant,  the  lipoids 
are  carried  cIo\mi  with  this  precipitate  and  in  the  filtrate  are  found 
BCl,  BH2PO4,  BA,  and  excess  HA.  The  equations  may  be  written 
BHCO3  +  HA  =  BA  +  H,C03 
BjHP04  +  HA  =  BH2PO,  +  BA 

COOB  COOH 

Protein  +  2HA  =  Protein  +  BA 

^NH,  NHjHA 

If  now,  the  excess  of  free  acid  (HA)  in  the  filtrate  be  determined 
by  titration  mth  standard  alkaU  and  a  suitable  indicator  and  then 
the  total  amount  of  precipitating  anion,  free  and  combined,  in 
the  same  filtrate  be  determined  by  a  suitable  method,  the  differ- 
ence will  represent  the  amount  of  (A)  in  the  filtrate  that  is  combined 
with  (B)  derived  from  the  blood.  By  a  suitable  choice  of  indi- 
cators, the  amount  of  buffers  (phosphoric  acid,  etc.)  in  the  filtrate 
may  be  estimated. 

Since  the  desired  value  is  the  difference  between  the  two  quan- 
tities actually  determined,  it  is  obx-ious  that  these  should  be  kept 
low  in  order  that  the  sum  of  the  errors  inherent  in  their  deter- 
mination should  not  be  too  large  a  fraction  of  the  difference. 

Of  all  the  protein  precipitants  tried,  only  picric  acid  appears 
to  fulfill  the  requirements.  Only  a  small  excess  is  required  and 
this  is  readily  titrated  with  0.01  N  NaOH  and  even  with  0.005 
N  NaOH  with  methyl  red  as  indicator,  or  with  the  former  to  neu- 
tral red,  phenol  red,  or  thymolphthalein.  The  total  of  free  and 
combined  picric  acid  can  be  determined  gravimetrically  as  ni- 
tron picrate  (7)  or  volumetrically  by  tritration  with  titanous 
chloride  (8,  9).  Attempts  at  a  colorimetric  method  depending 
upon  the  color  of  the  picric  acid,  of  its  reduction  products,  or  of 
isopurpuric  acid  were  all  unsuccessful.  Titration  with  night 
blue  (10)  was  also  unsatisfactoiy,  for  it  was  found  that  the  com- 
po.sition  of  the  night  blue  picrate  varied  with  the  conditions  of 
the  precipitation. 
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Towards  methyl  red,  picric  acid  behaves  strictly  as  a  mono- 
basic acid,  the  calculated  value  being  obtained  on  titration  with 
NaOH.  But  as  the  reaction  becomes  more  alkahne,  increasing 
amounts  of  alkali  are  bound  so  that  the  alkali  value  of  the  picric 
acid  must  be  determined  by  experiment.  It  varies  somewhat 
with  the  concentration  and  possibly  mth  the  presence  of  other 
salts  so  that  the  final  results  with  indicators  having  a  color  change 
above  pH  a.O  are  not  quite  so  accurate  as  those  obtained  with 
methyl  red. 

Usefulness  of  the  Different  Indicators. 

The  different  indicators  may  be  used  to  serve  different  purposes. 
Methyl  red  gives  the  most  closely  agreeing  duplicate  determina- 
tions and  can  be  used  with  as  httle  as  the  equivalent  of  0.3  cc. 
of  blood.  However,  the  end-point,  pH  6.0,  is  outside  the  physi- 
ological range.  As  nearly  as  can  be  determined  -with  the  aid  of 
phosphate  solutions  and  of  sodium  picrate,  the  end-point  fihowa 
by  phenol  red  is  very  nearly  pH  7.4,  the  reaction  of  normal  blood. 
The  phosphoric  acid  and  other  buffers  are  then  most  nearly  in 
the  condition  in  which  they  exist  in  the  blood.  The  blue  color 
of  brom-thymol  blue  also  appears  at  about  pH  7.4  but  the  change 
is  no  sharper  than  that  with  phenol  red  and  it  cannot  be  followed 
by  the  use  of  thjTuolphthalein  in  the  same  sample.  Neutral 
red  was  used  early  in  the  work  but  was  discarded  as  offering  no 
advantages  over  phenol  red. 

The  value  obtained  with  the  use  of  thymolphthalein  changes 
more  rapidly  as  acid  is  injected,  in  vivo,  than  does  that  obtained 
with  either  of  the  other  indicators  and,  therefore,  may  prove  to 
be  of  greater  clinical  value  as  an  indicator  of  acidosis,  although 
the  end-point  is  outside  the  physiological  range. 

Directions. 

(a).  Gravimetric  Method,   Using  Nitron. 

If  available,  5  cc.  of  the  oxalated  blood  arc  measured  into  a 
50  cc.  volumetric  flask  and  are  diluted  with  about  10  cc.  of 
water.  About  30  cc.  of  1  per  cent  picric  acid  solution  are  then 
added,  with  shaking,  and  the  mixture  is  diluted  with  water  to 
the  mark.     The  mixture  may  be  filtered  in  30  minutes,  or,    if 
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shaken  frequently,  in  10  minutes  or  less.     30  cc.  of  the  filtrate 
are  heated  to  boiling  in  a  150  cc.  Erlenmeyer  fiask,  cooled  in  water, 
and  then  titrated  wth  0.01  N  NaOH,  using  4  drops  of  0.01  per 
cent  methyl  red  as  indicator.     After  the  end-point  has    been 
reached,  4  drops  of  0.01  per  cent  phenol  red  are  added  and  a 
second  titration  is  made  to  the  appearance  of  a  definite  orange 
color.     Finally,  8  drops  of  1  per  cent  thymolphthalein  may  be 
added  and  a  third  titration  obtained.     Daylight  or  light  from  a 
"Daylite  lamp"  should  be  used.     The  liquid  is  then  strongly 
acidified  with  acetic  acid,  heated  to  boiling,  and  the  picric  acid 
is  precipitated  by  the  addition,  from  a  dropping  tube,  of  a  1  per 
cent  solution  of  nitron  in  10  per  cent  acetic  acid.     The  precipitate 
is  filtered  out  on  a  tared  Gooch  crucible,  is  washed  with  water, 
and  is  then  dried  at  110°  for  1  hour,  cooled,  and  weighed.     If 
thymolphthalein  has  been  employed,  a  correction  of  0.1  mg.  for 
each  drop  of  1  per  cent  solution  used  is  subtracted  to  allow  for 
the  amount  of  thymolphthalein  carried  down  with  the  precipi- 
tate.    The  molecular  weight  of  the  nitron  picrate  is  541.     Theo- 
retically, if  each  molecule  of  picric  acid  is  neutralized  by  1  molecule 
of  NaOH    1  mg.  of  nitron  picrate  =0.1848  cc.  of  0.01  n  NaOH. 
This  is  the  value  actually  obtained  by  experiment  with  methyl  red. 
As  has  already  been  explained,  other  factors  must  be  used  with 
other  indicators.     These  factors  are  best  obtained  by  titrating 
5  cc.  portions  of  1  per  cent  picric  acid  with  0.01  N  NaOH,  using 
all  three  indicators  in  turn,  then  precipitating  with  nitron,  weigh- 
ing the  nitron  picrate,  and  calculating  its  value  in  terms  of  0.01 
N  NaOH.     The  values  found  in  the  course  of  this  work  w^ere  1 
mg.  of  nitron  picrate  =0.1890  cc.  of  0.01  n  NaOH  to  phenol  red 
and  0.1958  cc.  to  thymolphthalein. 

From  the  alkali  equivalent  of  the  nitron  picrate,  there  is  de- 
ducted the  amount  of  alkali  required  to  neutralize,  to  the  corre- 
sponding indicator,  the  free  acid  in  the  sample.  The  difference 
represents  the  amount  of  alkali  previously  combined  with  protein 
or  with  carbonic  acid  in  the  blood.  The  results  are  then  calculated 
in  terms  of  cc.  of  0.1  N  NaOH  per  100  cc.  of  blood  by  dividing  by 
3  and  multiplying  by  10.  The  error  is  within  ±  1  per  cent  with 
methyl  red  and  is  less  than  ±  2  per  cent  with  the  other  indicators. 

If  so  much  as  5  cc.  of  blood  is  not  available,  satisfactory 
determinations  may  be  obtained  with  1.6  cc.  of  blood.     This  is 
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measured  into  a  IG  cc.  volumetric  flask  with  pointed  bottom 
made  so  that  it  will  fit  into  a  metal  centrifuge  tube  holder,  where 
It  IS  ddutod  mth  water  and  precipitated  ^\ith  from  9  to  10  cc  of 
1  per  cent  picric  acid.  After  shaking  and  standing,  the  flask  is 
centrifuged  and  the  supernatant  hquid  is  filtered  through  a  small 
paper.  10  cc.  of  the  filtrate  are  taken  for  a  determination,  which 
IS  carried  out  as  already  described  except  that  a  smaller  flask  and 
smaller  amounts  of  indicators  are  used.  The  error  is  less  than 
±2  per  cent  with  methyl  red  and  less  than  ±  3  per  cent  with  the 
other  indicators. 

(6).  Vohmetric  Method,   Using  Titanous  Chloride  (S,  9). 

If  a  volumetric  method  for  the  determination  of  the  picric  acid 
is  desired,  or  if  only  a  veiy  small  amount  of  blood  is  available 
titration  with  titanous  chloride  may  be  used.  The  determina- 
tion IS  then  carried  out  in  less  time  than  mth  nitron,  for  the  hour's 
diying  at  110°  and  the  subsequent  cooling  are  avoided  but  it 
reqmres  more  care  in  the  preparation  of  the  reagents  and  in  the 
determination. 

Fi-om  0.3  to  0.5  cc.  of  blood  in  a  0.5  cc.  Mohr  pipette  graduated 
to  the  tip  at  intervals  of  0.01  cc.  and  capable  of  being  read  to 
0.005  cc.  are  measured  into  a  5  cc.  centrifuge  tube,  graduated  in 
0.05  cc,  and  containing  a  few  drops  of  water.     The  pipette  is 
rinsed  mth  this  water  and  then  with  a  little  fresh  water.     Picric 
acid  solution  is  then  added  to  make  the  final  volume  ten  times 
that  of  the  blood  taken,  the  tube  is  covered  with  a  small  rubber 
cap,  shaken,  aUowed  to  stand,  and  then  centrifuged.     As  much  of 
the  supernatant  liquid  as  can  be  obtained  is  pipetted  off  with 
a  3  cc.  Mohr  pipette,  graduated  to  the  tip  in  0.025  cc.  and  de- 
livered into  a  conical  flask,  14  cm.  high,  30  mm.  in  diameter  at 
the  bottom  and  with  a  neck  18  mm.  in  diameter,  in  which  the  free 
acid  is  titrated,  using  only  methyl  red  (1  drop)  with  0.005  n  NaOH 
from  a  2  cc.  burette,  graduated  in  0.01  cc.     (A  few  trials  with 
other  indicators  were  not  veiy  satisfactoiy,  others  may  be  more 
successful  in  observing  the  color  changes.)     Add  20  drops  con- 
centrated H2SO4  and  insert  a  rubber  stopper  carrying  an  inlet 
tube  which  reaches  neariy  to  the  bottom  of  the  flask,  an  exit  tube, 
and  a  glass  plug.     While  passing  a  stream  of  carbon  dioxide  from 
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a  generator  or  from  a  tank,  heat  to  boiling,  remove  the  glass  plug 
and  through  this  opening  run  in  from  a  10  cc.  burette  10  cc.  of 
approximately  0.05  n  titanous  chloride  solution.     Replace  the 
plug  and  continue  the  boiling  for  5  minutes.     The  solution  should 
retain  a  pink  color,  indicating  the  presence  of  an  excess  of  titan- 
ous chloride.     The  flask  is  then  cooled  in  water,   the  plug  is 
removed,  and  the  excess  of  titanous  chloride  is  titrated  wth  an 
approximately  0.05  N  solution  of  ferric  ammonium  sulfate.     When 
the  titration  is  nearly  completed,  one-fifteenth  volume  of  10  per 
cent  NH4CNS  is  added  and  the  titration  continued  to  the  appear- 
ance of  a  red  color.     The  stream  of  carbon  dioxide  is  not  inter- 
rupted until  the  titration  has  been  completed.     The  excess  of 
titanous  chloride  should  require  at  least  2  cc.  of  fernc  ammonium 
sulfate  solution.     All  three  solutions  are  kept  free  from  air  m  bot- 
tles of  the  design  shown  in  Fig.  1.     The  ferric  ammonium  sulfate 
solution  keeps  well  and  need  be  standardized  against  picric  acid 
only  once      The  titanous  chloride  deteriorates   slowly  and  should 
be   checked   daily  against  the  ferric  ammonium  sulfate.     Each 
millimol  of  picric  acid  requires  18  millimols  of  titanous  chloride 
1  cc.  of  the  0.05  n  titanous  chloride  (or  ferric  ammonium  sulfate) 
is    therefore,  equivalent  to  ^h  milhmol  of  picric  acid  or  to  jts 
cc    of  0.005  N  alkah.     The  amount  of  alkali  required  to  titrate 
the  free  acid  is  subtracted  from  the  alkah  equivalent  of  the  titanous 
chloride  used  and  the  difference  is  multiplied  by  the  appropriate 
factor  to  obtain  the  result  in  terms  of  cc.  of  0.1  n  alkali  per 
100  cc   of  blood.     The  results  may  vary  from  a  control  by  the 
nitron  method,  in  which  30  cc.  of  filtrate  or  the  equivalent  of  3  cc 
of   blood  are  used,  by  as  much  as  4  per  cent  (veiy  seldom  more) 
though  they  are  generally  somewhat  closer. 

Titration  with  titanous  chloride  may  also  be  employed  mth 
larger  quantities  of  picric  acid  filtrate  and  three  indicators,  but  the 
results,  while  more  accurate  than  in  the  nucro  method,  are  not 
quite  so  satisfactory  as  arc  those  obtained  mth  the  use  of  precipi- 
tation with  nitron. 

The  micro  method  was  developed  with  the  intention  of  applying 
it  to  such  quantities  of  blood  as  might  readily  be  obtained  by 
pricking  a  finger.  It  was  found,  however,  that  considerable  pres- 
sure was  necessary  in  order  to  obtain  0.3  to  0.5  cc.  of  blood.  The 
results  obtained  with  samples  taken  from  different  fingers  differed 
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considerably  and  were  almost  all  greater  than  those  obtained  by 
the  nitron  method  on  a  sample  of  blood  taken  from  a  vein  im- 
mediately thereafter.  Apparently,  pressure  mixed  sufficient  tissue 
juice  of  a  high  titratable  alkalinity  (to  methyl  red)  with  the  blood 
to  invalidate  the  results. 

Moreover,  each  of  the  three  subjects  used  for  this  experiment 
(Table  X)  gave  it  as  his  opinion  that  the  puncture  of  the  vein 
mvolved  less  inconvenience  than  the  collection  of  0.5,  or  even 
0.3  cc.  of  blood  from  a  finger.  It  certainly  is  easier  for  the  opera- 
tor. It  is,  therefore,  recommended  that  at  least  1.6  cc.  of  blood  be 
made  available  and  that  the  micro  method  be  used  only  whenever, 
as  in  experiments  upon  small  animals,  not  even  so  much  as  1.6 
cc.  of  blood  are  available. 

There  is  a  source  of  error  that  is,  apparently,  insignificant  with 
normal  blood  but  which  may  be  of  importance  with  some  patholo- 
gical bloods.  Titanous  chloride  is  a  very  powerful  reducing 
substance,  even  reducing,  under  the  conditions  of  the  determina- 
tions, a  little  of  the  oxalate  used  as  an  anticoagulant.^  It  is 
possible  that  some  bloods  should  contain  some  reducible  substance 
(glucose  is  apparently  not  affected^)  the  presence  of  which  would 
make  the  values  for  the  titratable  alkali  too  great. 

DISCUSSION. 

The  results  summarized  in  Tables  I  to  IV,  inclusive,  show  that 
the  values  obtained  by  this  method  are  not  affected  by  variations 
in  the  amount  of  picric  acid  used  for  the  precipitation  of  the  pro- 
teins, by  extreme  variations  in  the  carbon  dioxide  content  of 
the  blood,  by  the  presence  of  a  fair  excess  of  oxalate  nor,  to  any 
considerable  extent,  by  standing.  That  sulfuric  and  lactic  acids 
and  sodium  bicarbonate,  added  to  vitro  are  quantitatively  re- 
covered is  sho^ra  by  the  figures  in  Table  V. 

The  experiments  with  intravenous  injections  of  acid  show  a 
very  prompt  diminution  in  the  titratable  alkali  as  acid  is  injected. 
Smce  this  is,  at  first,  almost  entirely  at  the  expense  of  the  bicar- 
bonate of  the  blood,  it  is  not  surprising  to  find  that  the  values  for 
the  CO2  content  and  COo-combining  power  of  the  plasma  fall 
more  rapidly,   at  first,  than  do  those  for  the  titratable  alkali. 

'  Unpublished  observations. 
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But  as  tlic  bicarbonate  reserve  is  exhausted  and  as  the  condition 
of  the  animal  becomes  more  critical,  the  diminution  m  the  ti- 
tratable  alkali  becomes  more  pronounced  so  that  when  the  LO2 
content  and  CO.-combining  power  have  fallen  to  about  one- 
half  their  normal  values,  the  titration  to  methyl  red  has  diminished 
ahnost  as  much  and  that  to  thymolphthalein  even  more. 

The  figures  in  Table  VIII  indicate  that  a  similar  relation  exists 
in  human  blood.     Thus,   the  seven  normal  bloods,  having  an 

TABLE  1. 

EfeH  of  Varying  Concentrations  of  Picric  Acid  on  the  Determination  of  the 
Titralable  Alkali  of  Sheep  Blood. 
0.1  N  alkali  per  100  cc.  of  blood. 


1  per  cent 
picric  acid. 


vol. 

5 
6 

8 


Methyl  red. 
pH  =  6.0 


49.6 
49.4 

50.7 

45.9 
45.8 

46.3 
46.0 


Neutral  red. 
pH  =  7.0 


Phenol  red. 
pH  =  7.4 


49.5 
49.7 
50.6 

45.2 
44.9 

46.0 
45.7 


Crcsol  red. 
pH  =  7.S 


46.5 
46.0 
45.9 

43.1 
43.2 


44.4 
44.4 
44.2 


Thymolphtha- 
lein. 
pH  =  9.0 


40.0 
41.3 
41.9 


43.6 

37.3 

43.2 

37.7 

39.6 

37.4 

Three  different  samples  of  oxalated  sheep  blood  were  treated  with  the 
number  of  volumes  of  1  per  cent  picric  acid  shown  in  the  first  column  and 
the  mixtures  were  then  diluted  with  water  to  ten  times  the  volume  of  blood 
taken  30  cc.  of  the  filtrate,  equivalent  to  3  cc.  of  blood,  were  titrated  in 
succession  with  0.01  n  NaOH,  using  the  indicators  in  the  order  given. 
(Phenol  and  cresol  red  require  two  different  samples,  other^vise  the  entire 
series  can  be  run  on  one  sample.)  The  liquids  were  then  treated  with 
acetic  acid  and  nitron  and  the  nitron  picrate  was  filtered  out  and  weighed 
It  is  evident  that  varying  the  amounts  of  picric  acid  used  does  not  attect 
the  result.  When  8  volumes  of  picric  acid  are  used,  the  excess  m  the 
filtrate  is  large  and  even  slight  errors  in  the  titration  or  in  the  weighing 
of  the  nitron  picrate  introduce  relatively  large  errors  into  the  desired 
quantity,  the  difference.  Therefore,  it  is  advisable  not  to  use  more  than 
6  or  6  5  volumes  of  picric  acid  and  with  bloods  that  are  known  to  be  poor  in 
protein  (cells)  to  use  only  5  volumes  or  even  less.  The  buffer  property  of 
picric  acid  (p.  272)  is  probably  responsible  for  the  greater  deviations  ob- 
served as  the  pH  of  the  indicator  change  rises  above  6.0. 
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TABLE  II. 

TitratahU  Alkali  of  A  erated  Blood  and  of  the  Same  Blood  Saturated  with  COu 

0.1  N  alkali  per  100  cc.  of  blood. 


Blood. 


Aerated 

Saturated  COj 


Aerated 

Saturated  CO2 


Methyl  red. 


Neutral 
red. 


Phenol  red 


Aerated 

Saturated  CO2. 


49.5 
48.7 

40.7 
40.9 

40.1 
39.9 


49.7 
48.5 


45.8 
45.5 


Cresol  red. 


44.0 
44.0 


Thymol- 
phthalcin. 


40.4 
40.1 


The  oxalated  sheep  blood  was  divided  into  two  parts.  One  was  aerated 
by  shaking  small  quantities  with  air  in  large  flasks,  the  other  was  saturated 
with  CO=  by  passing  the  gas  from  a  tank  through  water  and  then  through 
the  blood.  Samples  of  each  were  then  taken  and  analyzed  in  the  usual 
manner. 


TABLE  III. 

Effect  of  Oxalate  on  Titratable  Alkali. 

0.1  N  alkali  per  100  cc.  of  blood. 


Blood. 


Methyl 
red. 


Phenol 
red 


Defibrinated  sheep  blood 


+0.4  per  cent  NsadO,. 


+0.4  per  cent  K2C2O4  . 
+  1.0    "       "     Na2C204. 


45.8 
46.4 

46.2 
47.0 
47.3 


43.1 
43.6 

45.2 
44.7 
44.6 


Thymol- 
phth;ileiii. 


37.5 
38.3 

39.6 

38.8 


Only  0.1  per  cent  o.xalate  is  needed  to  prevent  coagulation.  Quantities 
four  times,  and  even  ten  times,  so  great  exert  only  a  slight  influence  on  the 
titration.  However,  a  large  excess  should  be  avoided  for  it  increases  the 
amount  of  picric  acid  required  for  complete  precipitation  of  the  proteins 
and  that  is  undesirable  (p.  277)  and,  in  the  volumetric  method,  some  of  the 
oxalate  is  reduced  by  the  titanous  chloride,  which  makes  the  final  results 
too  high. 
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average  plasma  COa-combining  power  of  61  volumes  per  cent  had 
an  average  titratable  alkali  content  equivalent  to  44.8  cc.  of  0.1  N 
alkali  per  100  cc.  of  blood  to  methyl  red,  37.9  cc.  (only  6)  to  phenol 
red  and  32.3  cc.  (only  4)  to  tliymolphthalein.  With  the  exception 
of  the  one  from  a  severe  case  of  nephritis,  the  samples  of  blood  the 
plasma  of  which  had  a  CO^-combining  power  of  from  15  to  25 
volumes  per  cent  had  a  titratable  alkah  content  of  about  20  cc.  to 

TABLE  IV. 
Effect  of  Standing  on  the  Titratable  Alkali  of  the  Blood. 

0.1  N  alkali  per  100  cc.  of  blood.  


Blood. 


Human. 


Human. 


Temperature. 


Room. 


10 

40 

70 

100 

160 

220 


Methyl  red. 


Phenol  red. 


44.3 

44.2 
44.7 
43.2 
43.0 
43.6 


Sheep. 


Ice  box. 


30°C. 

Room. 

+Ice  box. 


38.6 
38.8 
39.2 
38.2 
38.2 
38.9 


hTS. 

1 

45.3 

43.8 

17 

43.2 

40.1 

41 

42.5 

39.5 

65 

41.5 

38.5. 

89 

40.4 

36.0 

1 

49.6 

46.1 

4 

49.4 

46.5 

20 

49.5 

45.8 

In  these  samples,  the  rate  of  acid  production  was  very  low.  In  the 
human  bloods,  this  may  have  been  due  to  the  fact  that  they  were  nearly 
completely  deoxygenated.  Other  samples  might  have  shown  a  greater 
production  of  acid  (11,12). 

methyl  red,  15  cc.  to  phenol  red,  and  3  cc.  to  thymolphthalein.  In 
other  words,  a  reduction  to  0.33  or  0.25  of  the  normal  value  of 
C02-combining  power  of  the  plasma  was  accompanied  by  a  lower- 
ing of  the  titratable  alkaU  of  the  blood  to  about  0.5  with  methyl 
red,  to  0.4  wtli  phenol  red,  and  to  as  little  as  0.1  of  the  normal 
with  thymolphthalein.  The  titration  to  thymolphthalein  may, 
therefore,  be  the  most  valuable,  clinically  in  spite  of  the  slightly 
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greater  orror  inherent  in  its  determination.  The  one  exception 
to  this  marked  lowering  of  the  titration  to  thymolphthalein  was 
observed  in  a  sample  of  blood  from  a  patient  with  advanced 
nephritis,  taken  shortly  before  death.  The  non-protein  nitrogen 
was  263  mg.  per  100  cc.  and  the  cell  volume  was  only  18  per  cent. 

T.\BLE  v. 

Effect  on  Titratable  Alkali  of  Blood  of  Acid  and  Alkali  Added  in  Vitro. 

0.1  N  alkali  per  100  cc.  of  blood. 


Blond. 


Human  (3  days  old)  +  2  cc.  0.8  per  cent  NaCl 

"       (3   "        "    )  +2    "  1.04NH.SO, 

"        (3   "        "    )  +  2     "  1.10  N  lactic  acid.. 


"  (4  " 
"  (4  " 
"       (4   " 

"       (5   " 

■""       (.5   " 

"       (5   " 

Sheep  (fresh) . . 

"  +  0.5  cc. 

"  +  1.0    " 

"  +  1.5    " 


) 

)  +  0.5  cc.  0.99  N  H:S04. 
)  +  1.5  "    0.99  .X  HjSO^. 


) 

)  +  0.5  cc. 
)  +  1.5    " 


N  NaHCOs 
N  NaHCOs 


1.2  N 

1.2  N 
1.2  N 


lactic  acid . 


43.0 
23.4 
24.2 

41.5 
36.5 
28.6 

40.4 
45.2 
54.2 

50.7 
45.2 
37,6 
31.8 


38.3 
19.7 
19.3 

41.3 
36.3 
28.2 

40.7 
44.8 
53.9 


.38.5 
32.9 
25.5 

36.0 
42.1 
52.0 

46.4 
40.1 
33.8 
28.1 


27.7 
6.7 
5.7 

27.8 
23.3 
14.4 

26.2 
32.0 
41.7 


The  indicated  quantities  of  acid  or  alkali  were  added  to  100  cc.  portions 
of  blood,  s.amples  of  which  were  then  precipitated  with  picric  acid.  The 
results  show  complete  recovery  of  acid  and  alkali  added. 

Both  high  nitrogen  and  low  cell  volume  may  have  had  something 
to  do  with  the  result. 

That  there  should  be  a  close  parallelism  between  the  variations 
in  the  COa-combining  power  of  the  plasma,  as  determined,  and  the 
change  in  titratable  alkali  of  the  blood  was  scarcely  to  be  expected 
in  \iew  of  the  differences  in  cell  content  and  in  percentage  satura- 
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TABLE  VI. 

Effect  of  Intravenous  Injeciions  of  Acid  on  the  Titralable  Alkali  of  the  Arterial 

Blood  and  Plasma  of  the  Dog. 


Plasma 
COt. 


formal . 
N  HCl .  . 


Normal 49.047.0 


per 
cent 

49.0 
25.0 


per 
cent 

46.7 
23.8 


Titratable  alkali. 
0.1  N  alkali  per  100  cc.  of  blood  or  plasma. 


Methyl 
red. 


Neutral 
red. 


N  lactic  acid 42 .5 

"      "        "     38.1 


Normal .  .  . . 
0..52  N  HCl. 
0.52  "  "  . 
0.52  "  "  . 
0.52  "  "  . 
0.52  "      "  . 


Normal.  . 

0.55  N  lactic  acid. 
0.55  "  "  "  . 
0.55  "  "  "  . 
0.55  "  "  "  . 
0.55  "       "        "    . 


53.1 

4f>.8 
42.4 
37.9 
32.8 
.30.6 


45.4 
39.3 
33.3 
23.9 
14.6 
11.4 


40.3 
36.3 

48.0 
42.1 
38.3 
34.4 
31.7 
29 

44.2 
37. 
31. 
21. 


42.0 

27.5 

40.0 
36.5 
34.0 

46.0 

42.3 

40.1 

37.9 

35 

33.2 

39.9 
.35.6 
31.7 
25.5 


37.2 

24.8 

39.0 
34.4 
30.5 


12.916.8 


<A 

r3 

H 

o 

m 

d. 

38.3 
24.6 

.34.6 
32.5 
30.8 


37.2 
33.0 
30.3 
23.8 
18.4 


Phenol 
red. 


Thymol- 
phthalein. 


35. S 
22.7 

37.2 
32.1 
28.6 


10.1  13.416.1 


36.2 
21.5 

36.0 

32.2 
31.5 

40.0 
36.5 
35.5 
34.0 
30.5 
28.9 

35.6 
29.3 
26.4 
19.0 
10.6 
8.2 


34.5 
22 


37.2 

33 

.30.6 


26.6 
13.5 

26.7 
24.3 
21.9 


36.0 
31.0 
28.3 
20.7 

14.7 
12.7 


30.4 
18.2 

32.8 
29.0 
26.1 


27.0 
22.2 
17.7 
12.2 
2.25 
-1.65 


29.9 
23.9 
20  2 
13.2 
5  6 
+  1.7 


The  femoral  artery  of  one  leg  and  the  femoral  vein  of  the  other  ivere 
exposed  under  cocaine  anesthesia.  After  taking  samples  of  the  arterial 
blood  (under  paraffin  for  examination  of  the  plasma),  the  acid  was  slowly 
injected  into  the  vein.  3  minutes  after  the  injection  had  been  interrupted, 
from  20  to  40  cc.  of  blood  were  run  out  of  the  artery  to  clear  it  and  new 
samples  were  collected.  The  CO2  determinations  were  made  by  the  methods 
of  VanSlykeandCullen  (1,4,5).  In  the  first  three  experiments,  the  plasma 
was  equilibrated  with  the  operator's  alveolar  air  for  the  determination  of 
the  combined  CO2,  in  the  last  this  was  calculated  from  the  tjatal  CO,  and 
the  pH.  This  was,  in  the  successive  samples,  7.65,  7.50,  7.39,  7.15,  6.8 
(approximately),  6.8  (approxhnately).  The  last  two  samples  contained  so 
much  hemoglobin  that  comparison  was  difficult  and  probably  inaccurate. 
The  observed  values  were  6.8  and  6.8,  but  7.0  has  been  used  in  the  calculations. 
A  correction  of  O.IS  has  been  used  (13)  to  change  the  values  at  20°  to  those 
at  38°. 
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tion  mth  oxygen  and  carbon  dioxide  of  the  blood  at  the  time  the 
plasma  was  separated.  But  that  there  is  no  closer  parallelism 
between  any  one  of  the  three  series  of  values  for  the  titratable 
alkali  of  the  plasmas  and  the  values  for  the  C02-combining  power 
of  the  same  plasmas  is  a  matter  that  is  not  so  readily  explained. 
Differences  in  protein  content  may  account  for  some  of  these 
deviations  but  there  must  be  other  factors,  the  nature  of  which  is 
not  immediately  apparent. 

T.\BLE  VII. 

Effect  of  Intravenous  Injections  of  Sodium  Carbonate  upon  Titratable  Alkali 
of  the  Arterial  Blood  of  Dogs. 


PI.Tsma 
pH. 

Plasma  CO2. 

0.1  N  alkali  per  100  cc. 
of  blood. 

Total. 

PHCO, 

Methyl 
red. 

Phenol 
red. 

Thymol- 
phthalein. 

Normal 

7.49 
7.61 

7.39 
7.58 

7.56 
7.68 

per  cent 

58.8 
97.0 

65.6 
104.3 

62.4 
113.0 

per  cent 
54.8 

90.6 

61.1 
97.5 

58.2 
105.6 

cc. 
41.9 
57.0 

39.2 
59.1 

47.3 
61.3 

cc. 

37.7 
51.3 

33.9 
55.6 

41.7 
56.7 

cc. 

Injected  5.4  per  cent  NaaCOs  . 
Normal 

28.4 
45.9 

35.8 
51.2 

Injected  5.4  per  cent  NaoCOa  . 
Normal 

Injected  5.4  per  cent  NaoCOa  . 

The  experiments  were  conducted  in  the  same  manner  as  those  with  acid 
(see  note  to  Table  VI).  The  pH  was  determined  by  CuIIen's  method,  using 
the  correction  0.18  to  change  the  values  at  20°  to  those  at  38°.  The  total 
CO2  was  determined  by  Van  Slyke's  method  and  the  combined  CO2  was 
calculated.  A  report  on  the  effect  of  the  continuance  of  the  injections  of 
the  alkali  will  be  found  in  the  following  paper. 

In  dog  blood  drawn  from  the  arteiy  and  ccntrifuged  under 
paraffin  and  in  sheep  blood  obtained  at  the  slaughter  house  in 
well  filled  bottles  and  centrifuged  under  paraffin,  methyl  red  gave 
higher  values  for  whole  blood  than  for  plasma,  phenol  red  gave 
approximately  the  same  for  both,  while  thjTnolphthalein  gave 
lower  values  for  whole  blood  than  for  plasma.  A  mixture  of 
phosphates  at  the  reaction  of  the  blood  is  alkaline  to  methyl  red 
and  acid  to  thymolphthalein.  The  difference  in  reaction  of  the 
end-points  of  these  indicators  is  almost  exactly  that  represented 
by  the  second  H+  of  phosphoric  acid.     The  difference  in  the  ti- 
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trations  is  about  10  cc.  of  0.1  N  NaOH  per  100  cc.  of  blood  and  7 
cc  per  100  cc.  of  plasma.  If  this  were  due  entirely  to  phosphoric 
acid,  it  would  require  the  presence  of  31  mg.  of  inorganic  phos- 
phorus in  the  blood  and  22  mg.  in  the  plasma.  But  there  is  only 
about  one-fifth  as  much  as  this.  The  organic  "acid-soluble" 
phosphorus  compound  of  the  corpuscles  may  have  sufficient 
buffer  action  to  account  for  part  of  the  buffer  properties  of  the 
filtrate  from  blood  but  there  is  no  considerable  quantity  of  such 
a  compound  in  plasma. 

Experiments  in  which  small  quantities  of  amino-acids  were 
added  to  picric  acid  and  the  mixture  titrated  to  the  end-points  of 
the   three   indicators   showed   that  these   could    account  for   a 
part  of  the  buffer  action.     Under   conditions  corresponding  to 
a  concentration  of  33  mg.  of  amino-acid  per  100  cc.  of  blood,  the 
change  in  the  buffer  value  of  the  picric  acid  solution  was  0.30  cc. 
of  0.01  N  NaOH  mt'h  alanine  and  0.48  cc.  with  glycine,  equivalent 
to  1.0  and  1.6  cc,  respectively,  of  0.1  N  alkah  per  100  cc.  of  blood. 
Hiller  and  Van  Slyke  (14)  found  8.3  mg.  of  amino  nitrogen  per' 
100  cc.  of  blood  in  the  picric  acid  filtrates  from  ox  blood.     This 
amount  of  nitrogen  is  the  equivalent  of  44  mg.  of  glycine  or  of 
53  mg.  of  alanine.     E\adently,  the  amino  nitrogen  of  the  filtrate 
accounts  for  about  1..5  cc.  of  its  buffer  action.     Miller  and  Van 
Slyke  also  reported  4.6  mg.  of  peptide  nitrogen  per  100  cc.  of 
blood  in  their  picric  acid  filtrates.     Eckweiler,  Noyes,  and  Falk 
(15)  found  a  buffer  value,  between  pH  6.0  and  9.0,  of  42  cc.  of 
0.1  N  NaOH  per  100  cc.  of  a  0.05  n  solution  of  dipeptide.     Such 
a  solution  contains  70  mg.  of  peptide  nitrogen  per  100  cc.  or  15.2 
times  the  concentration  found  in  the  blood.     Assuming  that  the 
molecular  buffer  action  is  no  less  in  the  dilute  solution  than  in 
the  concentrated,  the  peptide  nitrogen  of  the  picric  acid  filtrates 
will  account  for  about  2.8  cc.  of  0.1  n  NaOH  per  100  cc.  of  blood. 
The  substances  yielding  peptide  nitrogen  in  the  analyses  of  Hiller 
and  Van  Slyke  also  yielded  some  amino   nitrogen,   but,    after 
making  allowances  for  such  nitrogen,  it  is  clear  that  the^  buffer 
action  due  to  the  amino-acids  and  peptides  in  the  picric  acid 
filtrates  will  amount  to  between  3  and  4  cc.  of  0.1  n  NaOH  per 
100  cc.  of- blood. 

A  similar  examination  of  the  figures  for  hmnan  blood  shows 
similar  relations  to  exist  except  that,  in  almost  every  instance. 
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TABLE  VIII. 
Comparison  of  Titratable  Alkali  of  Blood  and  Plasma  mth  CO^-Comhining 
Poiver  of  the  Plasma. 


Diagnosis. 


a> 

a 

3 
> 

o 

8 

0} 

s 

Methyl 
red. 

Phenol 
red. 

Thymol- 
phthalein. 

o 
o 

s 

i 

1 

s 

IS 

a 

o 
o 

5 

i 

s 
a, 

Human  blood. 


Diabetes . 


Nephritis, 
Diabetes . 


N.P.N.  263... 


Typhoid  fever. . 
Cardionephritis . 
Diabetes 


Normal . 


Tuberculosis  of  kidney 

Normal 

Diabetes 

Asthma 

Normal 

Uterine  fibroids      

Exophthalmic  goiter 

Typhoid,  pyelonephrosis 

Chronic  osteomyelitis,  diabetes 
Normal 


Pyelonephrosis    (2   days    after 
operation) 

Gastric  neurosis 

Normal 

Diabetes 

Auricular  fibrillation 

Unknown 

Neurosis 

1    week    after    hysterectomy 
and  appendectomy 


per 
cent 


50.0 

18.0 

46.0 

50.0 

44.5 

24.0 

26.3 

34.5 

45.5 

46.4 

48.0 

40.0 

50.0 

46.1 

46.9 

36.7 
48.0 
49.4 
39.0 
50.0 
40.7 

42.0 
44.6 
43.0 
41.4 
48.0 
40.0 
49,0 

34.8 


per 
cent 

15 

19 

22 

25 

32 

34 

39 

39 

49 

51 

55 

56 

57 

CO 

61 

61 

G2 

62 

62 

63 

63 

63 

63 


18.2 
24.0 
30.7 
17.0 
27.2 
28.7 
1 


28.9 


35 

38.1 

42.5 

37.5 

47.2 

43 

39 

39 

40 

44 

44.3 

47.0 

41.9 

49 

41.2 

42.1 

42.7 


37.7 


40.4 


47.3 


42.3 
44.8 
44.4 
42.0 
45.5 
46.8 
43.9 

45.4 


44.1 

41.9 
44.6 


44.9 

41.7 
43.0 
47.7 
49.0 
44.7 

51.6 


13.1 

18.9 

24.0 

10 

23.7 

24 

25.2 

31. S 

36.6 

32.1 

42.6 

39.2 

34.3 

33.4 

34.7 

37.4 

38.6 

40.8 

36.5 

44.2 

32.7 

33.5 


24.1 


30.0 


38.4 


45.5 


3.6 

14.1 

2.8 


40.7 


39.5 
41.6 


36.2 
39.0 
40.0 
36.1 
38.5 
39.0 
38.2 


28.5 
28.0 
36.7 

29.3 
25.9 
27.9 
29.2 

33.7 
29.4 
40.3 
5.9 
31.0 


42.6 


38.947.8 


29.4 
31.7 
35.6 
29.7 
32.7 
31.3 
30.8 

33.4 


14.7 


32.4 


42.8 


36.6 

35.2 
37.9 


40.2 

36.4 
36.7 
40.8 
39.4 
37.4 

45.2 


I.  Grecnwald  and  G.  Lewman 


279 


TABLE  V 111— Concluded. 


Diagnosis. 


Methyl 
red. 


Phenol 
red. 


Thymol- 
phthalein. 


Human  blood — Concluded. 


Chronic  appendicitis. 

Diabetes 

Cardiac  insufficiency. 
Diabetes 


per 
cent 

41.0 
50.0 
45.0 
30.0 
44.0 
45.5 


Chronic  osteomyelitis,  diabetes 
Chronic  bronchitis,  emphysema.  134.0 


per 

C£7lt 

69 
69 
70 
70 
73 
75 
85 


46.6 

43.1 

43.9 

46.6 

44.8 

47 

53.0 


50.9 
47.7 
47.3 
46.9 
47.7 

56.4 


40.0 
37.0 
39.3 
39.5 
40.1 
41.0 
45.5 


48.4 
41.9 
45.5 
44.3 
45.0 

52.4 


34.0 
30.9 
32.5 
34.8 
34.0 
35.8 
34.3 


46.0 
37.0 
42.8 
42.0 
40.7 

51.5 


Sheep  blood. 


1 

2 

63 

49.6 

48.1 

43.0 

43.4 

40.3 

42.0  (?) 

59 

48.1 

46.3 

44.2 

42.0 

39.0 

36.8  (?) 

3 

63 

49.1 

48.9 

44.8 

44.4 

35.0 

38.2 

T.\BLE  IX. 

Effect  of  the  Addition  of  1  Mg.  of  the  Substances  Indicated  on  the  Titration  of 

5  Cc.  of  an  Approximately  1  Per  Cent  Picric  Acid  Solution  ivith 

0.01  N  NaOH.  

Thymol- 
phthalein. 


Methyl  red. 


Picric  acid 

"  "  +  1  mg.  alanine.  .  . 
"  "4-1  "  glycine.  .  . 
"  "  +  1  "  creatine.  . 
"        "     +  1    "     creatinine 


22.20 
22.30 
22.45 
22.40 
22.10 


Phenol  red. 


22.60 
22.75 
22.80 
22.80 
22.80 


23.60 
24.00 
24.33 
23.85 
23.90 


the  plasma  gave  higher  values  for  titratable  alkali  with  all  three 
indicators.  The  animal  blood  was  drawn  from  an  artery,  the 
human  blood  from  a  vein.  As  arterial  blood  becomes  venous  in 
character,  CI  (and  possibly  other  anions)  pass  from  the  plasma 
into  the  cells  and  it  is,  therefore,  not  surprising  that  plasma  ob- 
tained from  venous  blood  should  contain  more  titratable  alkali 
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TABLE  X. 


Comimrison  of  Determinalions  of  Titratable  Alkali  by  Gravimetric  Method, 

Using  Nitron,  and  by  Volumetric  Method,  Using  Titanous  Chloride 

{Methyl  Red  Only). 


Gravimetric  niffhod. 
5  cc.  IMoofl  precipitated 
30  cc.  filtrate. 
=  3  cc.  blood,  u.'^ed. 
0.1  N  alkali  per  100  cc.  of  blood 


47.7 


46.0 


46.2 


46.0 


47.5 


47.3 


Volumetric  method. 


Amount  of 
blood  pre- 
cipitated. 


0  .30 
0  40 
0  .-)0 

0.30 
0.40 
0.50 

0.30 
0.40 
0.50 

0..30 
0.40 
0.50 

0.30 
0.40 
0.50 

0.30 
0.40 
0.50 


Equivalent 
in  liquid 
analyzed. 


0.200 
0.225 
0.300 

0.175 
0.225 
0.318 

0,200 
0.250 
0.338 

0.175 
0.2.50 
0.325 

0.175 
0.235 
0.300 

0.175 
0.225 
0.300 


Value  obt.iined. 
O.I  N  alliali  per  100  cc.  of  blood. 


45.6 
48.  5 

46.9 

46.2 
45.3 
46.6 

43.8 
43.9 

45.7 

44.7 
44.0 
45.8 

47.7 
46.0 
49.8 

42.0 
46.6 
48.1 


48.9 
48.0 
45.5 


Average. 


47.3 
48.3 

46.2 


44.7 

45.5 

46.2 

45.8 

44.9 

45.8 

45.3 

44.6 

44.9 

44.4 

44.6 

45.7 

44.7 

44.7 

44.8 

44.4 

44.3 

45.1 

46.0 

46.9 

45.8 

45.9 

47.4 

48.6 

44.8 

43.4 

45.8 

46.2 

46.7 

47.4 

TABLE  XI. 
Comparison  of  Results  Obtained  v'ilh  Blood  from  an  Arm  Vein  and  with 
Quantities  of  0.2  to  0.5  Cc.  from  Fingers,  Shoicing  Comparative  In- 
accuracy of  the  Method,  Apparently  Due  to  Tissue  Material 
Introduced  by  Squeezing  Finger  {Methyl  Red  Only). 


Vein. 

Finsers. 

I 

II 

III 

IV 

V 

42.7 
37.1 
47.2 

50.7 
41.5 
48.3 

49.3 
44.1 
48.9 

45.3 
37.7 
52.7 

47.1   • 
34.9 

48.7 

47.2 
38.4 
50.2 

I.  Greenwald  and  G.  Lewman  281 

than  that  obtained  from  arterial  blood.  The  figures  in  Tables 
VI  and  VIII  indicate  a  transfer  of  the  equivalent  of  2  or  3  cc. 
of  0.1  N  acid  from  plasma  to  corpuscles  as  the  blood  passes  from 
the  arteries  to  the  veins.  This  is  about  the  amount  that  is  in- 
dicated by  direct  experiment  (16). 

EXPERIMENTAL. 

Preparation  of  Reagents. 

Picric  4ad.— :\Ierok's  "blue  label"  picric  acid  is  satisfactory.  Dissolve 
20  gm.  in  hot  water  in  a  2,000  cc.  volumetric  flask,  allow  to  cool,  and  dilute 

to  mark. 

0.01   and  0.005  n  A'aO/f.— Prepared  daily  by  dilution  of  0.1  n  NaOH 

with  COj-free  H2O. 

Indicators.— Methyl  red  and  phe7iol  red.  0.4  per  cent  solutions  are  pre- 
pared according  to  Clark  (17)  by  dissolving  0.1  gm.  in  7.4  and  5.7  cc, 
respectively,  of  0.05  n  NaOH  and  diluting  to  25  cc.  For  use  in  this  method, 
these  solutions  are  diluted  with  9  volumes  of  water. 

Thymolphthalcin.—\  1  per  cent  solution  in  alcohol,  to  which  there  is 
added  enough  NaOH  to  give  a  slight  blue  color. 

Nitron.— A  filtered  1  per  cent  solution  in  10  per  cent  acetic  acid.  Recovery 
of  excess  nitron  from  the  filtrates.  These  are  evaporated  to  small  volume, 
cooled,  and  made  strongly  alkaline  with  ammonia.  The  nitron  separates 
out,  is  filtered,  washed  with  a  little  water,  air-dried,  and  is  then  ready  for 
use. 

Tilanous  Chloride.^— To  70  cc.  of  commercial 20  per  cent  TiClj,  add  140  cc. 
of  concentrated  HCl,  heat  to  boiling  for  1  minute,  cool,  and  dilute  to  2,000 
cc.  with  water  that  has  been  boiled  and  cooled  under  carbon  dioxide. 

Ferric  Ammoniurn  Sulfate.'— Mix  50  cc.  of  concentrated  H»SOj  with 
2,000  cc.  of  H2O,  heat  to  boiling,  cool  under  CO2,  and  use  to  dissolve  48.4 
gm.  of  Fe2  (804)3.  (NH,)2  SO4.24  H,0. 

A' i/jCA'^.^— Dissolve  100  gm.  in  air-free  water  and  dilute  to  1,000  cc. 

The  TiCls,  Fej  (804)3,  and  NH4CNS  are  kept  in  bottles  to  which 
there  are  attached  burettes  and  hydrogen  generators  as  shown  in 
Fig.  1. 

SUMMARY. 

A  method  based  upon  a  new  principle,  for  the  determination 
of  the  titratable  alkah  of  the  blood  is  described.  The  results  are 
unaffected  by  the  presence  of  small  amounts  of  oxalate  or  by  the 
degree  of  satm-ation  of  the  blood  with  oxygen  or  with  carbon  diox- 

^  For  use  with  the  volumetric  method  only. 
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ide.  Several  indicators  may  be  used  in  the  same  sample.  With 
phenol  red,  the  end-point  is  approximately  at  the  reaction  of 
human  blood  and  the  value  then  obtained  represents  the  amount 


Fig.  1. 

of  alkali  previously  combined  with  the  carbonic  acid  and  protein 
of  the  blood.  For  nonnal  human  blood,  this  is  the  equivalent  of 
approximately  38  cc.  of  0.1  n  NaOH  per  100  cc.  of  blood.  By  a 
suitable   choice  of  indicators,   the   value  of  the   "acid-soluble" 
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buffers  may  be  determined.  This  is  about  11  cc.  of  0.1  n  NaOH 
per  100  cc.  of  blood  between  the  end-points  for  methyl  red 
(pH  6.0)  and  thymolphthalein  (pH  9.0).  The  error  in  the  method 
is  ±  1  per  cent  with  5.cc.  of  blood,  ±  2  per  cent  with  1.6  cc.  of 
blood,  and  ±  4  per  cent  with  from  0.3  to  0.5  cc.  of  blood.  These 
figures  apply  to  the  titration  with  methyl  red.  They  are  slightly 
gi-eater  to  other  indicators  and  with  the  very  small  quantities  of 
blood  only  methyl  red  was  found  suitable. 
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(Received  for  publication,  July  27,  1922.) 
INTRODUCTION. 

In  the  past  few  years,  there  have  been  a  number  of  observations 
reported  from  whi  ch  it  has  been  concluded  that  a  too  alkaline  condi- 
tion of  the  blood  and,  consequently,  of  other  tissue  fluids  resulted 
in  electrical  hyperexcitability,  tetany,  etc.  This  too  alkaline 
condition  could  be  a  result  of  parathyroidectomy,  intravenous 
administration  of  sodium  bicarbonate,  forced  breathing,  persis- 
tent vomiting,  gastric  fistula,  etc.  This  conception  has  probably 
found  its  most  explicit  expression  in  the  discussion  of  "the  normal 
and  abnormal  variations  in  the  acid-base  balance  of  the  blood" 
by  Van  Slyke  (1)  in  which  it  is  definitely  stated  that  a  hydrogen 
ion  concentration  of  pH  7.9,  whether  caused  by  an  uncompensated 
CO2  deficit  or  by  an  uncompensated  alkali  excess,  induces  tetany. 

Tetany  after  Parathyroidectomy. 

The  idea  that  "alkalosis"  and  tetany  are  related  seems  to  have 
had  its  origin  in  the  work  of  Wilson  and  his  collaborators  (2, 
3,  4),  who  found  that  injection  of  hydrochloric  acid  relieved  the 
tetany  of  parathyroidectomdzed  dogs,  and  that  after  parathyroi- 
dectomy "there  is  usually  a  sudden  diminution  in  the  excretion 
of  acids  and  ammonia  and  a  decrease  in  the  ammonia  ratio  and 
the  hydrogen  ion  concentration  of  the  urine,"  and  an  increase 
in  the  value  of  K  in  Barcroft's  equation  for  the  relation  between 

*  A  preliminary  report  appeared  in  the  Troceedings  of  the  Society  for 
Experimental  Biology  and  Medicine  (Greenwald,  I.,  Proc.  Soc.  Exp.  Biol, 
and  Med.,  1920-21,  xviii,  228). 
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the  percentage  satmation  of  the  blood  with  oxj^gen  and  the  tension 
of  oxygen  with  which  it  is  in  equiUbriura,  which  increase  they  in- 
terpreted as  an  indication  of  an  increased  alkalinity  of  the  blood. 

That  injections  of  acid  relieve  tetany  is  not  of  special  signifi- 
cance. So  do  injections  of  calcium,  magnesium  (5),  strontium, 
and  barium  (6)  salts,  or  potassium  or  sodium  chloride  (7).  More- 
over, such  relief  is  frequently  spontaneous. 

The  changes  in  the  urine  reported  by  Wilson,  Stearns,  and 
Janney  (4)  are  sufficiently  readily  explained  by  the  observations 
published  in  1911  and  1913  by  the  present  writer  (8,  9).  It  was 
then  found  that,  immediately  after  parathyroidectomy  in  dogs, 
there  was  a  very  marked  retention  of  phosphorus,  the  amount  in 
the  urine  falling  to  as  little  as  2  per  cent  of  its  former  value,  and 
that  this  retention  was  primaiy  and  was  followed,  only  after  1  or 
2  daj's,  by  a  retention  of  sodiimi  and  potassium.  Ob\dously, 
the  acidity  of  the  urine  should  diminish  unless  the  failure  of  ex- 
cretion of  the  phosphoric  acid  was  compensated  for  by  the  sudden 
appearance  of  large  quantities  of  some  other  acid.  And  this 
diminished  acidity  should  not  have  been  regarded  as  a  sign  of 
"alkalosis"  but  as  evidence  of  acidosis.  The  retention  of  phos- 
phoric acid  was  demonstrated  by  the  present  writer  (10)  to  be 
accompanied  by  an  increased  concentration  of  phosphoric  acid, 
or  similar  compoimd,  in  the  Ijlood.  A  considerable  amount  of 
alkali  would  be  required  to  neutralize  this.  An  increased  forma- 
tion of  guanidines  has  since  been  reported  bj'  Paton  and  his  co- 
workers (11),  but  they  have  not  claimed  to  have  found  anything 
like  the  quantity  required  to  neutralize  the  phosphoric  acid  re- 
tained, to  say  nothing  of  securing  an  increased  alkalinity. 

The  changes  in  the  blood  reported  by  Wilson,  Stearns,  and  Thur- 
low  (3)  merit  fuller  consideration.  Since  they  worked  at  zero 
CO2  tension,  their  results  on  the  oxygen  saturation  of  the  blood 
could  not  demonstrate  a  change  in  the  reaction  of  the  circulating 
blood  but  only  in  what  has  since  been  called  "alkaline  reserve'" 
or,  better,  C02-combining  power.  There  maj'  or  may  not  have 
been  an  actual  change  in  reaction.  Their  own  results  A\ith  a  dialy- 
sis indicator  method  (12)  showed  that  there  was  no  demonstrable 
change  in  the  reaction.  Th(^-e  was  a  change  in  the  reaction  of  the 
dialysate  obtained  after  shaking  out  "the  excess  of  carbon  dioxide" 
which  might  indicate  an  increased  C02-coinbining  power. 


I.  Greenwald  287 

From  his  work  on  human  blood,  Barcroft  (13)   derived  the 

formula  -^ as  an  expression  for  the  relation  between 

100  l-Kx" 
the  pressure  of  oxygen,  in  miUimeters  of  mercury  (x),  with  which 
the  blood  was  in  equilibrium  and  its  percentage  saturation  with 
oxygen  {ij).  Barcroft  found  that  (n)  had  the  value  2.5.  (This 
has  recently  been  changed  by  Hill  (14)  to  2.2.)  The  value  of 
(K)  varied  with  the  natm-e  of  the  blood  and  was  particularly 
markedly  affected  by  the  reaction,  becoming  greater  as  the 
alkalinity  was  increased. 

In  their  calculations,  Wilson,  Stearns,  and  Thurlow  used  the 
same  value  for  (n)  for  dog  blood  as  Barcroft  had  for  human  blood. 
But  calculations  from  their  own  results  show  that,  under  the  con- 
ditions they  employed,  the  value  of  {n)  was  not  2.5,  but  approxi- 
mately 1.5.  Only  then  does  the  value  of  {K)  for  the  normal  dog 
blood  approach  constancy  (17  X  10-'  to  27  X  10-').  But  if 
this  value  for  (n)  be  used  in  calculations  from  the  data  obtained 
with  parathyroidectomized  dogs,  it  is  found  that  only  rarely  is 
the  value  of  (K)  thus  obtained  much  greater  than  the  normal  for 
that  animal  or  outside  the  normal  range. 

The  significance  of  the  few  changes  in  the  value  of  {K)  as  remain 
when  the  correct  value  of  («)  is  used  is  obscure.  Barcroft  found 
the  value  of  (n)  for  hemoglobin  in  NaCl  solution  to  be  1.778,  in 
KCl  solution,  2.49.  Even  a  shght  decrease  in  the  value  of  (n) 
would  greatly  increase  the  apparent  value  of  (K)  and  it  seems 
quite  possible  that  the  change  in  the  concentration  of  calcium  or  of 
phosphorus  in  the  blood  should  have  been  responsible  for  the 
apparent  increase  in  the  value  of  iK). 

The  effect  on  the  reaction  of  the  dialysate  of  the  blood  shaken 
to  remove  "excess  of  carbon  dioxide"  must  have  been  due  to  other 
causes  than  an  increased  C02-combining  power  because  such 
cliange  could  hardly  fail  of  detection  by  its  effect  on  the  value  of 
(K);  vmless,  indeed,  it  were  masked  by  a  simultaneous  increase 
in  the  value  of  {n).  It  is  possible  that  the  change  in  the  calcium 
and  phosphorus  of  the  blood,  by  changing  the  error  in  the  dialy- 
sis indicator  method  due  to  the  Donnan  equilibrium,  should  have 
been  responsible  for  the  apparently  increased  COa-combining 
power. 
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There  would  seem  to  be,  therefore,  nothing  in  the  work  of 
Wilson  and  his  associates  that  is  really  indicative  of  a  relation 
between  alkalosis  and  tetany.  But  the  hypothesis  seems  to  have 
been  an  attractive  one  and  even  the  work  of  Hastings  and  Murray 
(15)  and  of  Underbill  and  Nellans  (16),  which  has  conclusively 
shown  that  there  is,  after  parathjToidectomy,  no  change  either 
in  alkalinity  or  in  C02-combining  power,  has  not  caused  it  to  be 
abandoned. 

Tetany  after  Administration  of  Alkalies. 

It  is,  of  course,  possible  that  other  types  of  tetany,  such  as 
those  occurring  after  persistent  vomiting,  hyperpnea,  or  injection 
of  alkalies,  are  due  to  alkalosis,  even  if  the  tetany  of  parathy- 
roidectomized  dogs  is  not.  However,  no  such  effect  following  the 
administration  of  alkalies  is  mentioned  by  Hougardy  (17)  or  by 
Scott  (18).  The  former  used  sodium  hydroxide  and  observed  the 
occurrence  of  apnea,  which  was  more  marked,  or  obtained  with 
smaller  doses,  if  the  injection  was  made  into  the  carotid  artery 
towards  the  head  than  if  it  was  made  into  a  vein  and  was  least 
pronounced,  or  required  the  largest  dose,  when  the  injection  was 
made  through  a  sound  inserted  through  the  carotid  arterj'^  into 
the  aorta.  Sodium  carbonate  and  calcium  hydroxide  produced 
similar  effects  but  in  none  of  his  protocols  did  Hougardy  mention 
the  appearance  of  tetany. 

Scott  injected  sodium  carbonate  into  decerebrate  cats  and  ob- 
tained considerable  increases  in  C02-combimng  power  and  in 
alkalinity  of  the  blood,  as  measured  by  a  dialysis  indicator  method. 
However,  in  the  course  of  the  work  to  be  presented  in  this  paper, 
not  quite  such  gi-eat  changes  were  obtained  by  a  more  accurate 
method,  even  after  the  injection  of  much  larger  quantities  of 
sodium  carbonate.  Therefore,  it  seems  quite  likely  that  the  mag- 
nitude of  the  changes  observed  by  Scott  was  due,  in  part,  to  a 
greater  escape  of  carbon  dioxide  from  the  specimens  which  were 
under  a  high  COo  tension  than  from  those  collected  under  norma! 
conditions.  Even  if  Scott's  data  are  absolutely  correct,  they  onlj' 
show  that  the  reaction  of  the  blood  of  decerebrate  cats  may  bo 
changed  from  a  normal  of  pH  7.3  to  7.4  to  pH  7.7  to  7.8  without 
the  appearance  of  tetany,  for  it  is  scarcely  conceivable  that  such  an 
occurrence  could  have  escaped  his  observation  and  description. 
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However,  it  may  be  objected  that  the  removal  of  the  cerebrum 
prevented  the  appearance  of  tetany. 

Although  experimental  e\-idence  was  lacking,  it  was  assumed  by 
some  that  the  tetany  that  sometimes  appeared  after  the  thera^ 
peutic  administration  of  sodium  bicarbonate  was  due  to  alkalosis. 
Palmer  and  Van  Slyke  (19)  advised  great  caution  in  the  use  of 
sodium  bicarbonate  and  regarded  a  plasma  C02-combining  power 
of  80  per  cent  as  dangerous.  At  the  most,  this  could  mean  only 
a  slight  change  in  actual  hydrogen  ion  concentration.  Assimiing 
that  the  alveolar  CO2  tension  remained  at  40  mm.,  there  would 
be  2.84  per  cent  free  carbon  dioxide  in  the  plasma.  From  Hassel- 
balch's  formula,  this  would  mean  a  pH  of  7.55,  if  the  C02-combin- 
ing  power  were  80  per  cent;  if  the  pH  is  assumed  to  be  constant  at 
7.4,  the  80  volumes  per  cent  of  bound  carbon  dio.xide  would  re- 
quire a  free  carbon  dioxide  content  of  5.9  per  cent,  equivalent  to 
an  alveolar  CO2  tension  of  83  mm.  Neither  of  these  adjustments 
should  be  so  readily  assumed  to  be  outside  the  capacity  of  the 
organism,  particularly  since  both  are  probably  operative  and, 
consequently,  neither  need  be  fully  exercised. 

It  is  interesting  to  observe  that  the  cases  of  tetany  that  have 
been  reported  to  have  occurred  after  the  therapeutic  adminis- 
tration of  sodium  bicarbonate  (20  to  23)  were  all  in  individuals 
in  whom  renal  deficiency  was  known  to  exist  or  was  quite  probable. 
If  the  kidneys  cannot  excrete  the  excess  alkali,  it  is  retained.  But 
there  is  little  or  no  increase  in  alkahnity  for  there  is  a  retention 
of  carbon  dioxide  that  keeps  the  reaction  normal,  or  nearly  so. 
In  no  case  of  tetany  follomng  the  administration  of  sodium  bicar- 
bonate has  a  change  in  the  reaction  of  the  blood  been  demonstrated. 

In  order  to  obtain  some  definite  knowledge  regarding  the  possi- 
bility of  producing  either  a  change  in  the  reaction  of  the  blood  or 
tetany,  or  both,  by  the  injection  of  sodium  bicarbonate  or  carbon- 
ate, a  niunber  of  experiments  were  performed  upon  dogs.  The 
results  embodied  in  a  prehminarj^  report  made  in  1921,  showed, 
that  huge  amounts  of  sodium  bicarbonate  were  required  to 
produce  tetany  and  that  there  was,  at  the  most,  only  a  slight 
change  in  the  reaction  of  the  blood.  Unfortunately,  zinc  sul- 
fate was  used  as  the  anticoagulant  and  this  made  all  the  values 
for  the  pH  too  low.  The  same  amount  of  zinc  sulfate  was  used 
in  each  case  and  should,  theoretically,  have  produced  a  greater 
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change  in  pH  in  normal  blood  than  in  that  obtained  after  admin- 
istration of  sodium  bicarbonate.  However,  there  remained  some 
doubt  as  to  the  significance  of  the  results. 

The  experiments  were  repeated  several  times  with  improved 
technique  and  with  the  same  results.  Too  rapid  injection  of  either 
sodium  carbonate  or  bicarbonate  was  followed  by  apnea,  w^hich 
might  be  fatal.  If  this  were  avoided,  there  was  no  marked  effect 
except  an  increased  heart  rate  until  very  large  amounts  had  been 
injected  and  until  the  bicarbonate  content  of  the  plasma  had 
reached  a  very  high  level,  over  120  volumes  per  cent.  The  re- 
action of  the  plasma  of  the  arterial  blood  was  determined  by  Cul- 
len's  method  (24)  and  was  found  to  have  changed  only  slightly, 
not  more  than  0.23  on  the  pH  scale.  As  the  injection  was  con- 
tinued, twitching  and  tremor  and,  finally  tonic-clonic  convulsions 
appeared.  Blood  taken  from  the  arteiy  as  soon  as  possible  after 
the  appearance  of  the  convulsions  showed  that  there  had  been 
no  further  change  in  the  reaction  of  the  blood.  As  the  convul- 
sions continued,  the  reaction  of  the  blood  became  less  and  less 
alkaline,  the  concentration  of  total  carbon  dioxide  in  the  plasma 
fell  rapidly,  until  samples  of  blood  taken  shortly  before  the  animal 
died  showed  a  condition  of  acidosis,  and  not  alkalosis,  to  obtain. 
In  one  experiment  (Table  III),  the  pH  of  the  plasma  changed  from 
7.56  before  the  injection  of  sodium  carbonate  was  begun  to  7.G9 
just  before  the  convulsions  appeared,  and  then  rapidly  fell 
to  7.04  just  before  death.  The  corresponding  figures  for  the  car- 
bon dioxide  content  were  62.4,  171,  and  54.1  volumes  per  cent  and 
for  the  bicarbonate  carbon  dioxide  were  60.4,  167,  and  48.2  volumes 
per  cent.  The  results  obtained  in  the  determination  of  titratable 
alkali  by  the  method  of  Greenwald  and  Lawman  (25),  which 
measures  essentially  the  amount  of  base  combined  with  'HCO3 
and  with  protein  in  the  blood,  were  very  similar,  the  titrations 
to  phenol  red  changing  from  41.7  to  77.3,  and  then  to  28.6  cc.  of 
0.1  N  NaOH  per  100  cc.  of  blood. 

The  relative  constancy  oi  the  reaction  of  the  plasma,  in  spite  of 
the  great  increase  in  bicarbonate  content,  could  be  secured  only 
by  a  i-etention  of  free  carbon  dioxide.  No  determinations  of  the 
alveolar  carbon  dioxide  tension  were  made  but  calculations  from 
the  total  carbon  dioxide  and  pH  of  the  plasma  indicate  that, 
when  the  bicarbonate  content  of  the  plasma  was  at  its  highest. 
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the  alveolar  carbon  dioxide  tension  was  about  60  mm.  of  morcuiy. 
After  the  animal  went  into  con\'ulsions,  large  amounts  of  carbonic, 
lactic,  and,  probably,  other  acids  were  fonned  and  the  calculated 
carbon  dioxide  tension  rose  to  as  much  as  100  mm. 

TABLE  I. 

Dog  8.    Female  mongrel.    Weight  15  kilos.    Used  5.01  per  cent  NaHCO.. 
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Remarks. 

Nov.  18,  i921. 
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Ph 
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per 
cent 

10.00 

43.7 

36.8 

47.9 

52.4 

10.02 

120 

15 

Washed  bladder. 

10.07-10.11 

75 

75 

10.14 

51.5 

44.3 

45.1 

77.2 

10.15-10.19 

75 

150 

10.21 

120 

20 

10.24 

57.7 

51.5 

44.6 

95.2 

10.25-10.33 

150 

300 

10.34 

240 

20 

10.36 

70.5 

64.0 

40.0 

123 

10.37-10.45 

150 

450 

10.48 

270 

21 

76.9 

69.9 

40.9 

136 

10.51-11.05 

225 

675 

11.08  ' 

225 

32 

83.5 

78.8 

38.2 

154 

11.09-11.18 

150 

825 

11.15-11.24 

Twitching,  increasing, 
to  convulsions. 

11.25 

68.0 

61.0 

37.2 

132 

Convulsions. 

11.30 

57.9 

48.0 

37.6 

104 

it 

11.35 

51.5 

38.8 

77.2 

It 

11.44 

43.0 

27.5 

39.1 

61.6 

It 

11.46 

• 

Respiration  ceased. 

Urine.  Volume  485  cc.  titrated  as  0. 1865  n  alkali,  after  removing  CO3. 
Contained  2.16  gm.  of  sodium,  0.349  gm.  of  potassium,  0.537  gm.  of 
chlorine,  and  0.0112  gm.  of  phosphorus. 

Injected 11.30  gm.  of  sodium  or  0.754  gm.  per  kilo. 

Excreted 2.16   >"     " 

Retained  in  bodj' 9.14    "     "        "       or  0.609  gm.  per  kilo. 
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It  is  of  interest  to  notice  that  the  concentration  of  lactic  acid 
in  the  blood  was  increased  before  the  tetany  was  obsei-ved.  That 
the  administration  of  qlkalies  increases  the  amount  of  lactic  acid 
in  the  urine  has  been  reported  by  Maclcod  and  Knapp  (26). 

Examination  of  the  values  obtained  in  the  determination  of 
what  Greenwald  and  Lewman  (25)  have  called  titratable  alkali, 
using  different  indicators,  discloses  some  interesting  relations.  In 
Experiment  13  (Table  III),  the  normal  values  were  47.3,  41.7,  and 
35.8  cc.  of  0.1  Nalkali  per  100  cc.  of  blood,  to  methyl  red,  phenol  red, 
and  thjTBolphthalein,  respectively.  Just  before  death,  they  were 
34.9,  28.6,  and  12.6.  The  difference  between  the  titration  to 
methyl  red  (pH  6.0)  and  that  to  phenol  red  (pH  7.4)  was  little 
changed  but  that  between  the  latter  and  the  titration  to  thjnmol- 
phthalein  (pH  9.0)  was  gi'eatly  increased.  This  could  not  have 
been  due  to  the  lactic  acid  because  this  is  quantitativclj^  titrated 
with  methyl  red.  Since  the  disturbance  is  entirely  on  the  alkaline 
side  of  the  phenol  red  end-point,  it  must  have  been  due  to  the 
presence  of  weak  bases  or  to  acids  having  a  dissociation  constant 
lower  than  that  of  the  second  hydrogen  ion  of  phosphoric  acid, 
which  gives  a  symmetrical  curve.  Since  the  excretion  into  the 
urine  during  the  convulsions  is  neghgible  the  presence  of  some  other 
acid  is  also  indicated  by  the  fact  that  the  increase  in  the  concen- 
tration of  lactic  acid  in  the  blood  is  not  sufficient  to  account  for 
the  observed  fall  in  the  titratable  alkah.  Both  blood  and  urine 
were  examined  for  /3-hydroxj'butj^ric  acid  and  the  latter  for  aceto- 
acetic  acid,  also.  Neither  was  found  in  amounts  at  all  compar- 
able with  those  required  to  account  for  that  part  of  the  fall  in  blood 
alkali  which  was  not  due  to  the  increased  concentration  of  lactic 
acid.     The  nature  of  the  substance  remains  imkno-mi. 

The  tetany  and  convulsions  follomng  the  injection  of  sodium 
carbonate  are  evidently  not  due  to  alkalosis.  To  what  may  they 
be  ascribed?  Examination  of  Table  IV  leaves  little  doubt.  When 
convulsions  appear  after  the  injection  of  sodiimi  carbonate  or 
bicarbonate,  the  concentration  of  sodium  in  the  plasma  is  the 
same  as  when  convulsions  appear  after  the  injection  of  sodium 
chloride  or  sulfate.  AH  sodium  salts  injected  in  large  excess  are 
toxic  and,  apparently,  several  of  them  are  about  equally  toxic.  In 
each  case,  there  is  produced  a  sudden  and  marked  disturbance 
of  the  relation  between  sodium  ion  and  other  cations.     Osmotic 


TABLE  IV. 

Comparison  of  Toxicity  of  Several  Sodium  Salts. 
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Remarks. 
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NaCl 
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3.832 

3.408 

Twitching. 

13.7 

33 

1.455 

1.302 

3.493 

Convulsions. 

VI* 

fNa,HP04 
(NaH.POi 

8.73 

31 

0.702 

3.621 

3.451 

Respiratory  failure, 
no  twitching. 

VII* 

NajSOi 

5.84 
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1.285 

0.822 

0.480 

Twitching. 

1 

NaHCOs 

21.8 

38 

0.694 
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0.442 

tt 
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NallCOs 
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40 
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Convulsions,  in 
spite  of  use  of  45 
mg.  K,  32  mg.  Ca, 
and  6  mg.  Mg  per 
kilo  injected  into 
another  vein. 
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NaHCOs 
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*  See  Greenwald  (27). 
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pressure  plays  a  part  and  the  nature  of  the  anion  is  not  \\ithout 
significance.  It  must  be  remembered  that  it  is  not  the  concen- 
tration of  sodium  in  the  plasma  that  is,  in  itself,  significant  but 
that  it  is  the  concentration  in  certain  cells  or  at  their  boundaries 
that  determines  the  effects  obtained.  The  toxic  action  may  de- 
pend upon  the  ability  of  the  sodiimi  ion  to  penetrate  the  cell  and 
thus  upset  the  ionic  equilibrium  therein  or  it  may  depend  upon  its 
being  unable  to  penetrate,  while  combined  mth  an  anion  that  does 
and  in  that  manner  damaging  the  ceU  by  \'irtue  of  the  electrical 
disturbance  thus  produced  at  the  surface.  But  whatever  the 
precise  mechanism  may  be,  there  seems  to  be  little  doubt  but 
that  the  convulsions  following  the  injection  of  sodium  carbonate 
are  due  to  what  the  author  (27)  has  called  "sodium  poisoning," 
a  disturbance,  due  to  excess  of  sodium  ion,  of  the  normal  relations 
between  this  and  other  cations. 

Gastric  Tetany. 

There  remain  to  be  considered  two  types  of  tetany,  both  of 
which  appear  to  be  due  to  a  loss  of  acid  from  the  bodj'.  These 
are  gastric  tetany  and  the  tetany  of  hyperpnea.  The  former  of 
these  occurs  after  persistent  vomiting  or  excessive  gastric  lavage 
which  involve  the  loss  of  considerable  amounts  of  hydrochloric 
acid.  It  is  not  surprising  to  find  an  increase  in  the  COs-combining 
power  of  the  plasma.  But  there  is  no,  or  very  little,  change  in  the 
reaction  (28).  What  happens  is  merely  an  exaggeration  of  what 
happens  after  every  meal.  There  is  a  secretion  of  hj'drochloric 
acid  into  the  stomach  and  the  loss  of  this  acid  from  the  blood  is 
compensated  for,  in  part,  by  the  excretion  of  a  more  alkaline 
urine,  and  in  part,  by  a  retention  of  carbon  dioxide.  The  process 
cannot  be  continued  indefinitely  unless  the  hydrochloric  acid  is 
later  reabsorbed.  If  it  is  not,  tetany  and  collapse  occur  sooner 
or  later.  But  these  are  not  due  to  alkalosis  but  to  the  marked 
disturbance  in  ionic  equilibrium  brought  about  by  the  loss  of  so 
much  chlorine.  That  ammonium  cliloride  should  reheve  gastric 
tetanj'  is  not  surprising  (29).  It  supplies  the  missing  chlor-ion, 
combined  ^\ith  a  base  that  is  readily  converted  into  a  neutral 
substance,  and  thus  restores  the  ionic  equilibrium. 

Tetany  and  con'sailsions  are  not  due  to  any  single  cause.  Any 
one  of  a  multitude  of  disturbances  in  the  equilibrium  \^-ithin 
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certain  tissues  may  be  responsible.  Conviilsions  are  to  be  re- 
garded as  a  sign  of  approaching  or  partial  disintegration  of  the 
neuromuscular  apparatus.  The  defect  may  occur  in  any  one  of 
several  structures  and  may  be  due  to  any  one  of  many  causes. 

Tetany  Following  Hyperpnea. 

Collip  and  Backus  (30)  observed  tetany  in  a  few  of  fifteen 
individuals  who  subjected  themselves  to  voluntary  forced  breath- 
ing. The  C02-combining  power  of  the  plasma  and  the  CO2 
tension  of  the  alveolar  air  were  determined  before,  immediately 
after,  and  at  intervals  after,  the  period  of  hyperpnea.  Neither 
the  reaction  nor  the  total  carbon  dioxide  of  the  plasma  were  de- 
termined but  the  ratio  of  free  to  combined  carbon  dioxide  in  the 
plasma  was  calculated  upon  the  assumption  that  the  alveolar  air 
was  in  equilibrium  vdth  the  plasma.  The  author  has  calculated 
from  this  ratio,  assuming  the  value  of  6.1  for  pKi  in  Hasselbalch's 
equation,  the  pH  of  the  plasma,  which  appears  to  have  been 
changed,  by  the  forced  respiration,  by  from  0.13  to  0.39,  the  aver- 
age being  0.24.  The  maximum  value  of  pH  calculated  is  7.S2. 
The  actual  change  may  have  been  even  less  for,  after  a  period  of 
hyperpnea,  the  usual  period  of  contact  may  not  be  sufficient  to 
bring  the  alveolar  air  into  equilibriiun  with  the  blood.  However, 
there  must  have  been  some  change  for  the  character  of  the  urine 
changed,  becoming  more  alkaline  in  spite  of  the  diminished  ex- 
cretion of  ammonia  and  increased  excretion  of  phosphates. 

Grant  and  Goldman  (31)  performed  a  smaller  series  of  similar 
experiments.  They  determined  the  pH  by  a  dialysis  indicator 
method  and  found,  in  five  experiments,  a  change  of  from  0.05 
to  0.25,  the  average  being  0.16.     The  highest  value  of  pH  observed 

was  7.65. 

Collip  and  Backus  and  Grant  and  Goldman  accepted  this 
change  in  reaction  as  an  explanation  of  the  tetany  observed.  In 
a  subsequent  publication,  in  which  he  dealt  with  the  effects  of 
the  subarachnoid  and  intraarterial  injection  of  sodiimi  bicarbonate 
and  other  electroljies,  Collip  (32)  emphasized  the  disturbance  in 
th(>  cation  equilibrium,  although  he  also  ascribed  a  specific  stimu- 
lating effect  of  the  bicarbonate  anion. 

It  is  interesting  to  contrast  the  attitude  of  British  investigators 
with  that  of  the  Americans. 
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Davies,  Haldane,  and  Kennaway  (33)  observed  tetany-like 
symptoms  after  forced  breathing  and  they  recognized  that  there 
was  probably  a  slight  change  in  the  reaction  of  the  blood.  How- 
ever, they  recognized  that  this  was  not,  in  itself,  the  cause  of  the 
tetany.    They  stated : 

"There  would  however  have  been  comparatively  little  alkalosis  in  the 
tissues,  as  Yandell  Henderson  has  shown  in  numerous  papers  on  acapnia 
and  shock  that  forced  breathing  decreases  the  peripheral  circulation. 
The  bad  effects  noticed  by  us  were  relieved  by  inhalation  of  oxygen  and 
were  presumably  due  partlj'  to  increased  stability  of  o.xyhxmoglobin, 
partly  to  vaso-constriction." 

Hyperpnea  induced  by  hot  baths  was  found  by  Bazett  and 
Haldane  (34)  to  produce  tetany-like  symptoms, 

"which  were  relieved  by  breathing  mixtures  containing  either  S.5  p.  c. 
CO2  with  14.2  p.  c.  O2,  or  equal  volumes  of  air  and  O2.  They  were  there- 
fore probably  due  to  oxygen  want  in  the  tissues  caused  by  over-stability 
of  oxyha;moglobin  resulting  from  acapnia,  as  in  voluntary  forced 
breathing." 

This  view  is  made  more  probable  by  the  work  of  IMorris  (35), 
who  found  that  a  number  of  manipulations,  which  had  in  common, 
apparently,  only  the  fact  that  they  all  produced  anoxemia  in  the 
tissues,  all  increased  the  electrical  excitability  of  the  neuromyon. 

In  fact,  all  these  observations  were  clearly  foreshadowed  by 
the  work  of  Hill  and  Flack  (36),  who  wrote  in  1910: 

"The  inhalation  of  oxygen  lessens  the  discomfort  of  forced  breathing. 
It  enables  young  men  with  a  great  power  of  pulmonary  ventilation  to  go 
on  with  forced  breathing  for  as  long  as  19  minutes,  and  to  wash  the  CO2 
out  of  the  body  till  the  alveolar  tension  sinks  to  as  low  as  1.47%." 

The  lowest  alveolar  CO2  content  observed  by  Collip  and  Backus 
was  2.1  per  cent  and  the  average,  after  hyperpnea,  was  2.9.  The 
corresponding  figures  in  the  experiments  of  Grant  and  Goldman 
were  2.47  and  2.76,  respectively.  But  Hill  and  Flack  were  able 
to  lower  it  to  1.47  per  cent  without  the  appearance  of  tetany, 
because  there  was  no  anoxemia. 

Paradoxical  as  it  may  seem,  there  can  be  Uttle  doubt  but  that 
forced  breathing  produces  tissue  asphj'xia.  It  is  this  and  not  the 
increased  alkalinity,  per  se,  that  induces  tetanj'. 
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It  would  appear  that  as  long  as  life  exists  at  all  the  reaction 
of  the  blood  can  be  changed  only  to  a  veiy  slight  degree.  Such 
changes  as  do  occur  seem  to  affect,  directly,  only  the  respiration. 
It  is  the  respiratory  center  that  is,  next  to  the  buffer  properties  of 
the  blood  itself,  the  immediately  active  regulator  of  the  reaction  of 
the  blood.  The  kidneys  act  more  slowly.  The  respiratory  center 
can  be  set  aside,  as  in  forced  respiration,  or  given  too  great  a 
task,  as  in  intravenous  administration  of  acid  or  of  alkali,  but, 
ordinarily,  it  functions  quickly  and  adequately  and  maintains 
the  reaction  of  the  blood  at  a  nearly  constant  value. 

EXPERIMENTAL. 

After  a  fast  of  1  or  2  days,  the  dog  was  catheterized  and,  under 
cocaine  anesthesia,  the  femoral  arteiy  of  one  side  and  the  vein  of 
the  other  were  exposed  and  attached  to  cannulse.  A  sample  of 
blood  was  taken  from  the  artery.  The  bladder  was  washed  with 
distilled  water  and  the  injection  of  the  solution  was  then  begun. 
In  the  earlier  experiments  (Experiments  1  to  7),  the  samples  of 
blood  were  large,  about  200  cc,  and  no  others  were  dra^Ti  until 
marked  sjTnptoms  had  developed.  In  the  later  experiments 
however,  the  samples  were  smaller,  not  exceeding  60  cc,  and  were 
collected  at  intervals,  after  running  out  about  25  cc,  to  insure 
the  collection  of  circulating  blood.  The  titratable  alkali  was 
determined  by  the  method  of  Greenwald  and  Lewman  (25)  and 
the  lactic  acid  by  a  slight  modification  of  that  of  Scott  and  Flinn 
(37).  This  unquestionably  gives  too  high  results  in  normal  blood 
because  glucose  also  jields  a  substance  reacting  with  iodine  but 
the  rise  after  the  injection  of  alkaUes  is  almost  certainly  due  to 
lactic  acid  for  almost  identical  values  were  then  obtained  when 
the  blood  was  precipitated  wth  acid  ammonium  sulfate  solution, 
the  filtrate  extracted  with  ether  in  a  continuous  ex-traction 
apparatus,  and  the  extract,  after  evaporating  off  the  ether  and 
alcohol,  used  for  the  determination. 

Some  of  the  blood  was  collected  under  paraffin,  centrifuged 
at  once,  the  cell  volume  was  read  off  and  the  plasma  used  for  the 
determination  of  hydrogen  ion  concentration,  by  Cullen's  method 
(employing  the  coiTection  0.18  to  bring  the  pH  at  20°  to  that  at 
38°),  of  total  and  bicarbonate  CO2  by  Van  Slyke's  methods,  and 
of  s'odimn.     In  the  later  experiments,  this  was  determined  by 
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Kramer's  method  but,  in  Experiments  1  to  7,  the  plasma  was 
precipitated  with  picric  acid,  the  filtrate  was  oxidized  with  sulfuric 
and  nitric  acids,  the  sulfuric  and  phosphoric  acids  were  remo-\-e(l 
wth  barium  hydroxide,  this,  in  turn,  vniii  carbon  dioxide  and, 
finally,  the  sodium  and  potassium  were  weighed  as  mixed  sulfates, 
in  which  the  potassiimi  was  determined,  gra\'imetrically,  as  the 
cobalti-nitntc  and  the  sodium  by  difference. 

The  urines  secreted  during  the  period  of  the  experiment  were 
analyzed  by  the  following  methods:  Alkalinity,  addition  of  excess 
HoSOi,  boiling  to  remove  CO2,  and  titration  with  NaOH,  using 
methyl  red  as  indicator;  chlorine,  weighing  as  AgCl;  phosphoric 
acid.  Bell  and  Doisy  (38) ;  potassium  and  sodium,  as  in  the  picric 
acid  filtrate  from  plasma;  occasionally  also  bj'  Kramer's  method: 
lactic  acid,  Scott  and  Fhnn  (37). 

It  seems  unnecessary  to  present  detailed  protocols.  Three 
typical  experiments  are  reported  in  tabular  form  and  a  table  com- 
paring the  toxicity  of  sodium  carbonate  and  bicarbonate  with  that 
of  other  sodium  salts  is  presented. 

SUMMARY. 

After  intravenous  injection  of  sodium  carbonate  or  bicarbonate 
into  dogs,  there  is  a  retention  of  carbon  dioxide  which  is  so  gi-eat 
that  the  reaction  of  the  blood  is  changed  only  shghtly.  Such 
change  as  does  occur,  may  be  produced  with  comparatively  small 
doses.  If  the  injection  is  made  sufficiently  slowly  to  avoid 
apnea  but  is  continued  for  a  sufficiently  long  period,  convulsions 
appear.  Coincidently,  the  bicarbonate  content  and  the  alkalinity 
of  the  blood  begin  to  diminish  and  this  process  continues  so  that, 
before  death  occurs,  berth  may  be  less  than  normal.  The  change 
is  due,  in  part,  to  the  increased  production  of  lactic  acid.  There 
is  some  evidence  of  the  formation  of  some  other  non-volatile  acid. 
The  production  of  lactic  acid  appears  to  be  increased  before  con- 
\a:lsions  appear  but  it  is  enormously  accelerated  thereby. 

At  the  time  convulsions  appear,  the  concentration  of  sodium 
in  the  plasma  is  the  same  as  was  observed  after  the  injection  of 
other  sodium  salts  (chloride,  sulfate,  phosphate).  The  convul- 
sions are  ascribed  to  "sodium  poisoning,"  a  disturbance,  due  to 
an  excess  of  sodiimi,  of  the  normal  equilibrium  between  sodium 
and  other  ions. 


I.  Greenwald  303 

The  e\idence  in  favor  of  a  relation  between  alkalosis  and  the 
tetany  ot  parathyroidectomized  dogs,  gastric  tetany,  and  the  tet- 
any of  hyperpnca  is  examined.  It  is  sho\Mi  that  only  in  the 
last  named  is  there  any  indication  of  a  change  in  the  reaction  of 
the  blood  and  that,  even  in  this  case,  it  is  not  the  alkalosis, 
per  se,  hut  the  tissue  anoxemia  that  results  from  the  increased 
stability  of  the  oxyhemoglobin,  that  is  the  exciting  factor. 

I  am  indebted  to  Mr.  Joseph  Gross  and  to  ^h.  Max  Meyer 
for  their  assistance  with  the  experimental  work. 

BIBLIOGRAPHY. 

1.  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1921,  xlviii,  153. 

2.  Wilson,  D.  W.,  Stearns,  T.,  and  Janney,  J.  H.,  Jr.,  J.  Biol.  Chem.,1915, 

xxi,  169. 

3.  Wilson,  D.  W.,  Stearns,  T.,  and  Thurlow,  M.  deC,  /.  Biol.  Chem.,  191o, 

xxiii,89. 

4.  Wilson,  D.  W.,  Stearns,  T.,  and  Janney,  J.  IL,  Jr.,  J.  Biol.  Chem.,  191a, 

xxiii,  123. 

5.  MacCallum,  W.  G.,  and  Voegtlin,  C,  J.  Exp.  Med.,  1909,  xi,  118. 

6.  Berkeley,  W.  N.,  and  Beebe,  S.  P.,  J.  Med.  Research,  1909,  xx,  149. 

7.  Joseph,  D.  R.,  and  Meltzer,  S.  J.,  J.  Pharmacol,  and  Exp.  Therap., 

1910-11,  ii,  361. 

8.  Greenwald,  I.,  -4m.  J.  Phy.iioL,  1911,  xxviii,  103. 

9.  Greenwald,  I.,  /.  Biol.  Chem-.,  1913,  xiv,  363. 
10.  Greemvald,  I.,  J.  Biol.  Chem.,  1913,  xiv,  369. 

11    Paton,  D.  N.,  and  Findlav,  L.,  Quart.  J.  Exp.  Physiol.,  1916,  x,  203. 

12.  Levy,  R.  L.,  Rowntree,  L.  G.,  and  Marriott,  W.  McK.,  Arch.  Int.  Med., 

1915,  xvi,  389. 

13.  Barcroft,  J.,  The  respiratory  function  of  the  blood,  Cambridge,  1914. 
14    Hill,  A.  v.,  J.  Biol.  Chem.,  1922,  li,  359. 

15.  Hastings,  A.  B.,  and  Murray,  H.  A.,  Jr.,  /.  Biol.  Chem.,  1921,  xlvi,  233. 

16.  Vnderhill,  F.  P.,  and  Nellans,  C.  T.,  /.  Biol.  Chem.,  1921,  xlviii,  557. 

17.  Hougardy,  A.,  Arch,  internat.  Physiol.,  1904,  i,  17. 
IS.  Scott,  R.'W.,  Am.  J.  Physiol.,  1918-19,  xlvii,  43. 

19.  Palmer,  W.  W.,  and  Van  Slyke,  D.  D.,  /.  Biol.  Chem.,  1917,  xxxii,  499. 

20.  Howland,  J.,  and  Marriott,  W.  :McK.,  Quart.  J.  Med.,  1917-18,  xi,  289. 

21.  Harrop,  G.  A.,  Jr.,  Bull.  Johns  Hopkins  Hasp.,  1919,  xxx,  62. 

22.  Tileston,  W.,  cited  by  Palmer  and  Van  Slyke  (19). 

23.  Healy,  W.  P.,  Am.  J.  Obst.  and  Gynecol.,  1921,  ii,  164. 

24.  Cullen,  G.  E.,  J.  Biol.  Chem.,  1922,  lii,  501. 

25.  Greenwald,  I.,  and  Lewman,  G.,  /.  Biol.  Chem.,  1922,  liv,  269. 

26.  Macleod,  J.  J.  R.,  and  Knapp,  H.  J.,  -4m.  /.  Phijsiol.,  1918-9,  xlva,  189. 

27.  Greenwald,  I.,  /.  Pharmacol,  and  Exp.  Therap.,  1918,  xi,  281. 


304      Relation  Between  Alkalosis  and  Tetany 

28.  Hastings,  A.  B.,  Murray,  C.  D.,  and  Murray,  H.  A.,  Jr.,  J.  Biol.  Chem., 
.     1921,  xlvi,  223. 

29.  IMcCann,  W.  S.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1921-22,  xix,  393. 

30.  Collip,  J.  B.,  and  Backus,  P.  L.,  Am.  J.  Physiol.,  1920,  li,  568. 

31.  Grant,  S.  B.,  and  Goldman,  A.,Ani.  J.  Physiol.,  1920-21,  lii,  209. 

32.  Collip,  J.  B.,  Am.  J.  Physiol.,  1920-21,  lii,  483. 

33.  Davies,  H.  W.,  Haldane,  J.  B.  S.,  and  Kennaway,  E.  L.,  J.  Physiol., 

1920-21,  liv,  32. 

34.  Bazett,  H.  C.,  and  Haldane,  J.  B.  S.,  J.  Physiol.,  1921,  Iv,  p.  iv. 

35.  Morris,  'N.,.Brit.  J.  Exp.  Path.,  1922,  iii,  101. 

36.  Hill,  L.,  and  Flack,  M.,  J.  Physiol.,  1910,  xl,  347. 

37.  Scott,  E.  L.,  and  Flinn,  F.  B.,  /.  Biol.  Chem..,  1922,  1,  p.  xxxii. 

38.  Bell,  R.  D.,  and  Doisy,  E.  A.,  J.  Biol.  Chem.,  1920,  xliv,  55. 

Note  Added  to  Proof. — -Tisdall  has  recently  reported'  the  results  of  some 
experiments  in  which  he  injected  sodium  phosphate  and  phosphoric  acid 
into  dogs  which  he  discusses  under  the  title  "The  influence  of  the  sodium 
ion  in  the  production  of  tetany."  According  to  Tisdall,  there  was  no 
increase  in  the  sodium  content  of  the  serum  after  the  injection  of 
Na2HP04,  although  the  inorganic  phosphorus  of  serum  w.as  increased  by  as 
much  as  26  mg.  per  100  cc,  without  any  accompanying  change  in  reaction 
or  in  COj-combining  power.  What  neutralized  the  phosphoric  acid  re- 
tained in  the  serum  is  not  evident  nor  is  there  any  satisfactory  explanation 
for  the  disappearance  of  the  sodium  injected  with  the  phosphorus.  It 
could  not  have  been  excreted  during  the  injection,  for  the  author  (27)  has 
shown  that,  during  this  period,  the  excretion  of  sodium  is  less  than  the 
amount  equivalent  to  the  phosphorus  excreted.  Possibly  the  sodium  was 
excreted  in  the  hour  between  the  close  of  the  injection  of  the  phosphate  and 
the  drawing  of  the  blood. 

Tisdall's  results  for  the  sodium  in  the  serum  do  not  agree  with  those 
obtained  by  the  author  (27)  for  sodium  in  plasma  after  injections  of  sodium 
phosphate.  In  discussing  those  experiments,  the  author  presented  the 
hypothesis  of  "sodium  poisoning,"  a  disturbance,  due  to  excess  of  sodium, 
of  the  normal  relations  between  sodium  and  other  ions,  to  explain  the  tetany 
and  convulsions  observed  after  injection  of  sodium  phosphate,  sulfate,  or 
chloride  and,  in  a  later  communication,"  the  hj'pothesis  was  extended  to 
offer  an  explanation  of  the  tetany  observed  after  injection  of  sodium  bicar- 
bonate or  after  hyperpnea,  gastric  lavage,  or  persistent  vomiting.  Tisdall 
completely  neglects  to  mention  either  of  these  papers. 

'  Tisdall,  F.  F.,  /.  Biol.  Chem.,  1922,  liv,  35. 

'  Greenwald,  I.,  Proe.  Soc.  Exp.  Biol,  and  Med.,  1920-21,  xviii,  228. 
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INTRODUCTION. 

In  a  recent  review.  Van  Slyke  (1921)  had  ably  summarized  the 
r61e  of  the  various  blood  buffers  in  the  carrjang  of  carbon  dioxide. 
However,  his  sununary  may  be  looked  upon  only  as  a  first  approxi- 
mation because  the  data  upon  which  his  calculations  are  based 
are  taken  from  a  variety  of  sources.    For  instance,  he  has  made 
use  of  the  old  determinations  of  Abderhalden  of  phosphate  in 
ox  blood  for  the  calculation  of  the  buffer  value  of  the  phosphate  of 
human  blood.     Furthermore,  since  there  were  no  suitable  data  it 
has  been  necessary  to  assume  a  normal  hemoglobin  content  for 
the  two  samples  of  human  blood  discussed.     Likewise  the  data 
of  Campbell  and  Poulton  (1920-21)  from  which  Van  Slyke  has 
calculated  the  buffer  value  of  hemoglobin  do  not  appear  to  be 
very  accurate.     Some  of  their  points  fall  on  either  side  of  the 
curve  by  a  few  volumes  per  cent.     It  is  not  surprising  then  that 
we  find  in  Van  Slyke's  paper  (p.   161)   the  following  statement: 
"...     it  must  be  confessed  that  the  data  could  hardly  be 
less  satisfactory  for  estimating  the  relative  parts  that  the  buffers 
play  in  the  total  buffer  effect  of  the  blood." 

In  view  of  the  importance  of  the  subject,  we  have  collected  the 
data  necessary  for  a  recalculation  of  the  degree  of  participation  of 
the  various  buffers  in  the  transport  of  carbon  dioxide.  This 
work  has  involved  a  study  of  the  effect  of  oxygen  unsaturation, 
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determinations  of  the  carbon  dioxide  dissociation  curves  of  oxy- 
genated and  reduced  blood,  of  separated  sera  and  of  dialyzed  hemo- 
globin to  which  bicarbonate  had  been  added  and  inorganic  phos- 
phate analyses  of  the  blood  and  serum.  The  buffer  sj-stems 
studied  are  identical  with  those  discussed  by  Van  Slyke  but  in 
one  case  our  entire  data  were  obtained  from  a  single  sample  of 
blood. 

PROCEDURE. 

The  carbon  dioxide  and  oxj^gen  analyses  were  made  by  the 
technique  described  by  Van  Slyke  and  Stadie  (1921)  and  the  phos- 
phate analyses  by  the  method  of  Bell  and  Doisy  as  modified  bj' 
Briggs  (1922).  The  gas  mixtures  were  analyzed  with  a  Hender- 
son burette.  Four  persons  trained  in  blood  gas  investigation 
carried  out  the  various  analyses. 

The  blood  which  was  drawn  from  the  cubital  vein  was  defibrin- 
ated  by  shaking  vnth  glass  beads  in  some  of  our  experiments,  and 
oxalated  in  others.  In  case  a  venous  sample  was  desired  it  was 
taken  vnth  the  usual  precautions  over  oxalate  after  the  blood  had 
been  flowing  from  the  needle  for  a  few  seconds.  In  our  three 
experiments  discussed  in  detail  in  this  paper  it  was  found  neces- 
sary to  use  a  little  stasis  near  the  end  of  collection  to  secure  a 
sufficient  quantity  of  blood.  The  blood  in  all  of  these  three  ex- 
periments was  defibrinated. 

Three  samples  of  the  blood  were  simultaneously  eqmlibrated 
at  38°  with  air  or  oxj^gen  containing  20,  40,  or  GO  mm.  of  pressure- 
of  carbon  dioxide  and  three  others  with  hydrogen  containing  ap- 
proximately the  same  tensions  of  carbon  dioxide.  Upon  comple- 
tion of  the  cciuilibration,  the  blood  was  transferred  under  oil  to- 
a  small  tube  without  having  come  in  contact  mth  any  other  gas. 
Analyses  of  CO2  and  O2  in  the  blood  and  gas  mixture  were  im- 
mediately carried  out.  The  data  so  obtained  were  utilized  to 
plot  the  curves  of  reduced  and  oxygenated  blood  of  the  three  sub- 
jects whose  bloods  were  studied. 

During  the  equilibration  of  the  blood  another  sample  of  blood 
was  centrifuged  to  obtain  separated  serum  which  was  transferred 
to  a  paraffined  tube  and  kept  at  1°C.  until  the  following  day. 
The  carbon  dioxide  absorption  curve  of  this  serum  was  determined. 
Tlic  data,  so  obtained  on  the  separated  scrum,- were  plotted  using 
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the  combined  CO2  on  the  abscissa  and  pH  on  the  ordinate.  The 
curves  (Curves  3,  4,  and  5)  are  given  in  Fig.  1.  From  such  a  chart 
it  is  easy  to  interpolate  the  change  in  combined  CO.  for  a  given 
change  of  pH.     The  curves  demonstrate  rather  clearly  the  poor 
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Fig.  1.  Curve  1,  hemoglobin  solution  from  blood  of  W.  H.  C;  Curve  2, 
hemoslobin  solution  from  blood  of  J.  M. ;  Curve  3,  separated  serum  of  J.  M. ; 
Curve  4,  separated  serum  of  E.  A.  D.;  Curve  5,  separated  serum  of  W.  H.  C. 

The  combined  COo  is  plotted  against  the  pH  calculated  from  the  Hassel- 
balch  formula.  The  work  of  Campbell  and  Poulton  indicates  that  such  a 
calculation  is  permissible  for  oxyhemoglobin  solutions  when  the  pH  is 
more  alkaline  than  the  isoelectric  point. 

buffer  value  of  the  self-possessed  serum  buffers.  It  is  obvious 
that  a  comparatively  large  decrease  of  pH  would  be  necessary  for 
a  separated  serum  to  give  up  alkali  sufficient  to  bind  2  or  3  cc. 
of  COa  which  is  the  amount  carried  in  the  blood  (E.A.D.)  showing 
least  difference  between  arterial  and  venous  states.     The  shape 
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and  slope  of  the  curves  of  the  separated  sera  of  the  blood  of  E.A.D. 
and  W.H.C.  show  a  very  pleasing  agreement.  The  curve  of  J.M. 
differs  appreciably  from  these  but  whether  this  is  a  real  difference 
or  an  error  in  the  technique  we  are  unable  to  state. 

The  cells  which  were  obtained  by  centrifuging  a  sample  of  blood 
were  washed  four  times  mth  isotonic  salt  solutions,  laked  with 
distilled  water,  and  dialyzcd  at  1°C.  under  toluene  against  many 
changes  of  distilled  water  and  then  against  water  containing  suffi- 
cient carbon  dioxide  to  give  a  pH  of  4.  After  several  days,  analyses 
of  the  hemoglobin  solution  showed  the  presence  of  only  a  trace  of 
inorganic  anions  and  cations.  The  solution  was  then  centrifuged 
at  high  speed  and  the  clear  supernatant  liquid  taken  off  with  a 
pipette  from  the  thick  aiscous  sediment.'^  Sodium-  bicarbonate 
was  added  in  sufficient  quantity  to  give  a  concentration  of  ap- 
proximately 0.03  M.  This  solution  was  equilibrated  ^ith  various 
carbon  dioxide-air  mixtures  and  then  analyzed  for  CO2.  From  the 
data  so  obtained  curves  were  plotted  with  the  combined  carbon 
dioxide  on  the  abscissa  and  the  calculated  pH  on  the  ordinate. 
The  main  point  of  uncertainty  in  this  work  was  the  calculation  of 
pH  because  of  lack  of  sufficient  reliable  data  on  the  solubility 
coefficient  of  CO2  in  hemoglobin  solutions.  In  a  single  case 
Bohr  (1909)  has  given  0.522  as  the  solubility  coefficient  of  an 
11  per  cent  solution  of  hemoglobin  and  from  this  and  the  strength 
of  our  solutions,  we  have  calculated  the  coefficient  used. 

The  hemoglobin  concentration  was  determined  gasometrically 
and  colorimetrically  (Palmer,  1918).  Data  on  the  hemoglobin 
prepared  from  the  blood  of  E.A.D.  were  discarded  because  of 
lack  of  agreement  in  the  results  of  these  two  methods.  It  is 
probable  that  some  methemoglobin  was  present  although  it  was 
not  positively  identified  spectroscopically. 

'  Cent rifug.at ion  actually  stratified  the  solution  into  three  layers;  a  thin 
upper  layer  which  was  cream-colored  and  resembled  butter  in  its  consist- 
ency ;  a  lower  layer  which  was  composed  of  solid  particles  which  were  insolu- 
ble in  water  and  dilute  alkali;  and  an  intermediate  portion  which  was  a 
clear  deep  red  solution.  The  last  named  fraction  was  separated  from  the 
other  two  and  used  for  our  work.  It  represents  neither  completely 
piirified  hemoglobin  nor  dialyzed  cell  contents,  but  we  feel  that  it  ap- 
proached the  former  pretty  closely.  It  is  possible  and  indeed  probable 
that  some  of  the  substances  of  the  two  strata  which  were  not  used  possess 
buffer  value.  In  keeping  with  this  idea  is  our  failure' to  account  for  the 
entire  100  per  cent  of  the  CO2  which  was  carried. 
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The  amount  of  hemoglobin  in  the  solution  prepared  from  blood 
of  W.H.C.  was  found  to  be  equivalent  to  18.0  cc.  and  that  from 
J  M  14.0  cc.  of  O2  per  100  cc.  We  have  taken  as  the  COo  solu- 
bility coefficient  for  the  former  0.515  and  for  the  latter  0.524. 
These  values  are  probably  slightly  incorrect,  but  we  do  not  see 
how  this  can  introduce  any  serious  error  in  our  deductions. 

Study  of  Curves  1  and  2  of  Fig.  1  shows  a  decided  difference  in 
the  capacity  of  the  two  solutions  to  furnish  base  for  combination 
^v-ith  carbonic  acid.  This  is  to  be  expected  on  the  ground  of  the 
difference  in  concentration  of  hemoglobin.  However,  if  we  take, 
for  example,  a  range  of  pH  from  7.30  to  7.20  and  correct  the 
values  to  the  same  concentration  of  hemoglobin  we  get  the  re- 
sults given  in  Table  I. 

TABLE  I. 

Buffer  Value  of  Hemoglobin. 


Volumes  per  cent  combined  CO3. 

Curve  No. 

At  pH  7.30. 

At  pH  7.20. 

Difference. 

Corrected  to  Hb 

equivalent  to  IS 

volumes  per 

cent  Os. 

1 
0 

26.3 

36.8 

30.3 
39.5 

4.0 

2.7 

4.00 
3.47 

We  can  see  no  valid  reason  for  this  discrepancy  (4.0  and  3.47 
volumes  per  cent  CO2)  but  it  may  be  pointed  out  that  the  solutions 
may  have  differed  in  their  degree  of  purity.  We  are  incUned  to 
believe  that  since  we  were  measuring  larger  differences  in  carbon 
dioxide  concentrations,  that  the  data  from  which  Curve  1  are 
constructed  are  the  more  reliable.  This  curve  was  used  in  the 
calculations  of  the  buffer  value  of  the  hemoglobin  of  W.H.C. 
and  of  E. A.D. ;  the  other  for  the  blood  of  J.M. 

Our  data,  then,  include  the  carbon  dioxide  absorption  curves 
of  oxygenated  blood  or  reduced  blood,  of  separated  serum,  of  a 
hemoglobin-bicarbonate  solution,  and  of  phosphate  analyses  of 
blood  and  scrum  upon  a  single  sample  of  blood  (J.M.).  In  the 
case  of  W.H.C,  we  have  used  data  obtained  from  a  study  of  two 
different  samples  of  his  blood.  For  E.A.D.  all  of  the  data  except 
that  of  the  dialyzed  hemoglobin  were  obtained  upon  a  single 
sample  of  his  blood. 
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In  addition  to  the  data  enumerated,  we  have  determined  the 
O2  and  CO2  content  of  one  or  more  samples  of  venous  blood  from 
each  of  these  subjects.  This  permits  us  to  deal  with  the  probable 
arterial  to  venous  change  in  the  body. 

Relation  of  Oxygen  Vnsaturation  to  Increased  Capacity  to  Bind 
Carbon  Dioxide. 

Ordinate  Correction  (Peters,  Barr,  and  Rule,  1921). — Our  first 
task  was  an  attempt  to  establish  a  little  more  accurately  the  effect 
of  oxj'gen  unsaturation  on  the  capacity  of  the  blood  to  bind 
carbon  dioxide.  As  is  already  well  known,  Christiansen,  Douglas, 
and  ITaldane  (1914)  were  the  first  to  demonstrate  clearly  that  the 
blood  in  which  the  hemoglobin  has  been  reduced  binds  more  CO2 
at  any  CO2  tension  than  when  the  hemoglobin  is  present  in  the 
oxygenated  form.  Since  their  paper,  both  Parsons  (1917)  and 
Joffe  and  Poulton  (1920-21)  have  published  work  on  oxj'genated 
and  reduced  blood.  The  quantitative  relationship  between  the 
increment  of  CO2  and  the  degree  of  oxygen  unsaturation  has 
been  discussed^  by  L.  J.  Henderson  (1921).  None  of  the  earlier 
"  workers  appear  to  have  appreciated  the  importance  of  the  quanti- 
tative relationship  and  have  not  given  sufficient  data  on  O2  de- 
termination to  permit  of  their  results  being  utiUzed  with  certainty. 

Peters,  Barr,  and  Rule  (1921)  in  attempting  an  analysis  of  this 
relationship  have  calculated  an  empirical  factor  to  correct  venous 
points  for  oxj'gen  unsaturation,  but  in  so  doing  have  been  forced 
to  assume  that  the  hemoglobin  content  of  Haldane's  and  of  Joffe's 
blood  did  not  vaiy  from  day  to  day.  By  obtaining  complete 
data  on  several  single  samples  of  blood,  we  have  attempted  to 
make  good  this  deficiency.  Most  of  the  experiments  were  carried 
out  on  oxalated  blood,  but  some  were  on  defibrinated  blood.  Con- 
trary to  the  findings  of  Haggard  and  Henderson  (1920-21)  and 
in  agreement  with  Peters,  Barr,  and  Rule  (1921),  we  find  that  the 
effect  of  oxj'gen  unsaturation  is  quantitatively  the  same  in  de- 
fibrinated and  oxalated  blood.  This  result  was  first  obtained 
on  dog  blood  and  later  substantiated  in  our  work  on  human 
blood.  Results  on  two  specimens  of  blood  from  J.M.  are  given 
in  Table  II. 

2  L.  J.  Henderson  has  very  clearly  stated  this  situation  and  called  atten- 
tion to  the  equilibrium  existing  between  the  oxygen  of  the  blood  and  the 
carbon  dioxide  of  its  plasma. 
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We  have  taken  the  hberty  of  applying  the  term  ordinate 
correction  to  the  type  of  correction  for  oxygen  imsaturation  that 
Peters,  Barr,  and  Rule  have  introduced.  This  terminology  is 
used  because  the  numerical  value  is  obtained  by  dividing  the 
difference  in  the  ordinates  (volimies  per  cent  CO2)  of  the  curves  of 
reduced  and  oxygenated  blood  by  the  oxygen  unsaturation  of 
the  hemoglobin  of  the  reduced  blood. 

The  agreement  is  not  exact,  but  we  think  that  it  is  as  good  as 
could  be  expected  due  to  the  nature  of  the  work. 

It  will  be  noted  that  our  values  for  the  correction  of  oxygen  un- 
saturation are  appreciably  lower  than  those  given  by  Peters,  Barr, 
and  Rule  (0.34).  In  Table  III,  we  have  tabulated  the  data  from 
all  our  experiments  on  human  blood  in  which  the  equilibration 
occurred  at  carbon  dioxide  tensions  which  might  exist  in  the  body. 
We  have  calculated  the  mean  value  for  the  ordinate  correction 
and  found  it  to  be  0.27. 

TABLE  II. 
Effect  of  Oxygen  Unsahiration  on  Oxalated  and  Defibrinated  Blood. 

Defibrinated  blood. 


pH  of  reduced  samples 
Ordinate  correction.  .  . 
Isohydric  ratio  .■ 


Oxalated  blood. 


7.35 
0.25 
0.42 


7.17 
0.24 
0.45 


7.36 
0.2s 
0.47 


7.21 
0.27 
0.45 


Feeling  rather  confident  that  we  could  not  have  made  so  gross 
an  error  as  indicated  by  the  difference  between  the  ratios  0.27 
and  0.34,  we  attempted  to  analyze  the  data  from  which  the  curves 
of  Joffe  and  of  Haldane  were  constructed.  We  found  that  the 
carbon  dioxide  absorption  curves  were  drawn  from  points  deter- 
mined upon  a  number  of  different  days.  In  a  few  cases  sufficient 
data  obtained  on  a  single  day  were  presented  which  perinitted  us 
to  calculate  the  difference  in  ordinates  between  an  oxygenated 
and  reduced  point.  Of  course,  we  are  making  the  possibly  un- 
justified assumption  that  the  blood  remained  unaltered  during 
the  period  of  observation  each  day.  The  values  obtained  from 
these  calculations  are  given  in  Table  IV. 

While  the  values  so  obtained  arc  rather  variable,  it  is  obvious 
that  our  treatment  of  Haldane's  data  lends  some  support  to  the 
mean  value  obtained  by  us  on  the  study  of  several  samples  of 
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blood.  Parsons'  data  are  more  or  less  neutral  while  Joffe's  data 
seem  to  support  the  value  given  by  Peters,  Barr,  and  Rule.  How- 
ever, we  have  given  reasons  for  thinking  that  the  denominator  of 

CO 
the  fraction  "7:—  is  too  small  in  this  case  which,  if  true,  would  re- 

duce  the  values  to  a  lower  level. 

TABLE  III. 
Ordinate  Correction  for  Oxygen  Unsaturation. 


C02 

CO3 

difference  between 

0. 

difference  in 
chemically  com- 

Milioyl     Mot  Tl'Pr^fl 

COj 

02 

Subject. 

tension  of 

reduced  point 

V.<ilues  of  Column 

reduced  samples. 

and  oxygenated 

Uillt  Q    UctWlrL  li 

reduced  and 

3  divided  by 

curve. 

oxygenated  blood. 

values  of  Column4. 

(1) 

(2) 

(3) 

(-1) 

'.5) 

mm. 

vol.  per  cent 

voL  per  cent 

J.  M.  K. 

33.7 

5.0 

IS.O 

0.28 

00.3 

1.6 

13.0 

0.12* 

M.  D. 

37.0 

4.7 

17.7 

0.25 

61.3 

5.4 

17.4 

0.29 

G.  D. 

32.0 

5.2 

IS. 4 

0.28 

63. S 

3.6 

IS.  6 

0.20 

J.  M. 

37.5 

4.7 

IS.S 

0.25 

68.4 

4.5 

18.7 

0.24 

M.  H. 

70.5 

5.0 

16. 5t 

0,30 

M. 

34.7 

4.4 

16,0 

0,28 

E.  A.  D. 

46.3 

4.3 

15.5 

0.28 

W.  H.  C. 

42,5 

4.3 

14.5 

0,30 

83.3 

3.8 

14.S 

0.26 

J.  M. 

37.7 

4.7 

17.4 

0.27 

61.7 

4.5 

16.5 

0.27 

E.  A.  D. 

37.5 

5.2 

18. 3t 

0.28 

71.0 

5.4 

18. 3t 

0.29 

W.  H.  C. 

35.2 

4.4 

15. 5t 

0.28 

63.8 

4.5 

15. 5t 

0.29 

Mean  of  fi 

rst  12  rpsults 

0.268 

"      "  Is 

Lst  6  results .  . 

0.283 

"     "  li 

i  rp<?iilts 

0.272 

J      XV'Ovl^*-^'     *     ■     «     «     ■ 

*  Omitted  in  taking  the  mean. 

t  O2  content  of  reduced  blood  calculated  from  Hill's  equation. 

In  the  lower  section  of  Table  III,  wo  have  tabulated  our  results 
on  the  throe  samples  of  blood  which  arc  to  be  discussed  in  detail 
later.  It  is  evident  that  the  agreement  with  our  mean  values  is 
veiy  good  in  the  blood  of  J.M.  but  not  so  pleasing  in  the  other 
two  samples.     We  consider  it  more  justifiable  to  use  the  mean 


TABLE  IV. 
Ordinate  Correction:  Data  from  Blood  of  Ilaldane,  Parsons,  and  Joffe. 


CO! 

CO2 
difference  between 

difference  in 
chemically  com- 
bined between 

CO2 

Oj 

Subject. 

tension  of 

reduced  point 

Values  of  Column 

reduced  samples. 

and  oxygenated 

reduced  and 

3  divided  by 

curve. 

oxygenated  blood. 

valuesof  Column*. 

(1) 

(2) 

f3) 

(4) 

(5) 

in  m . 

vol.  per  cent 

vol.  per  cent 

Haldane. 

7S.7 

9.0 

is.o 

0.50 

37.9 

4.9 

18.0 

0.27 

58.2 

4.9 

18.0 

0.27 

74.2 

5.0 

18.0 

0.28 

34.5 

3.3 

18.0 

0.18 

60.9 

5.4 

18.0 

0.30 

Parsons. 

19.6 

4.3 

18.0 

0.24 

33.4 

6.3 

18.0 

0.35 

37.4 

3.5 

18.0 

0.20 

72.1 

3.4 

18.0 

0.19 

Joffe. 

27.6 

5.3 

16.8 

0.32 

36.8 

6.6 

16.8 

0.39 

50.5 

5.5 

16.8 

0.33 

41.7 

1.6 

16.8 

0.10 

47.0 

5.0 

16.8 

0.30 

55.7 

5.4 

16.8 

0.32 

82.2 

9.2 

16.8 

0.55 

In  our  consideration  of  the  bloods  of  Haldane,  Parsons,  and  Joffe,  we 
are  confronted  with  doubt  as  to  the  value  of  unsaturation  that  should  be 
used.  We  have  assumed  that  the  concentration  of  hemoglobin  on  the  differ- 
ent experimental  days  was  constant  and  since  no  data  on  this  point  are 
given  in  the  papers  of  Haldane  and  of  Parsons  that  it  was  equivalent  to 
18.5  volumes  per  cent  of  oxygen  from  which  we  deduce  the  oxygen  unsatu- 
ration to  be  about  18.0  cc.  We  are  more  fortunate  in  the  data  given  on 
Joffe's  blood  in  that  the  oxygen  capacity  is  stated  to  be  18.7  volumes  per 
cent,  but  we  do  not  know  whether  this  value  holds  for  all  experimental  days. 
Assuming  that  it  does  the  oxygen  unsaturation  was  about  16.8  cc. 

We  question  the  application  of  the  oxygen  capacity  value  given  by 
Joffe  for  two  reasons:  (1)  The  absorption  curve  of  his  oxygenated  blood 
rises  a  little  more  rapidly  than  those  of  the  different  samples  of  blood 
containing  about  18.0  volumes  per  cent  of  oxygen  that  we  have  studied ;  and 
(2)  The  corpuscle  volume  is  generally  roughly  parallel  to  the  amount  of 
hemoglobin  present.  We  have  found  that  there  is  more  than  the  normal 
oxygen  capacity  when  the  corpuscular  volume  exceeds  that  of  the  serum. 
The  mean  of  Joffe's  hematocrit  determinations  gives  the  volume  of  corpus- 
cles as  51  per  cent.  A  blood  with  corpuscle  volume  of  40  to  45  per  cent 
general!}-  has  an  oxygen  capacity  of  IS  to  19cc.per  100  cc. 

Data  were  taken  from  the  following  papers  in  the  preparation  of  this 
table:  Christiansen,  Douglas,  and  Haldane  (1914),  p.  249;  Parsons  (1917), 
p.  448;  Joffe  and  Poulton  (1921-22),  Table  VII,  p.  150. 
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value,  0.27,  to  correct  for  the  effect  of  oxj-gen  unsaturation; 
i.e.,  an  average  value  possesses  more  weight  than  the  individual 
determinations. 

Isohydric  Correction  for  Oxygen  Unsaturation. 

When  additional  CO2  is  taken  up  by  blood  without  change  in 
pH  an  increase  in  oxygen  unsaturation  must  result.  The  ratio 
between  the  volume  of  CO2  gained  and  of  O2  lost,  without  change 
in  pH,  we  have  designated  the  "isohydric  correction  for  oxygen 
unsaturation."  This  factor  necessarily  cannot  be  a  constant 
because  the  acid  dissociation  constants  of  oxy-  and  reduced  hemo- 
globin are  slightly  different  but  it  is  approximately  so  over  the 
small  range  of  pH  considered  in  our  paper. 

The  total  CO2  values  of  the  oxygenated  and  reduced  bloods 
have  been  plotted  against  their  calculated  pH  and  the  isohydric 
increase  of  total  CO2  read  from  the  charts.  Oxygen  was  deter- 
mined in  the  oxygenated  and  reduced  specimens  and  the  data 
obtained  in  our  studies  are  given  in  Table  V.  The  mean  value 
was  found  to  be  0.44  which  means  that  when  1  cc.  of  combined 
O2  is  lost  0.44  cc.  of  CO2  must  be  added  to  maintain  the  pH 
wthout  change.  When  1  cc.  of  O2  is  lost  at  any  normal  CO2 
tension  some  base  is  freed  to  combine  with  CO2  which  increases 
the  bicarbonate  and  would  make  the  blood  more  alkaline  were 
not  the  CO2  tension  increased  to  compensate  this  (Henderson, 
1921). 

Evaluation  of  the  Buffers  of  the  Blood. 

As  Van  Slyke  has  pointed  out  in  his  re\new  of  the  carbon  dioxide 
carriers,  there  are  two  distinct  types  of  buffer  action  in  the  blood : 

1 .  That  due  to  the  reduction  of  hemoglobin,  i.e.  when  the  arterial 
blood  loses  oxygen  in  its  passage  through  the  capillaries,  a  certain 
definite  quantity  of  carbon  dioxide  must  be  taken  up  wth  an 
increase  in  bicarbonate  and  the  partial  pressure  of  CO2  must  be 
raised  to  maintain  the  pH  without  change  and  to  prevent  the  blood 
from  actually  becoming  more  alkaline.  This  may  be  called  an 
isohydric  increase  of  carbon  dioxide  and  according  to  the  present 
theoiy  it  is  due  entirely  to  hemoglobin  being  a  weaker  acid  than 
oxyhemoglobin. 
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2.  That  due  to  still  further  increase  in  the  concentration  of 
H2CO3  which  m(!ans  an  increase  in  hj-drogen  ion  concentration 
which  naturally  causes  a  readjustment  of  the  various  buffer 
systems  by  which  some  of  the  alkali  of  the  salts  of  the  various 

TABLE  y. 
Isohydric  Absorption  of  Carbon  Dioxide  {Total  COi)  loith  Loss  of  Oxygen. 


Subject. 

pH  of  reduced 
samples. 

Isohydric 
difference  of  CO2. 

0: 

unsaturation  of 

hemoglobin. 

Isohydric  ratio 

CO2 

0- 

vol.  per  cent 

vol.  per  cent 

cc. 

J.  M.  K. 

7.40 

8.2 

18.0 

0.46 

7.20 

2.4 

13.0 

0.20* 

M.  D. 

7.35 

8.0 

17.7 

0.45 

7.20 

7.8 

17.4 

0.45 

G.  D. 

7.39 

10.0 

18.4 

0.54 

7.20 

6.7 

18.6 

0.36 

E.  A.  D. 

7.32 

6.2 

15.5 

0.40 

J.  M. 

7.35 

7.8 

18.8 

0.42 

7.17 

8.3 

18.7 

0.45 

W.  H.  C. 

7.33 

6.0 

14.5 

0.41 

7.12 

6.2 

14.8 

0.42 

M.  H. 

7.18 

7.2 

16.5t 

0.44 

M. 

7.34 

6.7 

16.0 

0.41 

Mean  (12  i 

0.433 

E.  A.  D. 

7.35 

8.5 

18. 3t 

0.46 

7.17 

9.3 

18. 3t 

0.51 

J.  M. 

7.36 

7.9 

17.4 

0.45 

7.21 

7.6 

16.5 

0.46 

W.  H.  C. 

7.39 

7.5 

15. 5t 

0.48 

7.21 

6.8 

15. 5t 

0.44 

Mean  (6  results') 

0.466 

General  m 

ean 

0.444 

*  Excluded  from  the  average. 

t  Oxygen  content  of  the  reduced  samples  was  calculated  from  Hill's 
equation. 

weak  acids  is  combined  with  carbon  dioxide  thereby  increasing  the 
concentration  of  bicarbonate  and  of  the  weak  acids,  including 
carbonic.  In  the  following  systems  the  numei'ator  is  decreased 
and  the  denominator  increased: 
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BHbOi  .   BHb  .  B  -  protein  .   B^HPO^ 
HHb02  '  HHb  '  H  -  protein  '   BHjPO, 

To  illustrate  more  clearly  the  evaluation  of  the  buffers,  we  give 
the  details  of  the  calculations  of  the  participation  of  each  in  the 
blood  of  J.M.  when  it  changes  from  the  arterial  to  venous  condi- 
tion. In  this  connection  it  is  necessary  to  say  that  the  venous 
blood  was  analyzed  but  that  no  analyses  of  arterial  blood  were 
made.  The  data  of  the  arterial  point  are  based  upon  an  hj'po- 
thetical  ideal  relationship  to  the  venous  blood. 

Determinaiion  of  Arterial  and  Venous  Points. 

Venous  Point. — The  venous  point  on  the  CO2  dissociation  curve 
must  lie  somewhat,  above  the  oxj-genated  curve  because  of  the 
larger  C02-combining  power  at  the  prevailing  CO2  tension  result- 
ing from  its  oxygen  unsaturation.  Using  our  factor  of  0.27 
volumes  per  cent  of  oxygen  unsaturation,  we  have:  Combined 
O2  of  fully  saturated  blood  (19.4) -combined  O2  in  venous  blood 
(11.8)  =  7.6  volumes  per  cent  venous  O2  unsatui-ation  of  hemoglo- 
bin. 7.6  X  0.27  =  2.05  volumes  per  cent  CO2  higher  than  o.xj-- 
genated  curve.    (See  Fig.  2.) 

The  observed  total  CO2  of  venous  blood,  53.9  cc.  —  2.05  = 
51.85  cc,  therefore  gives  the  ordinate  (volumes  per  cent  CO2) 
of  a  point  on  the  oxygenated  cui-\^e  haAing  the  same  CO2  tension 
(abscissa)  as  venous  blood.  A  line  drawn  from  the  ordinate  51.85 
cuts  the  oxA'genated  curve  at  the  point  corresponding  to  59.8 
mm.  of  CO2  tension.  The  venous  point,  therefore,  is  located  at 
the  intersection  of  53.9  volumes  per  cent  CO2  and  59.8  mm.  of 

CO2. 

Its  pH  is  calculated  by  the  familiar  Hasselbalch  (1917)  equa- 
tion in  the  form  used  by  Van  Slyke  (1921). 

„        ^.    ,  ,       total  CO,  -  0.0672  p 
pH  =  pK,  +  log  ^^^g=^^ 

53.9  -  (0.672  X  59.8) 
=  ^-l*^  +  '°S       0.0672  X  59.8 

=  7.194  venous  pH 

Arterial  Point. — True  arterial  blood  was  not  analyzed,  but  the 
arterial  point  can  be  calculated  as  follows.     Assuming  the  arterial 
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Fig.  2.  Blood  of  J.  M.  Volumes  per  cent  of  total  CO2  are  plotted  against 
millimeters  of  pressure  of  CO2.  Three  points  on  the  oxygenated  and  red- 
uced curves  were  determined  on  the  same  sample  of  blood.  The  reduced 
point  at  37.7  tensions  of  CO2  has  a  greater  oxygen  unsaturation  than 
the  other  two  reduced  points.  Consequently  we  have  drawn  the  curve 
through  a  point  at  a  level  which  corrects  for  this  difference  in  unsaturation. 

blood  to  be  95  per  cent  saturated  with  oxj^gen  (Van  Slyke  and 
Stadie,  1921),  its  oxygen  content  would  be  19.4  X  0.95  =  18.43 
+  0.24  cc.  dissolved  oxygen  =  18.67  volumes  per  cent  O2  con- 
tent.^ The  venous  blood  contained  11.9  volumes  per  cent  O2; 
and  18.67  -  11.9  =  6.77  cc.  of  O2  were  lost  from  the.  blood 
during  its  passage  through  the  capillaries.  Assuming  a  normal 
fasting  respiratory  quotient^  of  0.75,  the  venous  blood  must 
have  taken  up  (6.77  X  0.75)  =  5.08  cc.  of  CO2,  and  the  content 

'  In  our  discussion  of  the  isohydric  absorption  of  C0>,  we  have  used  the 
combined  O2  as  a  measure  of  the  concentration  of  hemoglobin.  Conse- 
quently, in  the  location  of  the  venous  point  it  has  been  necessary  to  correct 
for  the  volumes  per  cent  of  unsaturation  of  the  hemoglobin.  However,  in 
calculating  the  CO2  carried  from  the  difference  of  oxygen  content  of  the 
arterial  and  venous  blood  the  actual  loss  of  oxygen  (,i.c.  difference  in  their 
oxygen  contents)  must  be  considered. 

■*  It  is  obvious  that  in  assuming  a  respiratory  quotient  of  this  value  our 
discussion  emphasizes  the  quota  of  CO2  carried  isohydrically.  If  we  had 
assumed  a  respiratory  quotient  of  1.00  (hen  the  absolute  amount  of  CO3 
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of  arterial  blood  was  53.9  -  5.08  =  48.82  cc.  Using  48.82 
\'olunies  per  cent  total  CO2  as  the  ordinate  and  allowing  for  the 
imsaturation  of  the  arterial  blood,  the  arterial  point  is  located  on 
the  chart  and  its  abscissa  (mm.  of  tension)  found  to  bo  50.0  mm. 
of  CO2.  The  figm-es  for  the  arterial  and  venous  blood  of  J.M.  are 
given  in  Table  VL 

T.\BLE  VI. 
Arterial  and  Venous  Blood  of  J.  M. 


Total  CO2,  vol.  per  cent. 

CO2  tension,  mm 

pH 


Arterial. 

48.82 
50.0 
7.231 


Buffer  Effect  of  Lo.ss  of  Oxygen  from  Arterial  Blood:  Type  1. 

Our  consideration  of  the  first  type  of  buffer  reaction  (p.  320) 
has  led  us  to  adopt  0.44  as  the  isohydric  increase  of  CO2  for  every 
volume  per  cent  of  O2  unsaturation  of  the  blood.  The  difference 
in  the  oxygen  unsaturation  of  the  hemoglobin  in  the  arterial  and 
venous  blood  of  J.M.  is  18.43  -  11.80  =  6.63  cc. 

6.6.3  X  0.44  =  2.92  cc.  of  COo  absorbed  without  change  of  pH 

Starting  with  48.82  cc.  as  the  arterial  total  CO2,  we  add  to  it 
2.92  cc.  of  total  CO2  which  were  taken  up  isohydrically  by  the 
loss  of  6.63  cc.  of  O2  from  the  hemoglobin.  From  this  value  and 
the  arterial  pH,  we  can  calculate  the  dissolved  CO2  added  in 
volumes  per  cent. 


7.231  =  pK,  +  log 


51 .74- 0.0672  p 


0.0672  V 

(13.52  X  0.0672  p)  +  0.0672  p  =  51.74 

0.9085  p  +  0.0672  p  =  0.9757  p  =  51.74 

p  =  53.03  mm. 


carried  bj-  a  given  reduction  of  hemoglobin  would  remain  the  same  (isohy- 
dric constant,  0.44)  but  the  absolute  amounts  carried  by  the  buffers  coming 
into  play  with  a  change  of  pH  would  be  greater  and  there  would  necessarily 
be  a  larger  difference  in  the  pH  of  the  arterial  and  venous  blood. 

As  a  nearly  related  fact,  it  is  necessary  to  point  out  the  theoretical 
dependence  of  the  difference  of  pH  between  the  arterial  and  venous  condi- 
tions upon  the  quanlily  of  oxygen  lost  in  the  capillaries  and  the  respira- 
tory quotient .  If  more  oxygen  is  lost  then  the  change  of  pH  is  greater  (see 
Table  VII). 
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But  the  venous  tension  was  59.8  mm.,  so  59.8  —  53.0  =  6.8 
mm.  of  CO2  incrcaso  in  tension  to  change  pH  from  7.231  to  7.194 
and  53.0  —  50.0  =  3.0  mm.  to  maintain  arterial  pH  in  the  venous 
blood  for  the  amount  of  oxygen  lost.  3.0  X  0.672  =  0.20  cc. 
of  CO2  physically  dissolved.  The  combined  CO2  then  is  2.92 
—  0.20  =  2.72  cc.  carried  isohydrically  by  loss  of  6.63  cc.  of 
O2  from  the  hemoglobin. 

Buffer  Reactions  of  Type  2   (Change  in  pH). 

Hemoglobin. — Proceeding  to  a  study  of  the  role  of  the  other 
buffers,  reference  to  the  chart  of  the  hemoglobin  prepared  from 
J.M.'s  blood  shows  that  between  the  range  of  pH  7.25  to  7.15,  a 
difference  of  0.10,  the  hemoglobin  gave  up  alkali  sufficient  to 
bind  2.7  cc.  of  CO2.  But  the  change  from  arterial  to  venous  was 
only  pH  7.231  to  7.194,  or  0.037. 

0  037 
2.7  X   - —  =  0.999  cc.  of  CO2  bound  by  this  change  of  pH 
0.100  ^         i- 

The  prepared  solution  had  a  hemoglobin  content  equivalent 

to  14.0  volumes  per  cent  of  O2  and  the  blood  of  J.M.  a  hemoglobin 

content  of  19.4  volumes  per  cent  of  O2. 

19  4 
0.999  X  77^  =  1.384  cc.  of  CO2  by  the  same  change  of  pH  in 

the  concentration  existing  in  the  blood  of  J.M.  This  involves 
the  assumption  that  reduced  hemoglobin  has  the  same  bufTer 
value  as  oxyhemoglobin  in  this  range  of  pH.  From  some  of  our 
work  on  dog  hemoglobin  we  believe  that  this  is  approximately 
true  and  that  this  cannot  introduce  any  appreciable  error. 

Separated  Serian  Buffers. — Referring  to  the  separated  serimi 
chart,  we  can  read  off  directly  the  quantity  of  combined  CO2 
carried  by  a  change  of  pPI  from  7.25  to  7.15.  It  is  found  that 
0.70  cc.  of  CO2  is  bound  by  base  yielded  by  separated  seruni  buffers 
in  changing  from  pH  7.25  to  7.15  and  from  this  it  is  calculated 
that  0.259  cc.  is  yielded  in  changing  from  pH  7.231  to  pH  7.194. 
Since  this  is  the  quantity  yielded  per  100  cc.  of  serum  and  there 
are  only  55  cc.  of  serum  per  100  cc.  of  blood,  this  value  must  be 
corrected  as  follows: 
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0.259  X  0.55  =  0.142  cc.  of  CO2  carried  by  all  buffers  of  separated  serum 
per  100  cc.  of  blood. 

Phosphates. — Analyses  showed  the  concentration  of  inorganic 
phosphate  to  be  0.00073  m,  from  which  we  derived  the  quantity 
of  base  given  up  by  B2HPO4  in  changing  the  pH  of  this  system  from 
7.231  to  7.194  (see  Van  Slyke  (1921),  p.  149). 

pH  =  pK,  +  log  j^.^H^po^ 

7.231  =  6.8  +  logO:°°5Z3^         7.194  =  6.8  +  log"'""""^  "  ^ 

X  X 

,      0.00073  -  X                   .  ...       ,      0.00073  -  x 
0.431  =  log 0.394  =  log 


2.698  X  =  5^50073 X  2.477  .T  =  0.00073  -  x 

X 

X  =  0.000197  M  X  =  0.000210  m 

0.000210  -  0.000197  =  0,000013  m  base  from  B^HPOi 

0.000013  X  2,240  =  0.029  cc.  of  CO2  carried  by  base  from  inorganic  phos- 
phate buffer  system  of  whole  blood. 

According  to  a  recent  paper  by  Zucker  and  Gutman  (1922) 
the  concentration  of  phosphate  of  serum  and  of  whole  blood  in 
fresh  specimens  is  identical.  Relying  upon  this  observation  with 
which  some  of  our  work  coincides,  we  have  made  a  correction 
of  the  phosphate  buffer  value  of  serum  in  order  to  avoid  a 
duplication. 

55  per  cent  of  the  Ijlood  of  J.  M.  was  serum  and  therefore  pos- 
sessed 55  per  cent  of  the  buffer  value  of  the  inorganic  phosphate 
which  must  be  subtracted  from  the  total. 

0.029  X  0.55  =  0.016  cc.  of  CO2  carried  by  base  yielded  by  phosphate  of 
seniiii  and  therefore  taken  into  account  in  the  buffers  of  separated  serum. 

0.029  -  0.016  =  0.013  cc.  of  CO2  carried  by  the  inorganic  phosphate  of  the 
cells. 

PhysicaUij  Dissolved  Carbon  Dioxide. — We  have  now  accounted 
for  all  of  the  bound  carbon  dioxide  due  to  our  different  known 
buffer  systems.  There  remains  then  only  the  physically  dis- 
solved fraction.  The  total  increase  is  merely  the  difference  of 
arterial  and  venous  CO2  tensions  multiplied  by  the  solubiUty 
coefficient  of  CO2  in  blood. 
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The  data  of  this  blood  and  of  the  other  two  studied  are  tabulated 
in  Table  VII,  and  in  Table  VIII  we  have  collected  the  calculated 
amounts  of  CO2  carried  by  the  various  buffer  systems. 


TABLE  VII. 
Data  on  Arterial  and  Venous  Blood  of  Subjects  Studied. 


Total  O2  content,  arterial  blood,  vol.  per  cent 

"      "        "  venous       "         "       "     "    

Difference 

O.xygen  capacity  of  hemoglobin,  vol.  percent 

Chemically  combined  O2,  arterial  blood,  vol.  per  cent. 

"  "  "     venous      "         "      "      "  . 

Difference 

Total  CO2,  arterial  blood,  vol.  per  cent 

"      "       venous       "         ' 

Difference 

Dissolved  CO2,  arterial  blood,  vol.  per  cent 

"      venous      "  "     "      "     

BHCO3,  arterial  blood,  vol.  i)er  cent 

venous         "       "     "       "   

CO2  tension,  arterial  blood,  mm.- 

venous      "  "     

Difference 

pH,  arterial  blood 

"     venous        "     

Difference 

Total  CO2,  isohydric  absorption,  vol.  per  cent 

H2CO3  "  "  "      "      "    

BHCO3  "  "  "      "      "    


E.A.D. 

W.H.C. 

18.10 

15.44 

15.00 

9.80 

3.10 

5.64 

18.80 

16.0 

17. ,86 

15.20 

14.87 

9.70 

2.99 

5.50 

46.58 

50.27 

48.90 

54.50 

2.32 

4.23 

3.10 

3.25 

3.35 

3.76 

43.48 

47.02 

45.55 

50.74 

46.2 

48.4 

49.9 

56.0 

3.7 

7.6 

7.246 

7.260 

7.233 

7.230 

0.013 

0.030 

1.320 

2.42 

0.087 

0.158 

1.233 

2.262 

J.M. 

18.67 
11.90 

6.77 

19.40 

18.43 

11.80 

6.63 

4'. 82 

53.90 

5.08 

3.36 
4.02 
45.46 
49.88 
50.0 
59.8 
9.8 

7.231 
7.194 
0.037 

2.92 
0.20 
2.72 
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TABLE  VIII. 

Carbon  Dioxide  Carried  by  Buffer  Systems  Studied. 


Total  CO2  carried  tor  R.  Q.  of  0.75. . 
BHCO3  carried  isohydrically 

BHbOi^HHb 

BHCO3  carried  by  change  of  pH. 

By  hemoglobin :  BHbOo-^HHbO. 
BHb  ->  HHb 

By  BiHPO,  in  cells 

By  separated  serum 

CO2  physically  dissolved 

Sum,  per  cent  of  total 

Per  cent  of  total  CO2  carried  by 
hemoglobin 


E.A.D. 


TOI. 

per 
cent 

2.32 
1.233 


0.439 
0.010 
0.089 
0.249 


per 

cent 

of  total 


2.020 


53.1 


18.9 
0.43 
3.84 

10.7 


87.0 
72.0 


W.H.C. 


vol. 
per 
cent 

4.23 

2.262 


1.070 
0.01 
0.198 
0.511 


4.053 


percent 
of  total 


53.5 


25.3 
0.3 

4.7 
12.1 


96.0 

78.8 


J.M. 


vol. 
per  cent 


1.384 
0.013 
0,142 
0.657 


4.196 


per  cent 
0/  total 


53.5 


27.2 
0.25 
2.8 

12.9 


97.0 
80.7 


DISCUSSION   OF   RESULTS. 

From  our  data,  we  have  calculated  the  relative  amoirnt  of 
alkali  furnished  by  each  of  the  various  known  blood  buffers  for 
binding  carbon  dioxide  under  a  normal  arterial  to  venous  change 
of  state.  The  percentage  of  increment  of  total  carbon  dioxide 
accounted  for  in  the  thise  samples  studied  varies  from  87  to  97. 
With  regard  to  the  experiment  in  which  onlj-  87  per  cent  was 
accounted  for,  it  may  be  stated  that  the  discrepancy  apparently 
lies  in  that  the  calculated  pH  change  is  too  small.  By  the  manner 
in  which  we  determine  the  isohydric  quota  of  COo  it  is  to  be  ex- 
pected that  these  results  for  the  three  samples  of  blood  would 
agree.  However,  the  CO2  carried  by  the  change  in  reaction  of 
this  blood  is  10  per  cent  less  than  that  of  the  other  two.  This 
may  mean  an  error  in  our  pH  calculation  which  is  possibly  due 
to  a  mistake  in  the  data  or  in  constmction  of  the  oxygenated 
carbon  dioxide  absorption  curve.     It  might  also  be  referred  to  a 

lack  of  constancy  of  the  isohydric  — -^  ratio  over  the  range  studied; 

U2 

reference  to  Table  V  shows  that  this  blood  gave  a  ratio  appreciably 

higher  than  the  other  two  and  the  average  figure  used  in  our 

calculations.     This  latter  possibility  must  be  strongly  discounted 
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if  our  present  idea  of  the  effect  of  reduction  is  to  remain  unmodi- 
fied. In  this  connection  it  may  be  noted  that  the  isohj^dric  ratios 
found  with  oxygenated  and  reduced  dialyzed  hemoglobin  are 
generally  considerably  lower  than  those  obtained  for  blood.  We 
hope  to  be  able  to  elucidate  this  point  at  a  later  date. 

The  arterial  to  venous  pH  change  requires  some  comment. 
Both  HasselbalelT  and  Parsons  consider  this  change  to  be  about 
0.02.  Parsons  in  particular  has  based  this  estimate  on  the  loss 
of  G.O  cc.  of  O2  and  the  taking  up  of  sufficient  CO2  to  give  a  normal 
respiratory  quotient.  As  we  have  studied  his  paper  it  appears 
to  us  that  his  data  are  not  adequate  to  make  this  approximation 
conclusive.  The  results  from  which  his  curves  are  constructed 
are  quite  scattered,  which  may  be  due  to  his  utilization  of  data 
obtained  on  blood  on  different  experimental  days,  and  we  have 
not  been  able  to  use  them  in  our  study. 

Still  more  recently  Peters,  Barr,  and  Rule  have  studied  the  differ- 
ence of  arterial  and  venous  pH  of  normal  men  and  have  found  it 
to  be  less  than  0.02.  While  we  appreciate  the  great  technical 
difficulties^  in  work  of  such  a  nature,  we  must  call  attention  to 
two  points  both  of  which  would  cause  a  greater  change  of  pH 
than  that  calculated  by  these  investigators. 

1.  The  factor  (0.34)  used  by  them  to  correct  for  oxj^gen  un- 
saturation  based  on  data  on  the  blood  of  Haldane  and  of  Joffe 
is  appreciably  greater  than  that  found  by  us  (0.27)  in  our  work. 
This  would  give  a  greater  quota  of  carbon  dioxide  taken  up  iso- 
h"ydrically  due  to  the  oxygen  unsaturation  and  lessen  the  differ- 
ence in  CO2  tension  between  the  arterial  and  venous  blood. 

2.  In  most  of  their  experiments  and  in  all  of  the  normal  cases 
studied  low  blood  respiratory  quotients  were  found.  This  means 
that  in  the  utilization  of  their  data,  they  have  corrected  for 
a  greater  degree  of  oxygen  misaturation  with  respect  to  CO2 
carried  than  could  probably  exist  phj'siologicallj'  for  any  length  of 
time,  and  have  thereby  found  changes  of  pH  which  are  too  small. 
At  the  present  time  it  seems  veiy  probable  to  us  that  generally 
the  blood  at  rest  must  have  a  normal  respiratory  quotient  and  in 

'  This  point  has  been  discussed  by  Peters,  Barr,  and  Rule  (p.  515).  We 
might  add  that  to  our  knowledge,  no  one  has  been  uniformly  successful  in 
obtaining  normal  respiratory  quotients  in  a  study  of  arterial  and  venous 
blood  of  men. 
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fact  wc  have  found  this  to  be  true  in  blood  drawn  simultaneously 
from  the  artery  and  vein  of  the  same  leg  of  a  dog  in  several 
experiments. 

To  satisfy  ourselves,  wo  have  recalculated  from  the  data  given 
by  Peters,  Barr,  and  Rule  the  probable  change  of  pH  when  allow- 
ance is  made  for  these  two  points.  To  do  this  we  have  used  their 
oxygen  values  and  arterial  CO2  value  and  assumed  that  sufficient 
CO2  must  have  been  added  to  the  arterial  blood  in  becoming  venous 
to  give  a  normal  respiratorj^  quotient  of  0.75.  With  such  assump- 
tions and  using  the  blood  of  D.P.B.  whose  respiratory  quotient 
(0.67)  is  the  closest  to  normal  the  difference  between  the  calculated 
arterial  and  venous  pH  is  about  0.0.55  which  is  much  greater  than 
the  difference  indicated  by  the  position  of  the  arterial  and  venous 
points  on  their  charts. 

This,  then,  seems  to  explain  the  difference  between  their  con- 
clusions and  ours  on  the  arterial  to  venous  pH  changes.  Theirs 
are  based  on  actual  determinations  on  arterial  and  venous  blood 
showing  physiologically  improbable  respiratory  quotients;  ours 
on  venous  blood  and  an  ideal  respiratory  quotient. 

It  might  be  well  to  recall  that  in  Van  Slyke's  calculations  of 
the  buffers  of  Haldane's  blood  that  for  the  loss  of  6.3  cc.  of  O2  and 
the  respiratory  quotient  of  0.75,  the  change  of  pH  is  0.03. 

It  seems  worth  while  to  point  out  that  our  calculated  differences 
in  arterial  and  venous  CO2  tensions  in  the  bloods  of  W.H.C. 
and  J.M.  are  also  a  little  larger  than  the  usual  estimate.  In  the 
former  it  is  7.6  mm.  and  in  the  latter  9.8  mm.  Both  Haldane 
and  Parsons  estimate  it  to  be  from  5  to  7  mm.,  but  Peters,  Barr, 
and  Rule  have  experimentally  found  differences  as  large  as  10 
mm.  with  an  average  of  6  mm. 

Our  results  for  the  venous  pH  appear  to  be  more  acid  than  those 
generally  accepted.  They  have  been  calculated  from  the  Hassel- 
balch  formula  which  Donegan  and  Parsons  (1918-19)  have  shown 
to  give  pH  values  which  are  less  by  about  0.07  than  those  obtained 
by  them  with  the  hydrogen  electrode,  which  measures  the  pH  of 
the  plasma.  We  are  inclined  to  agree  with  them  on  this  score 
since  our  calculated  values  on  blood  and  its  serum  show  a  similar 
difference.  Our  results  on  subject  E.A.D.  are  given  in  Table 
IX  for  comparison. 
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Fig.  3.  Blood  of  E.  A.  D.  Volumes  per  cent  of  total  CO2  are  plotted 
against  millimeters  of  pressure  of  CO2.  Three  points  on  the  oxygenated 
and  reduced  curves  were  determined  on  the  same  sample  of  blood. 
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Fig.  4.  Blood  of  W.  H.  C.  Volumes  per  cent  of  total  CO2  are  plotted 
against  millimeters  of  pressure  of  CO2.  The  data  were  obtained  from  two 
samples  of  blood  drawn  at  an  interval  of  6  weeks. 
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The  mean  difference  seems  to  indicate  that  the  calculated  pH 
of  the  serum  exceeds  that  of  the  blood  by  0.05  +.  The  use  of 
6.15  as  pKi  for  blood  and  6.10  for  serum  as  advocated  by  Van 
Slyke  (1922)  would  cause  this  difference  to  disappear.  Possibly  it 
might  have  been  ad^^sable  to  use  this  value  in  our  calculations, 
but  the  various  curves  have  so  nearly  the  same  slope  over  a  longer 
range  that  no  appreciable  error  has  been  introduced.  It  may 
well  be  that  the  pH  of  our  venous  samples  -was  0.05  greater  than 
the  figures  given  in  the  text,  which  would  give  us  the  values  7.244, 
7.28,  and  7.283.  The  absolute  values  depend  upon  the  value 
accepted  for  pKi. 


TABLE  IX. 


Calculated  pH  of  Blood  and  Its  Serum. 


CO2,  mm 

pH  serum 

pH  blood 

Difference  of  pH 


Oxygenated. 

deduced. 

23.3 

43,0 

72.5 

22.4 

37.5 

7.47 

7.33 

7.17 

7.64 

7.41 

7.42 

7.26 

7.12 

7.48 

7.35 

0.05 

0.07 

0.05 

0.06 

0.06 

1.6 
7.21 
7.17 
0.04 


SUMMAKY. 

In  a  study  of  the  various  hioim  buffer  systems  of  the  blood,  we 
have  been  able  to  account  for  87  to  97  per  cent  of  the  carbon 
dioxide  carried  in  the  change  from  an  hypothetical  arterial  to  an 
actual  venous  state.  As  previously  pointed  out  (Van  Slyke, 
1921),  the  hemoglobin  plays  the  preeminent  role  in  the  transport 
of  both  carbon  dioxide  and  oxygen.  About  75  to  80  per  cent  of 
the  carbon  dioxide  carried  is  due  to  the  hemoglobin,  the  remainder 
being  carried  by  the  other  buffer  systems.  The  buffer  value  of  the 
inorganic  phosphate  is  shown  to  be  less  than  1  per  cent  of  the  total, 
while  that  of  the  separated  serum  is  less  than  5  per  cent.  A 
revised  value  of  0.27  as  a  factor  to  correct  for  oxygen  unsaturation 
in  interpolating  venous  points  is  given.  The  isohydric  absorption 
of  0.44  volumes  per  cent  of  carbon  dio.xide  occm-s  with  each 
volume  per  cent  of  oxj'gen  unsaturation  of  the  hemoglobin 
of  the  blood. 

The  authors  desire  to  express  their  appreciations  of  Dr.  P.  A. 
Shaffer's  advice  and  encouragement  in  this  work;  of  Dr.  C.  M. 
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Gruber's  assistance  in  taking  the  samples  of  blood;  and  of  Dr. 
Michael  Somogyi's  help  in  the  preparation  of  the  charts.  Thanks 
are  due  to  certain  students  of  the  first  year  class  for  furnishing 

blood  specimens. 

Protocols. 

Samples  of  blood  were  simultaneously  equilibrated  at  38°  with  three  CO2 
tensions  in  the  practical  absence  of  oxygen  and  with  three  in  the  presence  of 
air  or  o.xygen.  The  samples  were  transferred  to  a  small  tube  under  a  layer 
of  oil  without  coming  into  contact  with  any  other  gas.  CO2  analyses  were 
made  as  rapidly  as  possible. 

The  oxygen  contents  of  the  reduced  samples  of  blood  from  E.  A.  D.  and 
W.  H.  C.  (Dec.  21)  were  calculated  from  Hill's  equation,  but  determined  in 
the  blood  from  J.  M.  and  of  W.  H.  C.  (Feb.  2). 

The  separated  serum  w-as  kept  in  a  paraffined  tube  over  night  at  1°C. 
Equilibrations  and  analyses  were  carried  out  on  the  following  day. 

Both  oxygen  and  carbon  dioxide  were  determined  by  the  methods  des- 
cribed by  Van  Slyke;  and  in  the  case  of  the  blood  of  J.  M.  and  W.  H.  C. 
(Feb.  2)  by  the  more  recent  procedure  of  Van  Slyke  and  Stadie.  Phos- 
phorus was  determined  colorimetrically  by  a  method  described  by  Briggs 
(1922) . 

Subject  J.  M. 


O.Kygennted  blood. 

Reduced  blood. 

CO-)    7tiiii                      

19.1 
31.2 

7.47 
19.4 

37.8 
43.4 
7.31 

62.1 
52.6 
7.16 

21.0 
37.2 
7.60 
2.80 

37.7 
48.4 
7.36 
2.0 

61.7 

Tot^il  COo    7H)l    tier  cent 

57.0 

pH                     

7.21 

O2,  chemically  combined,  cc 

2.8 

Venous  blood. 

53.9 

02     "      "   "   "  

11.9 

CO2,  mm 

BHCO3,  vol.  per  cent . 
pH 


CO2,   mtti 

BHCO3,  vol.  percent. 
pH 


Separated  serum. 


Hemoglobin-bicarbonate  solution. 


18.0 
32.7 
7.52 


29.9 

44.2 

36.1 

39.0 

7.34 

7.21 

60.9 
42.4 
7.10 


fl4.0   vol.   per   cent  chemically  combined  Os, 

colori  metrically . 
1 13.S  vol.  per  cent  chemically  combined  Oj, 
gasometrically. 
Inorganic  P  in  blood,  2.27  mg.  per  100  cc. 


Hemoglobin  equivalent  to 
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Subject  E.  A.  D. 


CO2,  ntm 

Total  CO2,  vol.  per  cent 

pH 

O2,  mm 

O2,  chemically  combined,  cc. 


Total  CO2,  vol.  per  cent. 
pH 


CO2  content,  vol.  per  cent. 
O,  "  "      "      " 


CO2,   mm 

BHCO3,  vol.  per  cent 
pH 


Oxygenated  blood. 


23.3 

43.0 

34.7 

45.0 

7.42 

7.26 

667.00 

653.00 

18.8 

18.8 

72.5 

56.0 

7.12 

622.00 

19.1 


Serum  from 
oxygenated  blood. 


40.9 

7.47 


55.4 
7.33 


66.4 
7.17 


Reduced  blood. 


22.4 

37.5 

37.8 

47.5 

7. 48 

7.35 

6.4 

5.6 

71.6 
61.2 
7.17 
5.6 


Approximately 
0.50  cc. 


Serum  from 
reduced  blood. 


46.0 
7.54 


57.0 
7.41 


70.6 
7.21 


Venous  blood. 


48.9 
15.0 


Separated  serum. 


Inorganic  P  in  blood,  5.3  mg.  per  100  cc. 


Subject  W.  H.  C. 


CDs,  mm 

Total  CO2,  vol.  per  cent. 
pH 


Os,  mm 

O2,  chemically  combined,  cc. 


CO2  content,  vol.  per  cent. 
O2  "  "     "      " 


CO2,  mm 

BIICO3,  vol.  per  cent 
pH 


Cxygenated  blood. 


23.0 

36,0 

7.45 

661.00 

16.0 


40.3 
45.3 
7.30 
661.00 


67.2 
56.1 
7.16 
642.00 


Reduced  blood. 


16.7 

35.2 

63.8 

34.4 

48.2 

59.6 

7.57 

7.39 

7.21 

6.7 

6.6 

7.2 

Approximately 
0.50  CO. 


Venous  blood. 


54.5 


Separated  serum. 
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Subject  W.  H.  C— Continued. 


Hemoglobin-bicarbonate  solution. 


CO.,  mm 8.4  28.3  42.4 

BliCO,,  vol.  per  cant 16.4  27.9  .      32.4 

pH I  V.56  7.26  7.15 

flS.l   vol.  per  cent   chemically   combined  O2, 

J      gasometrically. 
Hemoglobin  equivalent  to     ^^  g  ^^,    p^^   ^^^^  chemically  combined  O2, 

[    colorimetrically. 
Inorganic  P  in  blood,  2.8  mg.  per  100  cc. 


Feb.  2. 


O.xygenated  blood. 

Reduced 

42.2 

76.5 

42.5 

47.5 

58.3 

51.9 

7.30 

7.11 

7.33 

18.0 

3.5 

83.3 
63.9 
7.12 
3.2 


CO2,  mm 

Total  CO2,  vol.  per  cent 

pH 

O2,  chemically  combined,  cc.  . 

'  *  It  will  be  noted  that  the  degree  of  unsaturation  of  this  reduced  blood 
is  practically  the  same  as  that  of  the  reduced  blood  of  Dec.  21.  A  smooth 
curve  can  be  drawn  through  all  of  these  reduced  points,  yet  the  blood  of 
Dec.  21  was  defibrinated  and  that  of  Feb.  2,  oxalated. 

The  venous  blood  of  Dec.  21  was  used  in  our  calculations. 
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IS  ASPHYXIA  THE  CAUSE  OF  DRUG  HYPERGLYCEMIAS? 

Bt  a.  L.  TATUM  and  A.J.  ATKINSON. 

{From  the  Laboratory  of  Physiological  Chemistry  and  Pharmacology, 
University  of  Chicago,  Chicago.) 

(Received  for  publication,  August  4,  1922.) 

It  is  well  known  that  asphyxia  causes  glycogenolysis.  There- 
fore, a  number  of  workers  have  attributed  the  hyperglycemia 
produced  by  ether  and  epinephrine  solely  to  asphyxia.  Stewart 
in  his  Manual  of  physiology  states: 

"It  has  usually  been  assumed  that  the  hjijerglycemia  of  asphyxia  is  due 
to  the  effect  upon  the  center  of  blood  over-rich  in  carbon  dioxide  (and 
other  metabolic  products)  or  impoverished  as  regards  oxygen." 

He  also  states  that  there  is  some  evidence  that  the  altered 
blood  may  also  affect  the  liver  cells  directly  by  interference  with 
the  internal  respiration  of  the  hepatic  tissue,  operating,  it  may 
be,  through  an  increase  in  the  concentration  of  the  hydrogen 
ions  (1).  Sansum  and  Woodyatt  (2)  found  that  ether  and  nitrous 
oxide  increase  the  glycosuria  and  D  :N  ratio  in  plilorhizin  diabetes, 
sugar  being  deiived  from  glycogen  "probably  through  tissue 
asphyxia."  Ross  and  McGuigan  (3)  claim  a  direct  action  of  ether, 
and  that  asphyxia  is  not  essential.  Ritzmann  (4)  supported  the 
asphyxial  explanation  of  the  glycogenolytic  activity  of  epinephrine 
by  considering  that  epinephrine  produces  a  portal  stasis  (by  portal 
vasoconstriction)  sufficient  to  cause  anoxemia.  It  has,  however, 
been  shown  by  one  of  us  (5)  that  there  is  no  demonstrable  degree 
of  portal  stasis  following  subcutaneous  inje^ctions  of  epinephrine. 

The  asphyxial  theory  of  drug  hyperglycemia  seems  to  have 
been  accepted  by  many  investigators  with  no  further  proof  than 
that  asphyxia  is  of  itself  capable  of  causing  hyperglycemia  and 
that  asphyxia  is  probably  caused  by  these  drugs.  This  to  our 
mind  leaves  open  the  possibilities  of  asphyxia  and  glycogenolysis 
being  parallel  and  not  interdependent  phenomena  or  that  asphyxia 
is  one  of  several  factors  producing  the  glycogenolysis. 
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With  the  object  of  determining  the  role  of  asphyxia  in  the 
hyperglycemia  produced  by  the  drugs  which  we  shall  deal  with, 
wc  thought  it  necessary  first  to  study  the  effect  of  simple  asphraa,  - 
without  drug  action.  Carbon  monoxide  would  seem  to  serve 
satisfactorily  for  this  purpose  since  it  has  no  direct  action,  but 
acts  only  by  displacement  of  oxygen.  We  consider  the  alkaline 
reserve  capacity  of  the  blood  to  be  a  good  measure  of  the  asphyxia 
produced  in  cases  uncomplicated  by  respirator}'  or  circulatory 
disturbances  other  than  asphyxial,  since  according  to  all  avail- 
able e\adences  there  is  in  asphyxia  diminished  oxidation,  and 
the  incomplete  oxidation  results  in  the  failure  of  the  intermediate 
acid  metabolites  to  be  burned  to  their  normal  end-products. 
This  accounts  for  the  fall  in  the  alkaline  reserve  of  the  blood  since 
these  acid  bodies  are  considered  to  be  neutralized  by  sodimn  bi- 
carbonate, ammonia,  and  other  buffers  as  they  are  formed.  The 
alkaline  reserve  capacitj'  then  is  diminished,  and  should  portray 
the  extent  of  the  suboxidation  caused  by  asphyxia. 

The  carbon  monoxide  was  made  by  adding  concentrated  sul- 
furic acid  to  oxahc  acid  and  heating.  The  gas  was  freed  from 
carbon  dioxide  by  passing  through  10  per  cent  sodium  hydroxide. 
Rabbits  were  put  in  a  bell  jar  and  asphyxiated  by  passing  in 
carbon  monoxide.  The  blood  sugar  was  determined  by  the  method 
of  Benedict  (6).  The  alkaline  reserve  capacity'  was  determined 
by  the  method  previously  described  (7).  A  marked  fall  in  reserve 
capacity  with  a  mild  or  slight  increase  in  sugar  was  obtained 
(Table  I). 

C3'anides  are  considered  to  produce  another  type  of  asph3'xia 
by  lessened  oxidation  in  the  presence  of  an  abundance  of  oxygen. 
Geppert  (8)  first  asserted  that  hydrocyanic  acid  depressed  physi- 
ological oxidations,  and  has  called  this  "internal  asphyxia," 
since  the  oxygen  is  in  the  ordinary  combination  with  hemoglobin; 
but  there  is  an  inability  on  the  part  of  the  cell  to  utiUze  the  oxygen. 
Hyman  (9)  has  shown  that  the  effect  in  sponges  is  a  primary 
increase  followed  by  diminution,  high  concentrations  produc- 
ing practically  pure  depression.  Schoenbein  (10)  demonstrated 
that  cyanides  inhibit  the  activity  of  the  oxidizing  enzymes. 
Zillessen  (11)  reported  that  there  was  an  increase  in  sugar  and 
lactic  acid  in  the  blood  under  cj-anide. 


A.  L.  Tatum  and  A.  J.  Atkinson 


333 


If  cyanides  depress  intracellular  oxidation  a  study  of  the 
relation  of  its  glycogcnob-tic  activity  to  its  production  of  acidosis 
should  be  important  in  connection  with  the  relation  of  asphjrxia 
and    drug    hyperglycemia.     Accordingly,    we    injected    sodium 

T.\BLE  I. 

Effect  of  Carbon  Monoxide  Asphyxia  on  Alkaline  Reserve  Capacity  and  Blood 

Sugar  Concentration  in  the  Rabbit. 


Animal 
No. 

Time. 

Alka- 
line 
reserve 

capac- 
ity. 

Blood 
sugar 
per  cc. 

Blood 
sugar 
rise. 

Remarks. 

cc. 

mg. 

mff. 

143 

8.30    a.m. 
9.16     " 

0.79 

1.25 

Administered  CO  for  16  min. 

9.38     " 
10.02     " 

0.57 

1.79 

0.54 

«                  «     «    j3      " 

10.38     " 
11.43     " 

0.53 

1.79 

0.54 

u                    it      "     y2     " 

12.05  p.m. 
3.00     " 

0.52 

1.74 

"                  "      "    30     " 

3.35     " 

0.37 

1.90 

0.65 

145 

9.30  a.m. 
9.45     " 

0.68 

1.30 

Administered  CO  for  27  min. 

10.20     " 
10.30     " 

0.42 

2.43 

1.08 

Killed    by  CO  administered  for 
19  min. 

10.50     " 

0.39 

3.26 

1.91 

146 

4.02  p.m. 
4.12     " 

0.70 

1.35 

Administered  CO  for   33  min. 

4.48     " 

0.42 

1.77 

0.42 

5.25     " 

0.54 

1.77 

0.42 

147 

10.15  a.m. 
10.45     " 

O.SO 

1.37 

Administered  CO  for  35  min. 

11.25     " 

0.32 

2.00 

0.63 

11.50     " 

0.35 

2.00 

0.63 

cyanide  in  the  ear  veins  of  rabbits  and  found  a  marked  fall  in 
the  reserve  capacity  of  blood  with  a  relatively  small  rise  in  blood 
sugar  concentration  (Table  II). 

The  large  fall  in  reserve  capacity  and  small  rise  in  sugar  con- 
centration were  all  out  of  proportion  to  the  large  rise  of  sugar 


I  AULt:   II. 

Effect  of  In-travcnous  Injection  of  Sodium  Cyanide  on  Alkaline  Reserve  and 

Blood  Sugar* 


Animal 
No. 


149 


150 


151 


152 


153 


138 


Time. 


S.OO  a.m. 
8.15     " 

S.46     " 

3.40  p.m. 
3.45     " 


4.15 


4.00 
4.30 


5.15 

2.15 
3.00 


3.45  " 

10.00  a.m. 

10.30  " 

11.30  " 

11.30  " 

12.15  p.m. 

12.55  " 

1.15  " 

1.30  " 

1.39  " 

2.19  " 

2.30  " 

2.50  " 

3.05  " 

3.30  " 


Allcii- 

line 
reserve 
cap.-ic- 

ity. 


0.60 

0.28 
0.60 

0.34 
0.76 

0.27 


0.70 
0.63 
0.63 

0.51 

0.49 

0.45 


Blood 
Sltgar 
per  cc. 


mg. 

1.20 


1.36 
1.15 

2.. 30 
1  36 

2.30 
1.16 

1.66 
1.33 

2.20 


Blood 
sugar 


0.16 


i.i; 


0.94 


0.50 


0.87 


Remarlcs. 


Injected    10    cc.    0.01    m  NaCN 
into  ear  vein.     Time  30  min. 


Injected  10  cc.  0.01  m  NaCN. 
Time  30  min.  Four  convul- 
sions. 


Injected  10  cc.  0.01  m  NaCN. 
Time  30  min.  Three  convul- 
sions. 


Injected  7.5  cc.  0.01  ii  NaCN. 
Time  30  min.  Four  mild  con- 
vulsions. 


Double  splanchnotomized  rab- 
bit. 

Injected  9  cc.  0.01  m  NaCN. 
Time  30  min.  Four  convul- 
sions. 


2  gm.  uretliane  by  stomach  tube. 
Started  artificial  respiration  with 
tracheotomy. 


Injected  0.01  m  NaCN  for  .30  min. 
"        0.01  M     "         "   30    " 


0.01  M 


30   " 


*  Folin-\Vu  method  of  blood  sugar  analysis. 
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and  small  fall  of  reserve  seen  with  epinephrine  (compare  Tables 
II  and  XIII).  The  fall  in  reserve  with  cyanide  was  greater 
than  with  carbon  monoxide;  but  the  sugar  changes  were  of 
about  the  same  order  of  magnitude  (compare  Tables  I  and  II). 
Hydrocyanic  acid  is  one  of  the  strongest  stimulants  of  the 
respiratcn-y  center.  Boelim  (12)  first  demonstrated  that  the 
respiratory  effects  were  central.  The  fall  in  reserve  capacity 
seen  with"  cyanide  then  might  be  thought  to  be  due  to  reduced 
tension  of  carbon  dioxide  in  the  alveoli  and  blood  because  of  the 
increased  pulmonary  ventilation  remo\'ing  the  carbon  dioxide 
from  the  blood  and  lungs  more  promptly  than  usual.  In  order 
to  determine  whether  the  fall  in  reserve  observeci  with  cyanide 
was  due  to  respiratory  stimulation,  animals  were  urethanized 
and  given  artificial  respiration  through  a  tracheal  cannula,  and 
then  the  effect  of  cyanide  was  determined.  Under  these  condi- 
tions, cyanide  still  produced  a  fall  in  reserve  although  the  artificial 
respiration  was  maintained  at  a  constant  rate  sufficient  to  main- 
tain quiescence  of  the  respiratory  center.  See  Table  II,  No. 
138.  This  indicates  that  the  fall  in  reserve  observed  with  cyanide 
is  not  likely  due  to  respiratory  center  stimulation,  since,  if  it 
were,  the  reserve  should  not  have  decreased. 

Grove  and  Loevenhart  (13),  investigating  the  activity  of 
iodoxybenzoic  acid,  found  that  it  caused  a  brief  arrest  of  respira- 
tion by  depression  of  the  respiratory  center  presumably  because 
of  the  active  oxygen;  and  that  a  definite  antagonism  exists  between 
hydrocyanic  acid  and  sodium  iodoxybenzoate  in  regard  to  the 
respiratory  center.  Since  hydrocyanic  acid  depresses  oxidation, 
they  assmne  that  the  antagonism  between  cyanides  and  sodium 
iodoxybenzoate  indicates  that  the  latter  is  capable  of  accelerat- 
ing physiological  oxidation,  because  of  the  effect  on  the  respira- 
tion of  the  one  is  neutralized  by  the  other. 

If  sodium  iodoxybenzoate  acts  by  increasing  intracellular  oxida- 
tion and  cyanides  act  by  decreasing  intracellular  oxidation,  we 
should  expect  to  be  able  to  see  a  manifestation  of  this  antagonism 
on  the  glycogenolytic  mechanism  and  on  the  asphyxia  of  cyanide 
as  portrayed  in  the  alkaline  reserve  capacity.  On  inj  ecting  iodoxy- 
benzoate in  the  ear  vein  of  rabbits,  we  confirmed  Loevenhart's 
findings  in  regard  to  the  respiratory  center;  that  is,  it  produced 
an  apnea.     Sodium  iodoxybenzoate  given  at  such  a  rate  as  to 
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maintain  a  depressed  state  of  the  respiratory  center  producetl  a 
slight  hyperglycemia  with  a  rise  of  the  alkaline  reserve  capacity 
(Table  III). 

Since  iodoxybenzoate  caused   a  rise  in  the  alkaline  reserve 
capacity,  it  was  necessary  to  determine  whether  the  rise  could 


TABLE  III. 
Effect  of  Sodium  Iodoxybenzoate  on  Alkaline  Reserve  and  Blood  Sugar. 


Animal 
No. 

Time. 

Alka- 
line 
reserve 

capac- 
ity. 

Blood 
sugar 
per  cc. 

Blood 
sugar 
rise. 

Remarks. 

cc. 

ms. 

mg. 

T29 

10.30 
10.49 

a.m. 

0.69 

1.68 

Injected  n/60  Na  iodoxybenzo- 
ate.   Time  47  min. 

11.40 

11 

0.75 

2.04 

0.36 

12.05 

p.m. 

0.65 

1.05 

ii 

0.67 

1.68 

1.40 

i( 

Injected  n/60  Na  iodoxybenzo- 
ate.   Time  30  min. 

2.14 

It 

0.69 

1.92 

0.24 

130 

4.00 
4.30 

li 

0.75 

1.34 

Injected  8  cc.  n/90  Na  iodo.xy- 
benzoate.    Time  30  min. 

5.14 

u 

0.83 

1.78 

0.44 

131 

11.30 
11.40 

a.m. 

0.73 

1.32 

Injected  5.5  cc.  n/90  Na  iodoxy- 
benzoate.    Time  30  min. 

12.12 

p.m. 

0.86 

1.70 

0.38 

12.32 

it 

0.83 

1.62 

0.30 

1G2 

2.30 

2.47 

it 

0.75 

1.32 

Injected  8  cc.  n/90  Na  iodoxy- 
benzoate.   Time  30  min. 

3.19 

H 

0.78 

1.67 

0.35 

not  be  accounted  for  by  retention  of  carbon  dioxide  due  to  de- 
pression of  the  respiratory  center.  We  therefore  injected  sodimn 
iodoxybenzoate  into  the  ear  veins  of  artificially  respirated,  ure- 
thanized  rabbits  and  found  .that  the  reserve  did  not  increase. 
Hence,  we  conclude  that  iodoxybenzoate  produces  a  rise  in  re- 
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serve  capacity  by  depression  of  the  respiratory  center  causing  a 
retention  of  carbon  dioxide  in  the  blood  (Table  IV). 

Table  IV  also  shows  the  effect  on  the  alkaline  reserve  capacity 
of  subcutaneous  injection  of  epinephrine  in  artificially  respirated 
animals.  Epinephrine  produced  a  fall  of  reserve.  This  indi- 
cates that  the  fall  of  reserve  cannot  be  due  to  respiratory  stimu- 
lation, and  confirms  previous  work  in  this  laboratory  (5). 

For  completeness,  we  tried  iodoxybenzoate  in  double  splanch- 
notomized    and  •  left    adrenalectomized-right    splanchnotomized 
animals  and  found  that  it  no  longer  produced  hyperglycemia  but 
did  produce  a  rise  in  the  alkaline  reserve  capacity.     The  glyco- 
genolytic   action    of    iodoxybenzoate   in    normal    animals    then 
is    central,   probably    by  stimulation  of  the  central  glycotaxic 
mechanism.     However,    if    an    overdose    of    iodoxybenzoate    is 
given,  so  as  to  maintain  apnea,  an  increase  in  the  blood  sugar 
concentration  and  a  fall  in  the  alkaline  reserve  capacity  is  ob- 
tained (see  Table  V).     This  can  be  explained  on  the  basis  of  the 
apnea  resulting  in  a  lack  of  oxygen.     On  the  other  hand  in  cases 
of  small  doses  of  iodoxybenzoate  the  depression  of  the  respiratory 
center  was  sufficient  to  produce  some  accumulation  of  carbon 
dioxide  without  at  the  same  time  producing  actual  oxygen  want. 
To  determine  whether  the  antagonism  seen  between  iodoxy- 
benzoate and  cyanide  on  the  respiratory  center  could  also  be 
seen  in  regard  to  cyanide  hyperglycemia  and  reserve  fall,  we  in- 
jected into  an  ear  vein  of  a  rabbit  a  single  solution  containing 
cyanide    and    iodoxybenzoate,    which,    tested    electrometrically, 
gave  no  evidence  of  chemical  interaction.     By  trial  a  mixture 
was  obtained  which  because  of  the  predominance  of  iodoxyben- 
zoate, more  than  neutrahzed  the  effect  of  cyanide  so  that  the 
respiration  was  depressed.     We  found  that  cyanide  still  produced 
the  large  fall  in  reserve  capacity,  the  sugar  change,  and  typical 
cyanide   convulsions  even  when  the  effect  of  cyanide   on  the 
respiratory  center  was  entirely  overbalanced  by  the  depression 
produced  by  iodoxybenzoate  (see  Table  VI). 

Hence  iodoxybenzoate  is  not  a  good  antidote  to  the  effects 
observed  with  cyanide,  other  than  control  of  the  respiratory 
center  and  possibly  other  medullary  centers.     Grove  and  Locven- 
hart  consider  that  iodoxybenzoate  causes  depression  of  the  respira-  • 
toi'j-  center  by  increasing  intracellular  oxidation.     Our  evidence 


T.\BI,E  IV. 

Effect  of  Sodium  lodoxyhcnzoale  and  Epinephrine  on  Alkaline  Reserve 

Capacity  of  Whole  Blood  in  Artificially  Respirated  Rabbits. 


.Mka- 

• 

Animal 
No. 

Tinip. 

lino 
reserve 
capac- 
ity. 

Remarks. 

cc. 

135 

10.19  a.m. 

1  gm.  urethane  per  kilo. 

10.45     " 

Started  artificial  respiration  with  tracheotomy. 

10.50     " 

0.69 

11.15     " 

0.65. 

12.00    m. 

0.56 

12.30  p.m. 

0.58 

12.45     " 

Injected  5  cc.  x  '30  Na  iodo'xybenzoate  into  ear 
vein.    Time  20  min. 

1.06     " 

0.57 

13G 

9.30  a.m. 

1  gm.  urethane  per  kilo. 

10.20     " 

Started  artificial  respiration. 

10.50     " 

0.65 

11.10     " 

0.66 

11.30     " 

0.62 

11.41     " 

Injected  5  cc.  x,'90  Na  iodoxybenzoate.  Time 
55  min. 

12.39  p.m. 

0.62 

12.45     " 

Injected  5  cc.  x/90  Na  iodo.xybenzoate.  Time 
30  min. 

1.20     " 

0.60 

1.30     " 

Injected    0.5    cc.    adrenalin    subcutaneously. 

2.30     " 

0.55 

137 

3.00     " 

1  gm.  urethane  per  kilo.                     , 

4.00     " 

Started  artificial  respiration. 

4.15     " 

0.66 

4.30     " 

0.65 

5.00     " 

0.63 

5.05     " 

Injected  5  cc.  x/90  iodoxybenzoate.  Time 
35  min. 

5.45     " 

0.63 

6.00     " 

Injected  5  cc.  N/90  iodoxybenzoate.  Time 
30  min. 

6.34     " 

0.61 

1.39 

10.35  a.m. 

1  gm.  urethane  per  kilo. 

11.25     " 

Started  artificial  respiration. 

12.00    m. 

0.61 

12.15  p.m. 

0.62 

12.30     " 

0.61 

12.45     " 

Injected    0.5    cc.    adrenalin    subcutaneously. 

12.50     " 

Injected  x,  90  iodoxybenzoate.     Time  35  min. 

1.30     " 

0.54 
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is  not  directly  confirmatory  to  this  view,  although  it  may  not 
be  antagonistic  since  there  is  a  possibility  of  a  difference  of  general 
\isceral  susceptibility  in  response  to  iodoxybenzoate  compared 

TABLE  V. 
Effect  of  Sodium  Iodoxybenzoate  on  Alkaline  Reserve  and  Blood  Sugar  Con- 
centration of  Double  Splanchnotomized  Rabbits. 


Animal 
No. 


163 


161 


157 


156 


10.00  a.m. 
10.35     " 


11.15 


10.19 
10.40 


11.15 

8.00 
8.30 


9.15 


4.00  p.m. 
4.25     " 
5.00     " 


Alka- 
line 
reserve 
capac- 
ity. 


cc. 

0.76 


0.81 


0.76 


0.46 


Blood 
sugar 
per  cc. 


mg. 

1.59 


1.03 


1.32 


Blood 

sug.ar 
rise. 


0.04 


2.03 


1.17 


1.71 
1.29 
1.90 


0.71 


0.54 


0.61 


Remarks. 


Injected  n/90  Na  iodoxyben- 
zoate. Time  36  min.  Res- 
piration was  depressed;  but 
there  was  at  no  time  apnea. 


Injected  20  cc.  x/90  Na  iodoxy- 
benzoate. Time  30  min. 
Complete  cessation  of  respira- 
tion several  times  during 
period  of  injection. 


Injected  18  cc.  n/90  Na  iodoxy- 
benzoate. Time  40  min. 
Complete  cessation  of  respira- 
tion several  times  during 
period  of  injection. 


Injected  as  in  Animal  157. 


to  the  medullary  center  responses  as  shown  by  Loevenhart  and 
Eyster  (14)  to  be  true  in  the  case  of  the  heart. 

The  question  of  ether  hyperglycemia  has  been  extensively 
studied  with  the  investigators  being  unable  to  reach  an  agreement 
in  opinion.     Keeton  and  Ross  (15)  claim  that  ether  hypergly- 
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cemia  is  abolished  after  double  splanciinotomy  in  dogs;  while 
Stewart  and  Rogoff  (IG)  claim  that  it  is  obtained  after  right 
adrcnalectomj-  and  left  splanchnotomy  in  cats,  and  after  double 
adrenalectomy  in  rabbits.  Fujii  (17)  found  hyperglycemia  in 
rabbits  after  double  splanchnotomy,  but  less  than  in  the  normal 
controls.  We  used  ether  anesthesia  in  double  splanchnotomized 
and  left    adrenalectomized-right    splanchnotomized    rabbits   by 

TABLE  VI. 
Effect  of  Injection  of  Sodium  Cyanide  and  Sodium  Todoxybenzoate  on  Alkaline 
Reserve  Capacity  and  Blood  Sugar. 


Animal 
No. 

Time. 

Allva- 

line 

reserve 

capac- 
ity. 

Blood 
sugar 
per  cc. 

Blood 
sugar 
rise. 

Reraarka. 

cc. 

nig. 

mg. 

140 

8.30 
9.00 

9.45 

a.m. 
it 

0.75 
0.32 

1.41 
2.36 

0.95 

Injected  mixture  of  NaCN  and 
Na  iodoxybenzoate  into  ear 
vein.  Time  30  min.  Kept 
respiration  at  normal  rate. 

141 

1.00 
1.30 
2.05 

p.m. 
ti 

a 

0.70 
0.24. 

1.40 
2.29 

0.S9 

Injected  solution  as  in  No.  140. 

142 

3.05 
3.30 

11 

0.71 

1.35 

Injected  mixture  of  cyanide  and 
iodoxybenzoate  with  predomi- 
nance of  iodoxybenzoate  effect 
on     the     respiratory     center. 

4.10 

tt 

0.30 

1.95 

0.60 

Some  cyanide  convulsions  were 
observed. 

the  ordinary  towel  method  of  administration  of  ether  to  determine 
whether  the  ether  action  is  central  or  peripheral.  The  advantage 
in  cutting  the  splanchnics  on  one  side  and  extirpating  the  adrenal 
on  the  other  as  pointed  out  by  Stewai't  and  Rogoff  is  that  the 
innervation  of  the  liver  is  not  seriously  interfered  with  as  in 
double  splanchnotomy,  and  at  the  same  time  the  effect  of  adrenal 
intermediation  is  eliminated,  since  the  remaining  gland  is  de- 
nervated.     The    evidence    obtained  indicates  that  ether  is  gly- 


A.  L.  Tatum  and  A.  J.  Atkinson  341 

cogonolj-tic  in  such  animals  essentially  like  imoperated  animals, 
and  hence  that  the  action  is  peripheral,  confirming  Stewart  and 
Eogoff.    See  Tables  VII  and  VIII. 

Since  with  the  use  of  the  towel  method,  there  is  the  possibility 
of  asph>-xia  due  to  lack  of  oxj-gen  supply  to  the  lungs,  we  intro- 
duced a  catheter  into  the  trachea  and  then  gave  ether  by  con- 
tinuous insufflation.  The  results  were  essentially  the  same  in 
operated   and   unoperated  animals.     See  Tables  IX   and  X. 

This  shows  that  ether  hyperglycemia  is  not  essentially  central, 
but  is  predominantly  a  peripheral  action.  The  same  operated 
animals  did  not  respond  to  quinine  nor  to  picrotoxin  but  did  to 
epinephrine.  The  failure  to  respond  to  quinine  and  picrotoxin 
shows  that  the  operations  were  successful  for  the  ehmination  of 
central  stimulation  of  the  glycotaxic  center,  since  quinine  (18) 
and  picrotoxin  (19)  produce  hyperglycemia  by  central  stimulation. 
The  normal  response  to  epinephrine  shows  that  the  Uver  is  not 
deficient  in  glycogen. 

Acidosis  has  commonly  been  considered  the  cause  of  ether 
hyperglycemia.  Therefore  we  suppose  that  if  this  is  true,  a 
preexisting  acidosis  should  cause  the  ether  glycogenolysis  to  be 
much  more  marked,  because  here  we  have  depletion  of  the  alka- 
line reserve  materials  within  the  cells  to  start  with  since  the 
reserve  of  the  cell  would  be  drawn  on  in  cases  of  diminished 
capillary  blood  reserve  and  hence  there  would  be  far  less  resistance 
to  the  production  of  acidosis  by  ether.  We  find  no  significant 
synergism,  but  summation  or  slightly  higher  sugar  changes  than 
in  normal  controls  (see  Table  XI).  Loevenhart  (20)  considers 
that  acids  depress  intracellular  oxidation  and  that  alkalies  increase 
intracellular  oxidation.  The  shghtly  higher  sugar  changes  than  in 
controls  without  acids  might  be  considered  to  be  due  to  the  de- 
creased intracellular  oxidation  produced  by  acids  plus  that  of 
ether. 

Ether  itseK  produces  both  a  fall  in  alkaline  reserve  capacity 
and  a  rise  in  blood  sugar.  We  found  it  impossible  to  obtain  a 
comparable  sugar  increase  by  acid  administration  even  though 
the  reserve  capacity  was  brought  down  to  a  far  lower  value  than 
it  falls  with  ether  (see  Table  XI).  It  may  be  argued  that  the 
alkaUne  reserve  capacity  does  not  represent  a  true  picture  of 
what  is  going  on  in  the  liver,  and  that  ether  acidosis  is  primarily 
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TABLE  VII. 

Effect  of  Ether  Anesthesia  on  Blood  Sugar  Concentration  of  Normal  Rabbits. 
Ether  Administered  by  the  Ordinary  Towel  Method. 


Animal 
No. 

Blood  sugar  per  cc. 

Blood 
sugar 
rise. 

Remarks. 

Before. 

After. 

anesthetized  for  1  hr. 

mg. 

mo. 

mg. 

1 

1.66 

2.00 

0.34 

2 

1,30 

1.85 

0.55 

4 

1.70 

1.92 

0.22 

5 

0.90 

1.55 

0.65 

6 

1.21 

1.48 

0,27 

9 

1.30 

l.GO 

0.30 

27 
29 

1.40 
1.33 

3.36 
3.15 

1.96 
1.82 

Deep  etherization. 

30 

1.26 

2.30 

1.04 

31 

1.33 

1.56 

0.23 

TABLE  VIII. 

Effect  of  Ether  Anesthesia  on  Blood  Sugar  Concentration  of  Double  Splanch- 
nolomized  Rabbits.     Ether  Administered  on  Towel. 


Animal 
No. 

Blood  sugar  per  cc. 

Blood 
sugar 
rise. 

Remarks, 

Before. 

After. 

Light  etherization. 

mg. 

mg. 

trto. 

10 

1.32 

1.6S 

0.36 

11 

1.44 

1.95 

0.51 

12 

1,23 

1.69 

0,46 

13 

1,23 

2.00 

0.77 

14 

1,63 

1,90 

0,27 

16 

1.21 

1.48 

0,27 

17 

1,27 

1.68 

0,41 

Effect  of  ether  on  blood  sugar  of  rabbits  with  left  adrenalectomy  and 
right  splanchnotomy. 


.> 

18 

1,27 

2.85 

1.58 

19 

1.14 

1.79 

0.65 

20 

1.31 

2.04 

0,73 

21 

1,43 

3.12 

1,69 

22 

1,34 

1.57 

0,23 

TABLE  IX. 

Effect  of  Ether  Anesthesia  by  Continuous  Insiijllation  on  Blood  Sugar  and 

Alkaline  Reserve  Capacity  of  Whole  Blood.    Normal  Rabbits. 


Animal 
No. 

Tinio. 

Alka- 
line 
reserve 

capac- 
it.v. 

Blood 

sugar 
per  cc. 

Blootl 
sugar 
rise. 

Remarks, 

cc. 

mg. 

mg. 

48 

1.37 

1  hr.  ether. 

1.78 

0.41 

52 

1.42 

1  hr.  ether. 

3.57 

2.15 

Deep  etherization. 

53 

1.48 

1  hr.  ether. 

3.40 

1.92 

Deep  etherization. 

55 

1.37 

1  hr.  ether. 

3.16 

1.79 

Deep  etherization. 

56 

1.20 

1  hr.  ether. 

1.95 

0.75 

57 

1.41 

1  hr.  ether. 

1.69 

0.28 

104 

9.30  a.m. 
10.05     " 

0.75 

1.31 

Started  ether  insufflation. 

11.15     " 

0.75 

1.71 

0.40 

12.00    m. 

0.74 

1.91 

0.60 

12.55  p.m. 

0.66 

2.39 

1.08 

105 

9.30  a.m. 
10.15     " 

0.76 

1.14 

Started  ether  insufflation. 

11.00     " 

0.58 

3.13 

1.99 

11.50     " 

0.56 

3.13 

1.99 

106 

9.00     " 
9.35     " 

0.76 

1.05 

Started  ether  insufflation. 

10.35     " 

0.71 

1.80 

0.75 

11.40     " 

0.72 

1.80 

0.75 

12.35  p.m. 

0.70 

1.99 

0.94 

108 

11.50  a.m. 
12.25  p.m. 

0.74 

1.15 

Started  ether  insufflation. 

1.40     " 

0.74 

2.38 

1.23 

2.55     " 

0.74 

2.50 

1.35 

113 

9.15  a.m. 
9.45     " 

0.68 

1.46 

Started  ether  insufflation. 

10.50     " 

0.61 

3.16 

1.70 
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TABLE  X. 

Effect  of  Ether  Anesthesia  by  Continuous  Insufflation  on  Blood  Sugar  Con- 
centration of  Double  Splanchnotomized  and  Left  Adrenal ectomized — 
Right  Splanchnotomized  Rabbits. 


Animal 

No. 


54 


58 


59 


62 


64 


68 


Time. 


8.00  a.m. 

S.20  " 

9.20  " 

1.00  p.m. 

1.30  " 

2.30  " 

5.00  " 

5.20  " 

6.20  " 

2  25  " 

2.30  " 

3.05  " 

3.30  " 

5.35  " 

4.30  " 

4.40  " 

5.40  " 

5.50  " 


65         9.10  a.m. 
9.15     " 
10.15     " 
10.52     " 


2.25  p.m. 
2.45     " 
3.15     " 
3.45     " 
3.55     " 


Blood 
svigar 
per  cc. 

ma. 

Blood 
sugar 
rise. 

mg. 

1.48 

2.66 

1.18 

1.27 

1.52 

0.25 

1  22 

1.74 

0.52 

1.21 

2.13 

0.92 

2.34 

1.13 

2.44 

1.23 

1.35 

1.95 

0.60 

1.24 

1.56 

0.32 

1.82 

0.58 

1.24 

1.47 

0.23 

1.74 

0.50 

Remarks. 


Started  ether  insufflation. 


Started  ether  insufflation. 


Started  ether  insufflation. 


Started  ether  insufflation. 


Started  ether  insufflation. 
Stopped     " 


Started  ether  insufflation. 

Started  ether  insufflation.     Very  light. 
Kther  turned  off.     Gave  air  insufflation. 


hepatic;  but  the  acidosi.s  produced  by  giving  of  acid  by  stomach 
affects  the  portal  system  first  also. 

If    the    glycogenolytic    action   of    ether   is   due   to    acidosis, 
alkali  administration  should  diminish  the  effect  of  ether  as  a 
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glycogenolytic  agent.  Our  results  show  a  suggestive  but  not 
very  convincing  e\ddence  of  diminished  effect  under  alkali  (see 
Table  XII).     The  slight  diminution  of  ether  effect  sometimes 

TABLE  XI. 

Effect  of  1  Per  Cent  HCl  on  Ether  Hyperglycemia  and  Alkaline  Reserve 
Status.    Acid  Administered  by  Stomach  Tube  in  the  Rabbit, 


Animal 
No. 


HCl 


Time 

for 
acid. 


Reserve 
before 
acid. 


Reserve 
before 
ether. 


Reserve 

after 
1  hr.  of 
ether. 


Sugar 

rise  by 

acid. 


Sugar 
rise  by- 
acid 
plus 

ether. 


Remarks. 


a.  Light  ether. 


min. 

cc. 

cc. 

CC. 

mg. 
per  cc. 

73 

70 

65 

0.81 

87 

40 

120 

0.11 

0.38 

94 

61 

120 

0.75 

0.65 

0.56 

0 

0.87 

98 

60 

150 

0.76 

0.50 

0.57 

0 

0.51 

99 

63 

100 

0.54 

0.50 

0.47 

102 

70 

195 

0.74 

0.58 

0.55 

0 

0.57 

112 

90 

240 

0.70 

0.47 

0.44 

0 

0.91 

118 

125 

160 

0.39 

0.37 

0.89 

1.48 

119 

120 

120 

0.67 

0.38 

0.38 

0 

0.75 

120 

160 

195 

0.66 

0.38 

0.31 

0.59 

1.55 

126 

155 

90 

0.44 

0.38 

0.38 

126 

0.50 

0.72 

Next  day  without 
acid. 

b.  Deeper  etherization. 


114 
110 
103 

97 

93 
100 
Continued   ether  in   No.  103  for  3  hrs.,  with  no  further  fall  in  alkaline  re- 


135 

150 

0.37 

0.35 

0.05 

1.39 

110 

210 

0.43 

0.39 

0.22 

1.90 

60 

180 

0.87 

0.58 

0.58 

0 

2.81 

57 

150 

0.81 

0.56 

0.56 

0 

1.40 

63 

110 

0.74 

0.63 

0.65 

0.10 

1.63 

59 

150 

0.78 

0.54 

0.50 

0 

1.60 

serve,  but  with  sugar  rise  of  3.96  over  normal. 


Where  large  amounts  of  acid  were  given,  it  was  diluted  wdth  water  and 
given  in  three  doses  at  various  intervals. 

seen  under  alkali  may  be  regarded  as  being  due  to  alkalies  tend- 
ing to  increase  intracellular  oxidations.  The  work  with  acids 
and  alkalies  thus  indicates  that  acidosis  is  not  the  cause  of  ether 
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Drug  Hyperglycemias 


hyperglycemia,  but  that  decreased  intracellular  oxidation  may 
be  a  factor.  Thus  acidosis  and  increased  glycogenolysis  may  be 
parallel  phenomena,  and  to  a  certain  extent,  manifestations  of 
suboxidation. 

TABLE  XII. 

Effect  of  Alkali  on  Ether  Hyperglycemia  and  Alkaline  Reserve  Status.    Sodium 

Bicarbonate  Administered  by  Stomach  Tube  in  the  Rabbit. 


Animal 
No. 

Sodium 
bicar- 
bonate. 

Time 

for 
alltali. 

Reserve 
before 
alkali. 

Reserve 
before 
ether. 

Reserve 
after 

Ihr.of 
ether. 

Siigar 
rise 
after 
1  hr.  of 
ether. 

Remarks. 

116 
117 
121 
123 

gm. 

2.75 
2.75 
3.00 
4.00 

min. 

235 
260 
195 
230 

cc. 

0.57 
0.75 
0.75 
0.81 

0.74 
0.86 
0.85 
0.90 

cc. 

0.70 
0.77 
0.79 
0.86. 

mg. 
per  cc. 

0.43 
0.65 
0.67 
0.68 

Very  light  ether. 

tt            tc              l( 

TABLE  XIII. 

Effect  of  Epinephrine  on  Alkaline  Reserve  Capacity  of  Whole  Blood  and  Blood 

Sugar  Concentration  in  the  Rabbit.    Control  Series. 


Animal 

Blood  sugar  per  cc. 

Blood 
sugar 
rise. 

Alkaline  reserve 
capacity. 

Remarks. 

0.5  cc.  adrenalin  injected 

in  every  experiment. 

Before. 

After  Ihr. 

Before. 

After. 

Readings  after  1  hr. 

mg. 

mg. 

mg.  per  cc. 

cc. 

cc. 

25 

1.33 

2.94 

1.61 

33 

1.41 

3.33 

1.92 

50 

1.43 

3.10 

1.67 

51 

1.62 

3.39 

1.77 

133 

1.40 

3.16 

1.76 

10* 

0.98 

2.51 

1.53 

0.72 

0.55 

11* 

0.94 

2.51 

1.57 

0.62 

0.55 

12* 

1.19 

2.83 

1.64 

0.66 

0.50 

13* 

0.84 

1.74 

0.90 

0.60 

0.56 

14* 

0.94 

2.83 

1.89 

0.60 

0.56 

15* 

0.94 

2.51 

1.57 

0.63 

0.60 

16* 

0.98 

2.06 

1.08 

0.63 

0.60 

*  Reprinted  from  previous  work  (5) . 

In  the  work  on  epinephrine  (5),  it  has  been  shown  that  the 
glycogenolysis  produced  could  not  be  explained  on  the  basis  of 
hepatic  asphyxia  or  acidosis.  If  epinephrine  and  ether  both 
produced  glycogenolysis  by  acidosis  we  should  expect  that  the 
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acidosis  produced  bj'  the  one  would  enable  the  acidosis  produced 
bj'  the  other  to  show  greater  effect  on  glycogenolysis,  since  the 
threshold  for  increased  glycogenolytic  activity  would  have  already 
been  reached.  Therefore,  epinephrine  and  ether  simultaneously 
should  show  a  synergistic  effect  on  the  glycogenolysis  produced, 
if  they  act  by  a  common  mechanism.  On  giving  epinephrine 
and  ether  simultaneously,  we  found  no  demonstrable  synergism 
but  summation  of  glycogenolytic  effects  (see  Tables  XIII  and 

TABLE  XIV. 

Effect  of  Simultaneous  Administration  of  Ether  and  Einnephrine  on  the 

Blood  Sugar  Concentration  in  the  Rabbit. 


Animal 

Blood  sugar  per  cc. 

Blood 
sugar 
rise. 

Remarks. 
0  5  cc.  adrenalin  injected  subcutaneously 

No. 

Before. 

Aiter  1  hr. 

at  start  of  ether  anesthesia. 

mo. 

mg. 

m(7.  -per  cc. 

23 

1.60 

5.00 

3.40 

24 

1.54 

■  4.21 

2.67 

26 

1.47 

3.28 

1.81 

32 

1.49 

2.96 

1.47 

34 

1.29 

3.30 

2.19 

35 

1.36 

2.87 

1.51 

36 

1.60 

5.55 

3.95 

Very  deep  etherizationi 

37 

1.55 

5.10 

3.55 

it                U                               it 

38 

1.33 

3.92 

2.59 

39 

1.38 

3.33 

1.95 

40 

1.29 

4.27 

2.98 

41 

1.55 

2.56 

1.01 

42 

1.38 

3.44 

2.06 

43 

1.45 

3.08 

1.63 

44 

1.60 

3.40 

1.80 

45 

1.37 

2.58 

1.21 

46 

1.21 

2.82 

1.61 

47 

1.48 

3.80 

2.42 

XIV).  This  indicates  that  the  ether  and  epinephrine  each  pro- 
duced their  respective  hyperglycemias  by  independent  actions. 
With  the  idea  of  possibly  throwing  more  light  on  the  mechanism 
of  epinephrine  hyperglycemia,  we  tried  iodoxybenzoate  injection 
during  the  period  of  epinephrine  action  and  found  that  the  alka- 
line reserve  capacity  of  the  blood  may  be  kept  up  or  even  elevated, 
but  the  glycogenolysis  prochiced  by  epinephrine  was  unchanged 
(see  Table  XV). 
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TABLE  XV. 

Effect  ofSodixim  lodoxybemoatc  on  Epinephrine  Hyperglycemia  aifd  Alkaline 
Reserve  Status  in  the  Rabbit. 


Animal 
Xo. 


128 


132 


134 


Time. 


10.20  a.m. 
10.42     " 

10.44     " 


11.34 


3.30  p.m. 

4.05  " 

4.06  " 


Alka 

lino 

reserve 


Blood 

sngiir 


capnc-    per  cc. 
ity. 


Blood 

sugar 


0.70 


4.45 

4.10 

4.22 


5.04 
5.44 


0.68 
0.70 

0.65 
0.72 


0.78 
0.64 


mg. 
1.13 


3.10 

1.49 

2.85 
1.41 

2.72 

3.41 


mg. 
per  cc. 


1.97 


Remarks. 


1.36 


1.31 
2.00 


Injected  0.5  cc.  adrenalin  subcu- 
taneously. 

Injected  10  cc.  n/30  Na  iodoxy- 
benzoate  into  ear  vein.  Time 
46  min. 

Respiration  not  completely  con- 
trolled. 


Injected  0.5  cc.  adrenalin. 
Injected    n/90    iodoxybenzoate. 
Time    44    min.    Intermittent 
■    apnea  and  hyperpnea. 


Injected  0.5  cc.  adrenalin.  In- 
jected 10  cc.  n/90  iodoxyben- 
zoate. 


GENERAL   INTERPRETATION. 

A  summary  comparison  of  the  actions  of  ether,  epinephrine, 
carbon  monoxide,  and  cyanides  on  the  blood  sugar  concentration 
and  alkahne  reserve  capacity  seems  to  be  profitable.  We  have 
demonstrated  that  cyanide  and  carbon  monoxide  (in  other  words 
asphyxia)  produce  a  much  greater  fall  in  reserve  and  much  less 
sugar  rise  than  epinephrine  or  ether.  Since  the  fall  in  reserve 
is  presumably  caused  by  diminished  oxidation,  the  hyperglycemia 
of  ether,  epinephrine,  carbon  monoxid(>,  and  cyanide  cannot  in 
each  case  be  caused  by  diminished  intracclluhu-  oxidation,  if  this 
is  adequately  measured  by  the  alkaline  reserve  capacity.     The 
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fall  in  reserve  should  be  a  measure  of  the  same  diiiunution  of 
oxidation  and  this  same  diminution  of  oxidation  should  lead  to  a 
relatively  definite  glj'cogenolysis,  providing  the  circulatory  and 
respiratory  factors  are  not  sufRciently  altered  as  to  vitiate  our 
interpretation. 

If  this  reasoning  is  logical,  it  then  follows  that  the  hypergly- 
cemia produced  by  ether,  cannot  all  be  accounted  for  on  the  basis 
of  asphyxia  or  acidosis.  In  regard  to  epinephrine  there  is 
absolutely  no  available  evidence  of  any  contributary  action  of 
asphyxia  in  hyperglycemia  production  by  this  drug. 
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ON  OXIDATION  OF  TERTIARY  HYDROCARBONS. 

By  p.  a.  LEVENE  and  F.  A.  TAYLOR. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  2,  1922.) 

Hydrocarbons  with  a  tertiarj'  carbon  atom  have  attracted  httle 
attention.  Few  have  been  prepared  synthetically  and  of  those 
occurring  in  nature  only  a  few  have  been  investigated  from  the 
view-point  of  their  structures.  The  lack  of  interest  in  tliis  group 
of  substances  may  be  due  to  the  belief  in  their  inertness.  How- 
ever, there  is  accumulating  evidence  to  show  that  the  lack  of  re- 
activity of  the  aliphatic  hydrocarbons  is  not  as  great  as  accepted  in 
the  past,  particularly  in  the  case  of  the  hydrocarbons  with  a 
tertiary  carbon  atom.  The  fact  that  3-methyl-pentane  is  capable 
of  decolorizing  a  solution  of  potassium  permanganate  has  been 
knowTi  since  1901.'  The  products  of  oxidation  of  this  substance 
were  not  analyzed. 

A  considerable  nmnber  of  naturally  occurring  substances,  among 
which  are  the  higher  fatty  acids,  are  derivatives  of  tertiary  hy- 
drocarbons. The  knowledge  of  their  structures  depends  on  that 
of  the  structures  of  the  hydrocarbons. 

The  present  work  was  imdertaken  in  1918  in  cooperation  with 
L.  H.  Cretcher.  The  work  was  interrupted  due  to  the  conditions 
of  war  and  at  that  time  a  short  publication  on  the  subject  was  pub- 
lished in  this  Journal.-  Subsequently,  the  work  was  continued  by 
the  present  writers. 

Recently,  the  subject  of  oxidation  of  saturated  h3'drocarbons 
attracted  considerable  attention.  However,  on  the  special  prob- 
lem of  oxidation  of  tertiary  hydrocarbons  no  additional  work  has 
been  reported. 

1  Zelinsky,  N.,  and  Zelikow,  J.,  Ber.  chem.  Ges.,  1901,  xxxiv,  2865. 

2  Levene,  P.  A.,  and  Cretcher,  L.  H.,  Jr.,  J.  Biol.  Chem.,  1918,  xxxiii,  505. 
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The  present  communication  contains  a  report  on  the  synthesis 
of  five  tertiary  hydrocarbons.  Their  properties  are  tabulated 
below.  The  method  of  preparation  was  the  same  as  employed 
in  the  previous  work;  namely,  through  the  malonic  ester  synthesis 
by  the  following  series  of  reactions: 

R,    COOR    R,    COOH    R,  Ri 

\/     _^   ^c^     ->    CH  •  COOH  -^    CH  -  COOR  - 

r/   COOR    R2    COOH    R2  R2 

Ri  Ri  R> 

\hCH20H  -^  CHCH2I  ->         CHCH, 

/  /  / 

r;  r  r^ 

This  tedious  method  of  preparation  was  adopted  because 
paraffins  are  freed  from  impurities  with  great  difficulty  and  there- 
fore can  be  obtained  in  a  sufficient  degree  of  purity  best  by  a  set 
of  reactions  each  simple  in  its  nature  and  when  each  intermediary 
substance  can  be  isolated  and  purified. 

Turning  to  the  oxidation  by  means  of  permanganate  solution 
it  was  found  that  for  .5-methyl-nonane  the  conditions  employed 
by  Levene  and  Crctcher  were  the  most  favorable.  The  higher 
tertiaiy  hydrocarbons,  however,  were  not  odixized  under  identical 
conditioi>s.  The  failure  may  be  due  to  the  lowering  in  solubility 
of  the  hydrocarbons  with  increase  of  their  molecular  weights.  The 
conditions  for  the  oxidation  of  substances  with  higher  molecular 
weights  will  have  to  be  worked  out. 

Among  the  acids  formed  on  oxidation  of  5-methyl-nonane, 
two  were  identified;  namely,  acetic  and  butyric  acids.  The 
presence  of  some  formic  acid  was  detected.  On  the  basis  of  this, 
the  oxidation  seems  to  progress  in  the  main  as  follows: 

CH,  CH, 

CHaCCH,),  CH  -  (CH,)a  CH,  -^  CHaCCH:),  CO  +  CH,(CH.),  COOH  -» 
CH3(CH,)3  CO  -  CHs  -^  CH3(CH.),  COOH  +  CH,  COOH 

General  conclusions  as  to  the  progress  of  oxidation  of  tertiary 
hydrocarbons  will  be  reached  only  after  the  observations  have 
been  extended  to  a  greater  number  of  these  substances. 
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Hydrociirhons. 


Hydrocarbon. 

Boiling  point. 

or 

Nn° 

\T 

;o 

No. 

Temperature. 

Pres- 
sure. 

*'d 

Calcu- 
lated. 

Found. 

1 
2 

3 

4 
5 

3-Mef  hyl-heptane . 
3-I\Iethyl-nonane. 
5-Methyl-nonane. 
5-Propyl-nonane. 
5-IMethy  1-dodecane . 

°C. 

120-122 

165.5-166.5 

164r-166 

204-205 

225.5-227 

mm. 

755 
751 
755 
763 
758 

0.7069 
0.7.354 
0.7319 
0.7559 
0.7576 

1.3980 

1.4126 
1.4116 
1.4228 
1.4244 

39.14 

48.38 
48.38 
57.62 
62.23 

38.92 
48.12 
48.24 
57.25 
62.02 

EXPERIMENT.\L. 

All  melting  and  boiling  point  temperatures  recorded  in  the  fol- 
lowing experiments  were  determined  ^\\\\\  standardized  Anschiitz 
thermometers. 

Diethyl  Eihijl-M donate. — Ethyl  iodide  was  condensed  with 
malonic  ester  in  the  presence  of  sodium  ethylate  as  described  by 
Conrad.'  The  yield  of  substituted  ester  was  83  per  cent  of  the 
theoretical.     It  boiled  at  206-208°C. 

Diethyl  Butyl-Ethyl-Malonate. — This  ester  was  prepared  by 
the  condensation  of  butyl  iodide  and  diethyl  ethyl-malonate. 
Sodium  (12.2  gm.)  was  dissolved  in  absolute  alcohol  (150  cc.) 
and  the  diethyl  ethyl-malonate  added.  Butyl  iodide  (112  gm.) 
was  then  cautiously  introduced  and  the  solution  boiled  on  the 
water  bath  over  night.  After  the  solution  had  become  neutral, 
most  of  the  alcqhol  was  removed  by  distillation.  The  residue  was 
taken  up  in  ether,  filtered  to  remove  the  sodium  iodide,  and  dis- 
tilled. The  ester  boiled  at  128-129°C.  at  7  mm.  The  yield 
was  62  per  cent  of  the  theoretical.  Although  prepared  earlier 
by  Raper''  the  ester  had  not  been  characterized. 

D';  =  0.9646  .  X'J  =  1.4284 

0.0990  gm.  substance :  0.2312  gm.  C0->  and  0.0874  gm.  HjO. 

CaHo^O,.    Calculated.    C  63.93,  H  9.84,  U'°  65.54; 
Found.  "  63.68,  "  9.88,  "     65.13. 


'  Conrad,  I\I.,  Ann.  Chem.,  1880,  cciv,  134. 
'  Rapor,  H.  S.,  J.  Chem.  Soc,  1907,  xci,  1837. 
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Butijl-EthyJrMalonic  Add.— For  the  preparation  of  the  acid, 
the  above  ester  was  not  isolated  but  was  saponified  by  heating 
the  solution  in  which  it  was  formed  \NT:th  a  large  excess  of  sodium 
hydroxide.  After  crystallization  from  high  boiling  gasoline,  the 
acid  melted  at  115°C. 

0.1020  gm.  substance:  0.216S  gm.  C0.>  and  0.0798  gm.  HjO. 
C9H,604.    Calculated.    C  57.44,  H  8.51. 
Found.  "  57.96,  "  8.74. 

2-Ethyl-Hexylic  Acid.— Butyl-cthyl-malonic  acid  was  heated 
at  180°C.  as  long  as  carbon  dioxide  was  evolved  and  the  residue 
distilled.  It  boiled  at  228-229°C.  at  755  mm.  Raper"  found  a 
boiling  point  of  225°C. 

0.1020  gm.  substance:  0.2.500  gm.  CO-,  and  0.1028  gm.  HjO. 
CsHuOa.    Calculated.    C  66.66,  H  11.11. 
Found.  "  66.83,  "  11.28. 

Ethyl  2-Ethyl-Hexylate.— The  acid  was  esterified  in  the  usual 
manner  with  absolute  alcohol  and  sulfuric  acid.  The  yield  was 
91  per  cent  of  the  theoretical.  The  ester  boiled  at  189-191  C. 
at  766  mm. 

D';  =  0.8628  N'd  =  1-^128 

0  1006  gm.  substance:  0.2566  gm.  CO2  and  0.1040  gm.  H2O. 

CioH,oO..    Calculated.    C  69.76,  H  11.62,  M„  50.03. 
Found.  "  69..56,  "   11.56,   "    49.69. 

o.EthylrHexanol.-'Ethxl  2-cthyl-hexylate  was  reduced  by  means 
of  "sodium  and  absolute  alcohol.  The  method  has-been  described 
bv  Levene  and  Cretcher.^  The  yield  of  alcohol  was  78  per  cent 
of  the  theoretical  and  in  addition  to  this  10  per  cent  of  the  ester 
was  recovered  as  2-ethyl-hexylic  acid.  The  alcohol  boiled  at  181- 
183°C.  at  743  mm. 

D';  =  0.8328  •  K  =  ^•■*3-^ 

0  1016  gm.  substance:  0.2752  gm.  CO2  and  0.1070  gm.  H^O. 

OH.sO.    Calculated.    C  73.85,  H  13.85,  M™  40.67. 
Found.  "  73.86,  "  13.77,  "     40.55. 

o-Ethyl-IIexyl  lodide.-This  iodide    was  prepared  by  heating 
the  alcohol  (50  gm.)  with  1.1  equivalents  of  iodine  and  an  excess 
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of  red  phosphorus  at  180°C.  for  1  hour.  The  product  was  washed, 
dried,  and  distilled.  The  yield  was  80  per  cent  of  the  theoretical. 
The  iodide  boiled  at  89-90°C.  at  11  mm. 

D"  =  1.3365 
0.2234 gm. substance:  0.2170 gm.Ag I  (Carius). 

CsHi,!.    Calculated.     I    52.92. 
Foimd.  "   52.48. 

3-^Ie(hyl-Heplane. — The  iodide  was  reduced  ih  glacial  acetic 
acid  with  zinc  dust.  The  solution  was  saturated  -nith  hydrogen 
chloride  and  heated  on  the  water  bath  for  3  days  with  frequent 
introduction  of  small  portions  of  zinc.  The  hydrocarbon  was 
then  distilled  in  a  cm-rent  of  steam,  collected  in  ether,  and  dis- 
tilled with  a  fractionating  column.  It  boiled  at  120-122°C. 
at  755  mm.  Clarke^  found  117.6°C.  The  yield  was  84  per  cent 
of  the  theoretical. 

D'°  =  0.7069  N"  =  1.3980 

0.0965  gm.  substance:  0.2994  gm.  CO2  and  0.1356  gm.  HjO. 

CsHis.    Calculated.    C  84.21,  H  15.79,  M"  39.14. 
Found.  "  84.59,  "  15.72,    "    38.92. 

Diethyl  l-Methyl-Hepiyl-Malo7iate.—l-Methy\-heptyl  iodide 
was  condensed  with  malonic  ester  (1.25  equivalents)  in  the  usual 
manner.  The  j-ield  was  80  per  cent  of  the  theoretical.  The  ester 
boiled  at  157-158°C.  at  10  mm. 

D"  =  0.9496  N"  =  1.4324 

0.1016  gm.  substance :  0.2472  gm.  CO2  and  0.0928  gm.  H2O. 

CisHzaOi.    Calculated.    C  66.18,  H  10.29,  M'J  74.78. 
Found.  "  66.34,   "   10.22,    "    74.36. 

l-Melhyl-Hep(yI-Malonic  Acid. — The  ester  was  saponified  with 
a  large  excess  of  sodium  hydroxide.  The  acid  was  hberated  from 
the  sodium  salt  with  dilute  hydrochloric  acid.  Since  it  could  not 
be  made  to  crystallize,  it  was  collected  in  ether,  dried,  and  the  ether 
removed  by  distillation.  The  residue  was  converted  into  the 
corresponding  substituted  acetic  acid. 

'  Clarke,  L.,  J.  Am.  Chem.  Soc,  1911,  xxxiii,  521. 
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3-MethylrNonylic  Add.— Crude  1-methyl-heptyl-malonic  acid 
was  heated  at  180°C.  as  long  as  carbon  dioxide  was  evolved.  The 
residue  was  then  distilled.     It  boiled  at  147-148°C.  at  12  mm. 

D7  =  0.9012  N;°  =  1.4342 

0.0998 gm. substance:  0.2546 gm. CO.2 and 0.1036 gm. HoO. 

CoHsoOn.    Calculated.    C  69.77,  H  11.6.3,  MJJ  49.92. 
Found.  "  69.57,  "'  11.61,   "     49.72. 

Ethyl  S-Methyl-Nonylate.—The  acid  was  esterified  in  the  usual 
manner  with  alcohol  and  sulfuric  acid.     It 'boiled  at   11.5°C.   at 

13  mm. 

D7*=  0.8653  N™  =  1.4240. 

0  0982  gm.  substance:  0.2,598  gm.  CO2  and  O.IOSO  gm.  H2O. 

CjHmO.,.     Calculated.    C  72.00,  H  12.00,  M™  59.27. 
Found.  "  72.15,   "   12.19,   "     58.98. 

S-Methyl-Nonanol— This  alcohol  was  obtained  by  the  reduction 
with  sodium  and  alcohol  of  the  corresponding  ester.  The  yield 
was  over  90  per  cent.     It  boiled  at  103-103.5°C.  at  9  mm. 

D;"  =  0.8342  K  =  1-^361 

0  1014  gm.  substance:  0.2826  gm.  C0.2  and  0.1296  gm.  H2O. 

C10H22O.     Calculated.     C   75.94,  H  13.92,  AfJ  49.91. 
Found.  "  76.00,   "   14.29,   "      49.53. 

S-MethylrNonyl  7or?;d«.— 3-Methyl-nonanol  was  heated  for  1 
hour  at  180°C.  with  1.1  equivalents  of  iodine  and  an  excess  of  red 
phosphorus.  The  iodide  was  then  washed,  dried,  and  distilled. 
It  boiled  at  115°C.  at  10  mm.     The  yield  was  90  per  cent  of  the 

theoretical. 

D'°  =  1.2515 

0.24.30  gm.  substance:  0.2130  gm.AgI  (Carius). 

C10H21I.     Calculated.     I    47.39. 
Found.  "  47.36. 

S-Methyl-Nonane.— This  hydrocarbon  was  prepared  in  the  same 
manner  as  the  3-methyl-heptane.  It  distilled  at  16.5-16G.5°C. 
at  751  mm. 

D';  =  0.7354  K  =  1-4126 

0  1012  gm.  substance:  0.3140  gm.  CO2  and  0.1420  gm.  H2O. 

C10H22.    Calculated.    C  84.51,  H  15.49,  m;°  48.38. 
Found.  "  84.60,  "    15.70,  "     48.12. 
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2-Butyl-Hexanol.—2-Butyl-hexa.nol  was  prepared  exactly  as 
described  by  Levene  and  Cretcher.^  It  boiled  at  210-212°C.  at 
731  mm. 

2-Butyl-Hexyl  Iodide— The  alcohol  was  heated  at  180°C.  for 
1  hour  with  iodine  and  red  phosphorus,  washed,  di'ied,  and  dis- 
tilled. The  iodide  boiled  at  11.5-1 17°C.  at  8  mm.  Levene  and 
Cretcher^  found  a  boiling  point  of  124-125°C.  at  13  mm. 

0.2070  gm.  substance:  0.1830  gm.  Agl  (Carius). 

C10H21I.    Calculated.    I    47.39. 
Found.  "  47.76. 

5-Methyl-Nonane.—2-Bnty\-hexy\  iodide  was  reduced  ^\ith 
zinc  dust  in  glacial  acetic  acid.  The  process  has  already  been 
described.  The  hydrocarbon  boiled  at  164-166°C.  at  755  mm. 
The  boiling  point  found  by  Levene  and  Cretcher^  was  165°C. 
The  yield  was  80  per  cent  of  the  theoretical. 

D';  =  0.7319  N;°  =  1.4116 

0.1116  gm.  substance:  0.3452  gm.  CO2  and  0.1574  gm.  HoO. 

CoU...    Calculated.    C  84.51,  H  15.49,  M"  48.38. 
Found.  "  84.35,   "  15.78,   "    48.24. 

4.-Buiyl-Octanol.— The  procedure  described  by  Levene  and 
Cretcher=  was  followed  for  the  conversion  of  2-butyl-hexji  iodide 
into  4-butjd-octanol.  The  alcohol  distilled  completely  at  127- 
130°C.  at  8  mm. 

4-Butyl-Ociyl  Iodide.— This  iodide  was  prepared  by  heating  the 
alcohol  nith  iodine  and  red  phosphorus  at  180°C.  It  boiled  at 
145-146°C.  at  10  mm.  Levene  and  Cretcher^  report  143°C. 
at  8  mm.     The  yield  was  92  per  cent  of  the  theoretical. 

0.2090  gm.  substance:  0.1663  gm.  Agl  (Carius). 

CijHjiI.    Calculated.    I    42.91. 
Found.  "  42.87. 

o-Propyl-Nonane. — 4-Butyl-octyl  iodide  was  reduced  with  zinc 
dust  in  glacial  acetic  acid.  The  method  has  already  been  described. 
The  5-propyl-nonane  boiled  at  204-205°C.  at  763  mm.  The 
yield  was  75  per  cent  of  the  theoretical. 

D^  =  0.7559  K;°  =  1.4228 

0.1004  gm.  substance:  0.3112  gm.  CO.  .ind  0.1382  gm.  HiO. 

C12H06.    Calculated.    C  84.71,  H  15.29,  M'J  57.62. 
Found.  "  84.52,  "  15.40,  "     57.25. 
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Diethyl  Bulyl-M donate. —This  ester  was  prepared  by  the  con- 
densation of  malonic  ester  and  butyl  iodide  in  the  usual  manner. 
It  boiled  at  122°C.  at  12  mm.  Adams  and  Marvel"  found  a  boil- 
ing point  of  144-145°C.  at  40  mm.  The  yield  was  75  per  cent  of 
the  theoretical. 

D7  =  0.9745  N;°  =  1.4222 

0  09S8  gm.  substance:  0.2209  gm.  CO2  and  0.0842  gm.  HjO. 

CuHmOi.    Calculated.    C  61.11,  H  9.26,  M^"  56.31. 
Found.  "  60.97,  "  9.53,  "     56.35. 

Diethyl  Butyl-Iie-ptxjl-Malonaie.—lD.  the  usual  manner,  diethyl 
butyl-malonate  (1  equivalent)  was  condensed  with  heptyl  iodide 
(1.1  equivalents).  The  new  ester  boiled  at  177-178°C.  at  12  mm. 
The  jaeld  was  90  per  cent  of  the  theoretical. 

D^  =  0.9318  K  =  1-4366 

0  1002  gm.  substance:  0.2521  gm.  CO2  and  0.1014  gm.  H2O. 

C,8H3,04.    Calculated.    C  68.79,  H  10.83,  M'J  88.63. 
Found.  "  68.61,  "  11.32,  "  '  88.22. 

Butyl-Heptyl-Malonic  Acid.— The  ester  was  saponified  by  heat- 
ing its  alcohoUc  solution  over  night  with  a  large  excess  of  sodium 
hydroxide.  The  acid  crystallized  from  dilute  acetone  in  fine 
needles  which  melted  at  117°C. 

0  1014 gm.  substance:  0.2420  gm.  CO2  and  0.0924 gm.HjO. 
C14H26O4.    Calculated.    C  65.12,  H  10.08. 
Found.  "  65.08,   "   10.19. 

2-Butyl-Nonylic  Aa'd.— Butyl-heptyl-malonic  acid  was  heated 
at  180°C.  as  long  as  carbon  dioxide  was  evolved  and  the  residue 
distilled.     2-butyl-nonylic  acid  boiled  at  179°C.  at  13  mm. 

D"  =  0.8860  N^°  =  1.4403 

0  0993  gm.  substance:  0.2661  gm.  CO2  and  0.1098  gm.  H>0. 

CnHzeOj.    Calculated.    C  72.90,  H  12.15,  M^"  63.77. 
Found.  "  73.08,  "  12.37,   "     63.69. 

Ethyl  S-Butyl-Nonylate.— The  acid  was  esterificd  by  boiling  its 
alcohol  solution  with  sulfuric  acid.  The  ester  distilled  at  115°C. 
at  1  mm. 

«  Adams,  R.,  and  Marvel,  C.  S.,  /.  Am.  Chem.  Soc,  1920,  .\lii,  310. 
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D'°  =  0.8560  Nl°  =  1.4290 

0.0980  gm.  substance:  0.2674  gm.  CO2  and  0.1088  gm.  H2O. 

CisHsoOo.     Calculated.    C  74.38,  H  12.38,  M'°  73.12. 
Found.  "  74.40,   "   12.42,   "    72.89. 

2-Bidyl-Nonanol. — The  ester  was  reduced  in  the  usual  manner. 
The  yield  of  alcohol  was  72  per  cent  of  the  theoretical.  Practically- 
all  the  remainder  was  recovered  as  2-butyl-nonylic  acid.  The 
alcohol  boiled  at  112-114°C.  at  0.5  mm. 

Ty'  =  0.8359  N"  =  1.4430 

0.1013  gm.  substance :  0.2899  gm.  CO2  and  0.1276  gm.  HjO. 

CuHasO.    Calculated.    C  78.00,  H  14.00,  M'^"  63.76. 
Found.  "  78.06,   "   14.09,  "     63.43. 

2-ButyJrNonyl  Iodide. — 2-Butyl-nonanol  was  heated  for  1  hour  at 
180°C.  with  iodine  and  red  phosphorus.  The  product  was  washed 
with  sodium  thiosulfate,  dried,  and  distilled.  It  boiled  at  121- 
123°C.  at  0.5  mm. 

0.2116  gm.  substance:  0.1602  gm.  Agl  (Carius). 

C13H27I.    Calculated.     I  40.97. 
Found.  "  40.90. 

5-Methyl-Dodecane. — This  hydrocarbon  was  prepared  by  the 
reduction  of  the  2-butyl-nonyl  iodide  mth  zinc  dust  in  glacial  acetic 
acid.  It  boiled  at  225.5-227°C.  at  758  mm.  The  yield  was  91 
per  cent  of  the  theoretical. 

D"  =  0.7576  X;°  =  1.4244 

0.1084 gm.  substance:  0.3354  gm.  CO.  and  0.1516  gm.  H.O. 

C13H28.    Calculated.    C  84.78,  H  15.22,  M'J  62.23. 
Found.  "  84.37,   "   15.64,   "     62.02. 

Oxidation  of  5-MeihylrNonane. — The  procedure  for  the  oxida- 
tion of  the  hydrocarbon  was  developed  from  that  described  by 
Levene  and  Cretcher.^  The  material  (5  gm.)  was  shaken  with 
1,500  cc.  of  a  solution  containing  22.5  gm.  each  of  potassium 
permanganate  and  potassium  hydroxide  at  37°C.  The  shaking 
was  continued  for  16  hours.  Hydrogen  peroxide  was  then  added 
until  the  excess  of  permanganate  was  decomposed  and  the  pre- 
cipitated manganese  dioxide  filtered  off.  The  volatile  fatty  acids 
were  separated  from  the  filtrate  by  acidifjing  and  distilling  in  a 
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cun-ent  of  steam  as  long  as  the  distillate  was  acid  to  litmus.  The 
acids  were  neutralized  with  sodium  hydroxide  and  concentrated 
under  diminished  pressure  to  a  volume  of  about  15  cc. 

Since  a  preliminary  experiment  showed  that  the  mixture  of 
acids  obtained  could  not  be  easily  separated  by  crj-stallization  of 
the  silver  salts,  the  procedure  recommended  by  CrowelF  for  the 
separation  of  butyric  and  acetic  acids  was  tested  in  the  follov\ing 
manner:  1  gm.  of  a  mixture  of  2  parts  of  butyric  and  1  part  of 
acetic  acids  was  diluted  to  15  cc,  acidified  with  concentrated  hy- 
drochloric acid,  and  washed  into  a  separatorj-  funnel  with  two 
25  cc.  portions  of  saturated  calcimia  chloride  solution,  containing 
20  gm.  of  potassium  chloride  per  liter,  and  two  25  cc.  portions  of 
kerosene.  After  shaking,  the  layers  were  separated  and  the  kero- 
sene washed  with  10  cc.  of  fresh  calcium  chloride  solution.  The 
kerosene  was  then  extracted  with  sodium  hydroxide,  the  alkaline 
solution  acidified  and  exiracted  wth  ether.  The  ethereal  solution 
was  treated  with  a  few  drops  of  anmionimn  hydroxide  and  allowed 
to  evaporate  over  night.  The  residue  should  contain  the  am- 
monium salt  of  the  butyric  acid. 

The  calcium  chloride  solution  was  also  extracted  with  ether  and 
the  ammonium  salt  prepared  in  the  same  manner.  The  residue 
should  contain  ammonium  acetate. 

These  ammonium  salts  were  washed  separately  into  flasks  and 
treated  with  saturated  silver  nitrate  solution.  The  precipitates 
formed  were  crj-stallized  from  small  amounts  of  water  and  analyzed. 

Butyrate  fraction: 

0.1422  gin.  substance  on  ignition:  0.0790  gm.  Ag. 

CiHTOjAg.    Calculated.    Ag  55.4. 
Found.  "     55.6. 

Acetate  fraction: 

0.2216  gm.  substance  on  ignition :  0.1370  gm.  Ag. 

CjHsOjAg.     Calculated.    Ag  64.7. 
Found.  "     61.8. 

It  is  apparent  that  butyric  acid  can  be  obtained  in  a  pure  state 
from  such  a  mixture  but  that  acetic  acid  will  be  contaminated 
by  a  comparatively  large  proportion  of  the  higher  fatty  acid. 

The  mixture  of  salts  of  the  fatty  acids  obtained  from  the  oxida- 
tion of  20  gm.  of  5-methyl-nonane  was  therefore  concentrated 

'  Crowell,  R.  D.,  /.  Am.  Chcm.Soc,  1918,  xl,  453. 


p.  A.  Levene  and  F.  A.  Taylor  361 

to  about  15  cc.  and  fractionated  by  means  of  the  kerosene  ex- 
traction in  the  presence  of  the  saturated  calcium  chloride  solution. 
There  were  obtained  1.5  gm.  of  silver  salt  from  the  butyrate  frac- 
tion and  1.4  gm.  from  the  acetate  fraction. 

The  butyrate  fraction  was  crystaUized  from  water  and,  after 
filtering,  alcohol  added  to  the  mother  liquor.  The  top  fraction 
(I)  weighed  1.3  gm.  and  the  lower  fraction  (II),  0.1265  gm.  They 
were  both  analyzed. 

Fraction    I.  0.1014  gm.  substance  on  ignition:  0.05.59  gm.  Ag. 
"  II.  0.1265  "  "  "         "         0.0699  "      " 

CiHjOjAg.    Calculated.  Ag  55.4. 

Found,  Fraction    1.     "     55.1. 
II.     "     55.3. 

Fraction  I  was  dissolved  in  dilute  sulfuric  acid,  the  fatty  acid 
extracted  with  ether,  and  the  ammonimn  salt  prepared  as  before. 
The  residue  was  treated  with  one-half  the  calculated  quantity  of 
silver  nitrate  and  the  precipitate  (Fraction  la,  0.2  gm.)  filtered 
off.  A  second  fraction  was  obtained  from  the  filtrate  by  the  ad- 
dition of  an  excess  of  silver  nitrate  (Fraction  16,  0.0519  gm.). 

Fraction  la.  0.1001  gm.  substance  on  ignition:  0.0556  gm.  Ag. 
16.  0.0519  "  "  "  "         0.0283  "       " 

CiHtOoAs.     Calculated.  Ag  55.4. 

Found,  Fraction  la.     "     55.5. 
"  "        16.     "     54.5. 

The  butyrate  fraction  was  therefore  practically  pure  silver 
butyrate. 

The  acetate  fraction  was  also  crystallized  from  water.  When 
the  solution  was  heated  there  was  marked  blackening,  indicating 
the  presence  of  silver  formate.     Five  fractions  were  obtained: 

Fraction  I,  0.6  gm.;  Fraction  II,  0.3  gm.;  Fraction  III,  0.2  gm.;  Frac- 
tion IV,  0.0104  gm. ;  and  Fraction  V,  0.3  gm. 

They  were  all  analyzed: 

Fraction      I.  0.1043  gm.  substance  on  ignition:  0.0639  gm.  Ag. 
II.  0.1008  "  "  "  "         0.0597  "       " 

III.  0.1001   "  "  "  "         0.0583  "       " 

IV.  0.0104  "     "     "    "    0.0063  "   " 
V.  0.1007  "     "     "    "    0.0633  "   " 
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CaHaO^Ag. 

Calculated. 

Ag  64.7. 

CaHsOoAg. 

a 

"     59.7. 

C4H702Ag. 

it 

"     55.4. 

Found, 

Fraction 

I. 

"     61.3. 

<( 

a 

II. 

"     59.2. 

t( 
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III. 

"     58.2. 

it 

u 

IV. 
V. 

"     60.5. 

"     62.9. 

In  order  to  determine  .the  amount  of  destruction  of  the  fatty- 
acids  by  permanganate,  both  acetic  and  butyric  acids  were  sep- 
arately subjected  to  the  conditions  of  the  oxidation  of  the  hydro- 
carbon. Acetic  acid  was  not  attacked,  since  there  was  no  loss  of 
permanganate  in  24  hours.     The  butyric  acid  was  slowly  oxidized. 

1  gm.  of  butyric  acid  was  shaken  with  1,500  cc.  of  alkaline  per- 
manganate for  16  hours  at  37°C.  and  the  fatty  acids  produced, 
isolated  as  before. 

The  butyrate  fraction  weighed  0.15  gm. 

0.1004  gm.  substance  on  ignition:  0.0553  gm.  Ag. 

CiH702Ag.    Calculated.    Ag  55.4. 
Found.  "     55.1. 

From  the  acetate  fraction  0.4  gm.  were  recovered:  Fraction  I, 
0.3  gm. ;  and  II,  0.1  gm. 

Fraction    I.  0.1004  gm.  substance  on  ignition:  0.0621  gm.  Ag. 
II.  0.1047  "  "  "  "         0.0605  "       " 

C2H302Ag.    Calculated.  Ag    64.7. 

Found,  Fraction    I.     "     61.9. 
II.     "     57.S. 


STUDIES  IN  INORGANIC  METABOLISM. 

I.     INTERRELATIONS  BETWEEN  CALCIUM  AND    MAGNESIUM 
METABOLISM.* 

By  L.  jean  BOGERT  and  ELIZABETH  J.  McKITTRICK. 

{From  the  Department  of  Food  Economics  and  Nutrition,  Kansas  Slate 
Agricultural  College,  Manhattan.)  ' 

(Received  for  publication,  July  14,  1922.) 

Although  considerable  data  have  been  gathered  on  the  metab- 
oUsm  of  the  ash  constituents,  the  literature  concerning  the 
interrelations  between  calcium  and  magnesium  metaboUsm  is  very 
limited.  This  experiment  was  undertaken  to  ascertain  whether  an 
increased  intake  of  calcium  would  affect  the  urinary  and  fecal 
excretion  of  magnesium  and  vice  versa,  thus  showing  interrelations 
between  the  metabohsm  of  these  two  elements. 

The  injection  of  calciimi  salts,  according  to  observations  of 
Mendel  and  Benedict  on  dogs,  cats,  and  rabbits  fl),  was  followed 
by  increased  elimination  of  magnesium  in  the  urine  and  similarlj^ 
the  injection  of  a  magnesium  salt  increased  the  output  of  urinary 
calcium  (2).  Givens  (3)  found  that  the  ingestion  by  human 
subjects  of  calcium  in  the  form  of  raw  milk,  dried  milk,  or  calcium 
lactate  (about  1.5  to  5  gm.)  caused  an  increased  urinary  calcium, 
while  the  ingestion  of  magnesium  citrate  (1  to  2.5  gm.)  apparently 
had  no  effect  on  the  urinary  magnesium.  Calciuni  lactate  was  less 
effective  than  milk  in  this  respect.  Underhill,  Honeij,  and  Bogert 
(4)  foimd  that  the  ingestion  of  calciiun  lactate  (2  gm.)  increased 
the  urinary  calcium  but  not  the  urinarj'  magnesiimi,  wlule  the 
same  amount  of  magnesium  citrate  taken  by  mouth  increased  the 
m-inarj'  magnesium  but  not  the  urinary  calcium. 

Malcolm  (5)  has  presented  evidence  to  show  that  ingestion  of 
soluble  magnesiimi  salts  causes  a  loss  of  calciimi  in  adult  dogs  and 

*  The  expenses  of  the  experiments  described  in  this  and  the  two  following 
papers  were  partially  met  by  a  grant  from  the  National  Research  Council. 

363 


364         Studies  in  Inorganic  ^Metabolism.     I 

hin(k>rs  its  deposition  in  youne;  rats,  wliile  solul)lo  calcium  salts  do 
not  in  the  same  way  promote  the  excretion  of  magnesium.  Under- 
hill,  Honeij,  and  Bogert  (4)  found  evidence  to  show  that,  with 
normal  human  subjects  in  negative  calcium  balance,  calcium 
lactate  taken  by  mouth  causes  the  balance  to  become  positive. 
The  negative  balance  was  resmned  upon  the  ^vithdrawal  of  the 
added  calcium.  The  increased  calcium  intake  showed  little  or  no 
influence  upon  the  magnesium  balance.  Increasing  the  intake  of 
magnesium  changed  a  slightly  negative  magnesium  balance  to  a 
strongly  positive  one  without  much  influence  upon  the  calcium 
balance. 

Since  conclusions  as  to  interrelations  between  calcium  and 
magnesium  metabolism  must  be  based  upon  experiments  in  which 
the  intake  has  been  carefully  controlled  and  the  urinary  and  fecal 
output  of  these  two  elements  has  been  accurately  determined,  there 
seemed  need  of  more  extended  metabolic  studies  in  tliis  field. 
These  investigations  were  carried  out  on  human  subjects  in  the 
hope  that  the  evidence  thus  obtained  would  be  of  greater  useful- 
ness and  interest  than  if  lower  animals  had  been  used  as  subjects. 

EXPERIMENTAL. 

Four  healthy  young  women,  two  teachers,  one  student,  and  one 
secretary,  lived  for  16  days  on  an  absolutely  uniform  diet.  They 
were  weighed  at  the  beginning  of  the  experiment  and  at  the  end  of 
each  4  day  period.  A  record  was  kept  of  any  conditions,  such  as 
digestive  disturbances  or  the  menstrual  period,  which  might  affect 
the  experiment.  A  mixed  diet  was  selected  which  was  expected  to 
satisfy  the  requirements  for  energy,  protein,  and  ash  constituents. 

Sherman^  has  pointed  out  from  the  results  of  nearly  100  experi- 
ments, that  calcium  ecfiiilibriitm  can  be  maintained  on  amounts 
ranging  from  0.27  to  0.82  gm.,  with  an  average  of  0.45  gm.  of  cal- 
cium per  70  kilos  of  body  weight  per  day.  While  the  magnesium 
requirement.has  never  been  definitely  stated,  it  is  usually  expected 
that  a  chet  furnishing  sufficient  calcium  will  probably  furnish 
sufficient  magnesium,  since  both  elements  are  found  in  about  the 
same  proportion  in  many  foods. 

'  Sherman,  H.  C,  /.  Biol.  Chem.,  1920,  xliv,  21. 
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The  experimental  diets  furnished  0.266  gm.  of  calcium  and  0.275 
gm.  of  magnesium  per  day  for  Subjects  A  and  B,  and  0.309  gm. 
of  calcium  and  0.292  gm.  of  magnesium  for  Subjects  C  and  D.  It 
is  regrettable  that  the  calcium  intake  fell  shghtly  below  the 
theoretical  requirement.  On  analysis  of  the  foods  used,  it  was 
found  that  several  of  these  foods  contained  a  smaller  percentage  of 
calcium  than  had  been  expected  from  the  average  composition  of 
foods  pubhshed  by  Sherman.  The  energy  and  protein  contents  of 
the  diet  were  ample  ■  and  the  actual  intake  of  calcium  was  about  90 
per  cent  of  the  theoretical  requirement. 

The  probabihtj-  that  the  loss  of  alkali  earths  through  the 
intestine  may  be  increased  by  the  presence  of  large  quantities  of 
fat,  is  brought  out  by  Givens.'  For  this  reason,  the  fat  in  the  diet 
was  kept  low  and  uniform  in  amount.  Because  of  the  possibility 
of  its  affecting  the  calcium  output,  the  amount  of  sodium  chloride 
was  also  kept  low  and  uniform. 

The  diet  consisted  of  bread,  butter,  lean  beef,  potatoes,  rice, 
peanut  butter,  apples,  milk,  and  sugar.  All  the  foods  used,  with 
the  exception  of  the  bread  and  meat,  were  purchased  at  the  begin- 
ning of  the  experiment,  to  insure  as  uniform  composition  as  pos- 
sible. The  bread  was  iDOUght  daily  from  the  same  bakery.  The 
meat  was  prepared  at  the  beginning  of  and  twice  during  the 
experiment,  and  a  composite  sample  was  analyzed.  Very  lean 
beef,  from  wliich  practically  all  the  fat  and  connective  tissue  were 
dissected,  was  used.  After  having  been  ground  and  well  mixed, 
it  was  divided  into  100  gm.  portions,  wrapped  in  parafhn  paper 
and  kept  in  cold  storage.  The  potatoes  were  weighed  after  being 
baked  and  peeled.  The  apples  were  cored  before  weighing. 
Each  person's  daily  supply  of  rice  was  weighed  dry  and  cooked  with 
the  day's  supply  of  milk  in  an  individual  container  in  a  pressure 
cooker.  Dried  milk  from  the  Merrell-Soule  Company  was  used, 
in  order  to  secure  milk  of  uniform  composition.  The  milk  powder 
was  accurately  weighed  out  and  made  up  to  a  definite  dilution  with 
distilled  water.  The  dilution  was  chosen  to  approximate  the 
percentage  composition  of  fresh  milk.  The  butter,  bought  in 
quantity,  was  melted  by  heating  for  a  short  time  to  40-45°  C.  and 

=  Subject  D  weighed  more  than  Subject  C  but  her  energy  requirement 
was  known  not  to  exceed  2.200  calories. 

'  Givens,  M.  IL,  J.  Biol.  Cliem.,  1917,  xxxi,  441. 
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allowed  to  stand  until  all  the  water  and  solids  had  settled  out. 
The  pure  fat  was  then  siphoned  off  and  filtered.  The  foods  were 
accurately  weighed  and  the  whole  allowance  was  consumed.  As 
far  as  possible  the  foods  were  eaten  from  the  dishes  in  which  they 
were  cooked  to  avoid  loss  in  transfer.  Only  distilled  water  was 
used  for  drinking  and  for  cooking.  Tea  and  coffee  were  used  in 
moderation,  the  calcium  contained  being  considered  negligible. 
An  effort  was  made  to  secure  a  fairly  uniform  intake  of  liquid 
throughout  the  experiment.  Each  subject  consumed  4  gm.  of 
salt  per  day. 

A  calcium-low  diet  was  consumed  for  4  days  prior  to  the  begin- 
ning of  the  experiment  proper,  and  also  at  the  close  of  the  experi- 

T.\BLE  I. 
Calcium  and  Magnesium  Content  o}  Foods  Used  in  Diets. 


Food. 


Bread 

Beef 

Apples 

Potatoes 

Rice 

Peanut  butter 

Milk 

Calcium  lactate — 
Magnesium  citrate 


Calcium. 


per  cent 

0.041 
O.OOS 
0.004 
0.004 
0.009 
0.033 
0.096 
12.800 


Magnesium. 


per  cent 

0.029 

0.028 
0  009 
0.035 
0.035 
0.162 
0.016 

12.850 


ment  until  the  last  collection  of  the  feces  was  made.  The 
experimental  period  proper  was  divided  into  four  4  day  periods. 
Period  I  represented  normal  calcium  and  magnesium  intake. 
Period  II  represented  magnesiimi-high  and  calcium-normal  intak,e, 
the  magnesium  being  raised  by  adding  to  the  regular  diet  6  gm.  of 
magnesium  citrate  in  three  equal  doses  daily.  Period  III  was 
exactly  like  Period  I.  Period  IV  represented  calcium-high  and 
magnesium-normal  intake,  the  calcium  being  raised  by  adding  to 
the  diet  6  gm.  of  calcium  lactate  in  three  equal  doses  daily. 

The  experimental  periods  were  marked  off  in  the  feces  by  the 
taking  of  carmine  just  before  the  first  meal  of  each  period.  Col- 
lections were  made  in  weighed  pans,  in  which  they  were  later  dried 
to  constant  weight.     The  dried  feces  were  combined  in  periods, 
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■ground,  and  thoroughly  mixed.  The  daily  collections  of  urine 
were  measured,  made  acid,  filtered,  and  combined  into  periods. 
Calcium  in  the  urine  and  feces  was  determined  by  the  IMcCrudden 
method.*  The  magnesium  determinations  and  the  food  analyses 
were  done  according  to  the  Official  JMethods  of  Analysis  of  the 
Association  of  Official  Agricultural  Chemists.^  The  calcium  and 
magnesium  content  of  foods  used  in  the  daily  diet  is  given  in  Table 
I.  A  summary  of  the  daily  food  intake  of  the  various  subjects, 
together  with  the  amounts  of  energy,  protein,  fat,  calcium,  and 
magnesium  furnished  by  the  diets,  is  contained  in  Table  II. 

TABLE  II. 
Daily  Food  Intake. 


Food. 


Beef 

Bread 

Apples 

Rice 

Potatoes 

Butter  fat 

Peanut  butter. 

Milk 

Sugar 


Subjects  A  and  B.    Subjects  C  and  D 


gm. 
100.0 
195.0 

477.0 
54.2 

149.5 
20.0 
33.0 

144.5 
75.0 


am. 
100.0 
208.0 
477.0 

75.0 
149.5 

30.0 

33.0 
ISO.  6 

75.0 


The  diet  for  Subject?  A  and  B  furnished  2,000  calories,  62  gm.  of  protein, 
4S  gm.  of  fat,  0.266  gm.  of  calcium,  and  0.275  gm.  of  magnesium. 

The  diet  for  Subjects  C  and  D  furnished  2,208  calories,  66  gm.  of  protein, 
57  gm.  of  fat,  0.309  gm.  of  calcium,  and  0.292  gm.  of  magnesium. 


DISCUSSION. 

All  the  subjects  remained  in  good  health  and  maintained  their 
weight  throughout  the  experiment.  Subjects  A  and  C  had  some 
trouble  with  constipation.  The  menstrual  period  was  included  for 
all  sulijects  but  apparently  had  no  influence  on  the  excretion  of 
calcium  or  magnesium,  wlrich  is  in  accordance  with  the  more 
extended  work  of  Sherman,  Gillett,  and  Pope'  on  the  monthly 

<  McCrudden,  F.  H.,  J.  Biol.  Chem.,  1909-10,  vii,  83;  1911-12,  x,  187. 

s  These  analyses  were  done  at  the  .Vgricultural  Experiment  Station  of 
the  Kansas  State  Agricultural  College. 

«  Sherman,  H.  C,  Gillett,  L.  H.,  and  Pope,  H.  M.,  J.  Biol.  Chem.,  1918, 
xxxiv,  373. 
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metabolism  of  nitrogen,  phosphorus,  and  calcium  in  healthy 
women. 

In  only  one  instance  was  any  subject  in  positive  calcium  balance 
in  either  the  first  or  third  periods,  but  the  negative  balances  were 
very  small,  indicating  that  the  calcium  requirement  had  been 
almost  met.  Judging  from  the  total  excretion  and  the  amount 
of  negative  balance,  the  calcium  requirements  of  the  four  subjects 
would  seem  to  range  from  about  0.27  to  0.42  gm.  per  day.  This 
corresponds  closely  to  the  theoretical  requirements,  based  on 
Sherman's  estimate  of  the  average  calcium  requirement,^  which 
ranged  from  0.30  to  0.36  gm.  per  day. 

On  examination  of  the  magnesium  balances  it  is  apparent  that 
the  magnesium  requirement  was  met  in  every  instance  during  the 
first  or  normal  period.  Based  on  total  excretion  and  positive 
balances  of  the  first  period,  the  magnesium  requirement  of  the 
four  subjects  would  range  from  0.10  to  0.20  gm.  per  day.  This 
would  seem  to  indicate  that  the  magnesium  requirement  of  the 
body  may  be  somewhat  lower  than  the  calcium  requirement. 

Conclusions  concerning  normal  magnesium  metabohsm  can  be 
based  only  on  the  first  period,  since  the  greatly  increased  intake 
of  magnesium  during  the  second  period  has  very  evidently  caused 
an  abnormally  high  magnesium  excretion  in  Period  III.  On 
account  of  the  possible  interrelations  between  calciimi  and 
magnesium  metabolism,  it  is  impossible  to  consider  the  excretion 
of  calcium  in  Period  II  or  that  of  magnesium  in  Period  IV  as 
normal.  Because  of  these  facts,  Period  I  has  been  taken  as  the 
normal  period  for  comparison  in  drawing  conclusions  with  regard 
to  the  experimental  periods. 

In  considering  the  first  period  alone  (see  Tables  III  and  IV),  two 
of  the  four  subjects  show  urinary  magnesium  to  be  less  than 
urinary  calcium,  while  the  other  two  show  urinary  calcium  to  be 
less  than  urinary  magnesium.  Subjects  A  and  B  were  consistent 
in  the  magnesium  greater  than  calcium  ratio  throughout  the 
experiment,  ^nth  the  exception  of  Subject  B  in  the  last  period. 
This  was  the  high  calcium  period  and  the  ingestion  of  large  doses 
of  calcium  probably  was  responsible  for  the  disturbance  of  the 
ratio.  Subject  D  shows  urinary  calcium  higher  than  urinary 
magnesium  in  all  four  periods,  while  Subject  C-  shows  the  same 
relation  in  all  except  the  second  and  third  periods,  where   the 
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urinary  magnesium  has  been  greatly  increased  by  the  ingestion 
of  the  large  doses  of  magnesium  in  Period  II.  These  results  do 
not  seem  to  be  in  agreement  with  the  statement  of  Givens  (3)  that 
urinary  calcium  is  greater  than  urinary  magnesimn  normally  in 
most  cases,  nor  do  they  bear  out  the  1 :1  ratio  suggested  by  several 
writers.  They  tend  to  confirm  the  observations  of  Nelson  and 
Burris  (6),  who  conclude  that  either  calcium  or  magnesium  maybe 

TABLE  III. 

Average  Daily  Intake  a7id  Output  of  Calcium. 


Subject. 

Body 
weight. 

Period. 

Output. 

Intake. 

Balance. 

Urine. 

Feces. 

Total. 

k3. 

gm. 

gm. 

gm. 

gm. 

gm. 

A 

47.3 

Normal 

0.064 

0.177 

0.241 

0.266 

-1-0.025 

Mg-high. 

0.065 

0.185 

0.250 

0.266 

-1-0.016 

Normal. 

0.072 

0.229 

0.301 

0.266- 

-0.035 

Ca-high. 

0.105 

0.926 

1.031 

1.035 

-1-0.004 

B 

51.4 

Normal. 

0.071 

0.245 

0.316 

0.266 

-0.050 

Mg-high. 

0.112 

0.215 

0.327 

0.266 

-0.061 

Normal. 

0.077 

0.215 

0.292 

0.266 

-0.026 

Ca-high. 

0.168 

0.882 

1.050 

1.035 

-0.015 

C 

56.1 

Normal. 

0.112 

0,244 

0.356 

0.309 

-0.047 

Mg-high. 

0.169 

0.269 

0.438 

0.309 

-0.129 

Normal. 

0 .  127 

0.313 

0.440 

0.309 

-0.131 

Ca-high. 

0.167 

0.599 

0.766 

1.078 

-t-0,312 

D 

86. S 

Normal. 

0.167 

0.205 

0.372 

0.300 

-0.063 

Mg-high. 

0.182 

0.223 

0.405 

0.309 

-0.096 

Normal. 

0.183 

0.183 

0.366 

0.309 

-0.057 

Ca-high. 

0.246 

0.786 

1.032 

1.078 

-f0.046 

in  excess  in  the  urine,  and  whichever  predominates  does  so  consis- 
tently in  each  individual. 

The  fecal  magnesium  is  less  than  the  fecal  calcium  in  all  four 
cases  during  the  first  period,  the  ratio  varv-ing  from  1 : 1.2  to  1 : 2.2. 
The  total  magnesium  excretion  is  less  than  the  total  calcium 
excretion  in  all  four  cases,  the  ratio  varying  from  1:1.2  to  1:1.8. 
This  .supports  the  statement  of  Givens  and  Mendel,  (7)  that  cal- 
cium in  the  feces  is  alwaj's  in  excess  of  magnesium. 
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The  ratio  of  the  magnesium  found  in  the  m-ine  to  that  found  in- 
the  feces  varies  from  1:1.1  to  1:2.5,  while  the  ratio  of  urinary 
calcium  to  fecal  calcium  varies  from  1: 1.2  to  1:3.4.  The  magne- 
sium shows  quite  a  varied  distribution  but  corresponds  rather 
closely  to  the  ratio  of  1:2  as  given  by  Underhill,  Honeij,  and 
Bogert  (4),  while  the  calcium  distribution  confirms  their  statement 
concerning  a  wide  variation  in  the  relation  of  calcium  in  the  urine 
and  feces  of  normal  individuals. 

TABLE  IV. 
Daily  Intake  and  Output  of  Magnesium. 


Subject. 

Body 
weight. 

Period. 

Output. 

Intake. 

Balance. 

Urine. 

Feces. 

Total. 

kg. 

gm. 

gm. 

gm. 

gm. 

gm. 

A 

47.3 

Normal. 

0.072 

0.132 

0.204 

0.275 

4-0.071 

Mg-high. 

0.217 

0.385 

0.602 

1.046 

-1-0.444 

Normal. 

0.225 

0.376 

0.601 

0.275 

-0.326 

Ca-high. 

0.123 

0.195 

0.318 

0.276 

-0.043 

B 

51.4 

Normal. 

0.100 

0.112 

0.212 

0.275 

+0.063 

Mg-high. 

0.184 

0.617 

0.801 

1.046 

+0.245 

Normal. 

0.126 

0.187 

0.313 

0.275 

-0.038 

Ca-high. 

0.076 

0  164 

0.240 

0.275 

+0.035 

c 

56.1 

Normal. 

0.080 

0.113 

0.193 

0.292 

+0.099 

Mg-high. 

0.188 

0.633 

0.821 

1.063 

+0.242 

Normal. 

0.182 

0.271 

0.453 

0.292 

-0.161 

Ca-high. 

0.118 

0.129 

0.247 

0.292 

+0.045 

D 

86. 8 

Normal. 

0.070 

0.176 

0.246 

0.292 

+0.046 

Mg-high. 

0.153 

0.753 

0.906 

1.063 

+0.157 

Normal. 

0.090 

0 .  175 

0.265 

0.292 

+0.027 

Ca-high. 

0.067 

0.190 

0.257 

0.292 

+0.035 

The  percentage  of  the  calcium  intake  excreted  through  the  feces 
in  the  first  three  periods  ranged  from  59  to  101  with  an  average  of 
78  per  cent.  The  percentage  of  calcium  intake  excreted  through 
the  urine  in  the  first  three  periods  ranged  from  24  to  59,  with  an 
average  of  40  per  cent  (Table  V).  The  large  percentage  of 
calcium  excreted  by  way  of  the  urine  is  noteworthy,  especially 
in  Subjects  C  and  D.     The  percentages  of  magnesium  intake 
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excreted  by  way  of  the  urine  and  feces  in  the  different  periods  are 
given  in  Table  VI.  Due  to  the  fact  that  the  magnesium  excretion 
was  disturbed  in  a  number  of  cases  for  several  periods  by  the  large 
doses  of  magnesium  citrate  ingested  in  the  second  period,  it 
seems  unwise  to  draw  conclusions  as  to  the  normal  distribution 
of  magnesium  between  urine  and  feces  from  these  figures. 

The  addition  of  6  gm.  of  magnesium  citrate  to  the  regular  diet 
during  the  second  period  increased  the  urinarj'  and  fecal  magne- 

TABLE  V. 
Distribution  of  Calcium  in  Urine  and  Feces. 


Subject. 

Period  I. 

Period  II. 

Period  III. 

Period  IV. 

gm. 

per  cent 

gm. 

per  cent 

gm. 

per  cent 

gm. 

percent 

A 

Ca  intake. 

0.266 

0.266 

0.266 

1.035 

Urine. 

0.064 

24.1 

0.065 

24.4 

0.072 

27.0 

0.105 

10.1 

Feces. 

0.177 

66.5 

0.185 

69.6 

0.229 

86.1 

0.926 

89.5 

Total. 

0.241 

90.6 

0.250 

94.0 

0.301 

113.1 

1.031 

99.6 

B 

Ca  intake. 

0.266 

0.266 

0.266 

1.035 

Urine. 

0.071 

26.7 

0.112 

42.1 

0.077 

28.9 

0.168 

16.2 

Fece.s. 

0.245 

92.1 

0.215 

80.8 

0.215 

80.8 

0.882 

85.2 

Total. 

0  316 

118.8 

0.327 

122.9 

0.292 

109.7 

1.050 

101.4 

C 

Ca  intake. 

0.309 

0.309 

0.309 

1.078 

Urine. 

0.112 

36.2 

0.169 

54.7 

0.127 

41.1 

0.167 

15.5 

Feces. 

0.244 

78.9 

0.269 

87.0 

0  313 

101.3 

0.599 

55.5 

Total. 

0.356 

115.1 

0.438 

141.7 

0.440 

142.4 

0.766 

71.0 

D 

Ca  intake. 

0.309 

0.309 

0.309 

1.078 

Urine. 

0.167 

,54.0 

0.182 

58.9 

0.183 

59.2 

0.246 

22.8 

Feces. 

0.205 

66.3 

0.223 

72.2 

0.183 

59.2 

0.786 

72.9 

Total. 

0.372 

120.3 

0.405131.1 

0.366 

118.4 

1.032 

95.7 

sium  in  all  four  cases  to  quite  an  appreciable  degree.  The  per- 
centage of  increase,  based  on  the  first  or  normal  period,  varied  from 
80  to  200  in  the  urine  and  from  190  to  460  in  the  feces.  This  same 
period  of  high  magnesium  intake  showed  an  increase  in  the  urinary 
calcium  in  three  out  of  four  cases,  the  increase  ranging  from  9  to 
57  per  cent.  The  fecal  calcium  was  also  increased  by  the  added 
magnesium  in  three  out  of  four  cases,  but  to  a  lesser  degree,  the 
percentage  increase  ranging  from  4.5  to  10.  The  total  calcium 
excretion  of  this  period,  however,  was  increased  in  all  four  cases, 
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the  percentage  of  increase  varying  from  3.3  to  23  per  cent.  It  is 
interesting  to  note  that  Subject  B,  who  showed  a  shght  loss  in  fecal 
calcium  during  this  period  of  high  magnesium  intake,  showed  the 
largest  percentage  gain  in  urinary  calcium  during  this  same  period, 
indicating  that,  in  this  subject,  the  increased  calcium  output  was 
excreted  chiefly  through  the  urine.  Contr.ary  to  the  results  of 
Givens  (3),  who  was  unable  to  get  an  increased  urinary  output  of 
magnesium  by  the  ingestion  of  magnesium  citrate,  the  results  of 

TABLE  VI. 

Distribution  of  Magnesium  in  Urine  and  Feces. 


Subject. 

Period  I. 

Period  II. 

Period  III. 

Period  IV. 

gm. 

per  cent 

gm. 

per  cent 

em. 

percent 

gm. 

percent 

A 

Mg  intake. 

0.275 

1.046 

0.275 

0.275 

Urine. 

0.072 

26.2 

0.217 

20.7 

0.225 

81.8 

0.123 

44.7 

Feces. 

0.132 

48.0 

0.385 

36.8 

0.376 

136.7 

0.195 

70.9 

Total. 

0.204 

74.2 

0.602 

57.5 

0.601 

218.5 

0.318 

115.6 

B 

Mg  intake. 

0.275 

1.046 

0.275 

0.275 

Urine. 

0.100 

36.3 

0.1S4 

17.6 

0.126 

45.8 

0.076 

27.6 

Feces. 

0.112 

40.7 

0.017 

58.9 

0.187 

68. 0 

0.164 

59.6 

Total. 

0.212 

77.0 

O.SOl 

76.5 

0.313 

113.8 

0.240 

87.2 

C 

Mg  intake. 

0.292 

1.063 

0.292 

0.292 

Urine. 

0.080 

27.4 

0.188 

17.7 

0,182 

62.3 

0.118 

42  9 

Feces. 

0.113 

38.6 

0.633 

59.5 

0.271 

92.7 

0.129 

46.9 

Total. 

0.193 

66.0 

0.821 

77.2 

0.453 

155.0 

0.247 

89.8 

D 

Mg  intake. 

0.292 

1.063 

0.292 

0.292 

Urine. 

0.070 

23.9 

0.1.53 

14.4 

0.090 

.30.7 

0.067 

24.3 

Feces. 

0.176 

60.2 

0.753 

70.8 

0.175 

59.9 

0.190 

69.1 

Total. 

0.246 

84.1 

0.906 

85.2 

0.265 

90.6 

0.257 

93.4 

this  experiment  show  an  increase  in  every  case  (Table  IV) .  This 
difference  can  perhaps  be  accounted  for  by  the  fact  that  the  doses 
of  magnesium  which  Givens  gave  were  comparatively  small  (1  to 
2.5  gm.).  However,  Underbill,  Honeij,  and  Bogert  (4)  found  an 
increased  urinary  magnesium  after  the  ingestion  of  only  2  gm.  of 
magnesium  citrate. 

With  regard  to  the  effects  of  the  addition  of  calcium  lactate  to 
the  experimental  diet,  in  doses  of  2  gm.  each  three  times  a  day 
during  the  last  period,  it  can  be  seen  by  consulting  Table  III,  that 
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the  urinaiy  and  fecal  calciums  were  raised  very  noticeably  in  every 
case.  The  urinary  increase  ranged  from  31  to  128  per  cent  above 
that  of  the  first  or  normal  period,  and  the  fecal  increase  from  145 
to  432  per  cent.  It  is  a  Uttle  difficult  to  interpret  the  effects  of  the 
added  calcium  intake  of  Period  IV  on  the  magnesium  output  of 
this  period,  because  the  high  magnesium  intake  of  Period  II  seems 
to  have  kept  both  the  urinary  and  fecal  magnesium  output  abnor- 
mally high  in  Period  III  as  well  as  in  Period  II,  especially  in 
Subjects  A  and  C.  However,  it  is  evident  that  the  urinary  magne- 
sium in  Period  IV  was  decidedly  increased  above  that  of  Period  I 
in  Subjects  A  and  C,  remained  practically  constant  for  Subject  D, 
and  was  somewhat  lowered  for  Subject  B.  The  probable  inter- 
relation between  calcium  intake  and  magnesium  output  is  seen 
more  clearly  in  the  fecal  magnesium  which  showed  an  increase 
over  that  of  Period  I  in  every  case,  while  the  total  magnesium 
output  also  showed  an  increase  in  every  case,  ranging  from  4.5 
to  56  per  cent.  These  results  confirm  the  work  of  IVIendel  and 
Benedict  (2),  who  found  the  injection  of  magnesium  salts  to  cause 
increased  urinary  calcium,  and  agree  in  part  with  their  results 
that  the  injection  of  calcium  salts  causes  increased  urinary  mag- 
nesium (1).  Neither  Givens  (3)  nor  Underbill,  Honeij,  and  Bogert 
(4)  were  able  to  produce  increased  urinary  magnesium  by  the 
addition  of  calcium  lactate  to  the  diet. 

COXCLUSIONS. 

1.  The  addition  of  6  gm.  of  magnesium  citrate  per  day  to  the 
experimental  diet  increased  the  urinary  and  fecal  magnesium  in  all 
four  cases.  The  added  inagnesium  also  increased  the  urinary  and 
fecal  calcium  in  three  out  of  four  cases,  and  the  total  calcium  excre- 
tion in  all  four  cases. 

2.  The  addition  of  6  gm.  of  calcium  lactate  per  day  to  the  experi- 
mental diet  lead  to  decided  increases  in  both  urinary  and  fecal  calcium 
in  all  four  cases.  It  seemed  to  result  in  increased  urinary  mag- 
nesium in  two  instances  and  in  a  slightly  increased  fecal  and  total 
magnesium  output  in  all  four  subjects,  although  possible  after 
effects  of  the  magnesium  citrate  taken  in  Period  II  make  it 
impossible  to  draw  definite  conclusions  as  to  the  influence  of  the 
calcium  lactate  upon  magnesium  metabolism. 
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STUDIES  IN  INORGANIC  METABOLISM. 

II.  THE  EFFECTS  OF  ACID-FORMING  AND  BASE-FORMING  DIETS 
UPON  CALCIUM  METABOLISM. 

By  L.  jean  BOGERT  and  ELIZABETH  E.  KIRKPATRICK. 

(From  the  Department  of  Food  Economics  and  Nutrition,  Kansas  State 
Agricultural  College,  Manhattan.) 

(Received  for  publication,  July  14,  1922.) 

Although  the  importance  of  calcium  in  nutrition  and  the 
conxmon  nutritional  disturbances  due  to  calcium  deficiency  are 
well  established  facts,  the  conditions  which  affect  the  retention  of 
calcium  in  the  body  are  imperfectly  understood.  One  phase  of 
this  subject,  which  is  still  in  the  experimental  stage,  is  the  effect 
which  acid  and  base  have  upon  calcium  retention.  Several  experi- 
ments have  been  performed  adding  acid  or  base  to  the  diet,  others 
in  which  acid-forming  or  base-forming  rations  were  fed,  but  of 
the  latter  only  a  few  were  done  quantitatively  or  with  human 
subjects.  Futhermore,  the  results  obtained  have  often  been  of 
a  conflicting  or  doubtful  nature. 

Steenbock,  Nelson,  and  Hart  (1)  found  that  high  ingestion  of 
acid-forming  foods  appeared  to  cause  decalcification  of  the  bones 
in  calves  and  swine,  although  such  rations  produced  no  serious 
effects  upon  growth  and  reproduction.  Another  experiment, 
showing  the  effect  of  an  acid-forming  diet,  was  carried  on  bj-^ 
Chalmers  Watson,'  who  found  that  animals,  which  were  fed  on  an 
exclusive  meat  diet,  developed  an  appearance  of  delayed  and 
imperfect  ossification  with  increased  vascularity  in  the  bones. 
D.  Forsyth'  found  that  domestic  fowls  remained  healthy  after  being 
fed  from  11  months  to  2  years  upon  meat,  supplemented  by  lime; 
and  rats  fed  solely  on  meat  were  reported  by  E.  J.  Spriggs'  to  have 
rough  and  abnormal  coats,  which  improved  almost  to  normal 
when  lime  was  added  to  the  diet.     Rations,  which  did  not  provide 

'  Reviewed  by  Forbes  (2). 
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enough  mineral  bases  to  neutralize  the  acids,  caused  malnutrition 
of  the  bones  of  swine  in  experiments  by  Forbes  (2),  wliile  the  addi- 
tion of  glycerophosphates  of  the  same  mineral  bases  overcame  the 
the  bad  effect  by  neutrahzing  the  excess  acid.    He  attributed  to 
the  same  cause  the  pathological  conditions  and  decrease  in  growth 
of  bone  and  muscle,  which  resulted  when,  in  earlier  experiments, 
he  fed  large  amounts  of  water  extract  of  wheat,  which  contained 
an  excess  of  acid-forming  mineral  elements.     He  also  called  atten- 
tion (2)  to  the  experiments  of  Weiske  in  which  prolonged  feeding 
of  cereals  reduced  the  amount  of  calcium  in  the  bones  of  herbivora. 
Sherman  (.3)  found  that,  when  lean  beef  was  added  to  a  diet 
on  which  calcium  equihbrium  had  been  estabhshed,  a  negative 
calcium   balance  resulted.     However,   he  did  not  attribute  the 
loss  of   calcium  to  the   preponderance  of  acid-forming  food  in 
the  diet  because  of  a  previous  experiment,^  which  did  not  indicate 
any  definite  relation  between  an  excess  of  acid-  or  base-forming 
foods  and  the  calcium  needed  for  maintenance.     In  this  experi- 
ment, one  subject  showed  an  average  excretion  of  0.08  gm.  of 
calcium  per  day  on  a  diet  which  yielded  a  strong  preponderance 
of  acid-forming  elements,  while  on  a  "balanced"  diet  the  same 
subject  excreted  0.10  gm.  of  calcium  per  day. 

Dubois  and  Stolte^  were  the  first  to  study  the  effect  of  alkali 
on  the  retention  of  calcium  in  infancy.  They  believed  that  the 
favorable  affect  of  Keller's  malt  soup  upon  calcium  retention  was 
due  to  its  alkali  content.  The  addition  of  alkah  to  milk  was  found 
by  Sato  (4),  however,  to  produce  an  unfavorable  effect  upon  in- 
fants. He  gave  malt  extract  alone  with  a  beneficial  effect  upon 
calcimn  retention  but,  when  he  added  a  considerable  amount  of 
alkali  to  the  malt  extract,  it  seemed  to  have  an  unfavorable 
influence  upon  the  calcimn  balance.  He  stated  that  probably 
ammonia  is  much  more  readily  available  than  calcium  for  the 
neutralization  of  acids  in  the  body. 

EXPERIMENTAL. 

The  mctal)olism  experiments  described  in  this  paper  were  car- 
ried out  to  investigate  the  effects  of  acid-forming  and  base-forming 

'sherman,  H.  C,  Gillett,  L.  IL,  and  Pope,  H.  U.,  J.  Biol.  Chem.,  1918, 

xxxiv,  373. 

3  Dubois,  M.,  and  Stolte,  K.,  Jahrb.  Kinderh.,  1913,  Ixxvii,  21. 
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diets  upon  calcium  excretion  in  human  subjects.  The  subjects 
were  four  normal  women,  three  college  students  and  one  librarian. 
All  of  the  food  eaten  was  carefully  weighed  and  its  calcium  content 
determined,  while  quantitative  determinations  were  made  of  the 
amounts  of  calcium  in  the  feces  and  urine.  The  technique  of 
collection  of  excreta  and  of  methods  of  analysis  used  will  be  found 
in  the  preceding  paper,*  which  also  contains  descriptions  of  the 
foods  used,  their  preparation,  and  weighing.  The  same  foods 
constituted  the  diet  of  the  subjects  of  this  experiment,  with  the 
addition  of  peas  and  eggs.  The  canned  peas  were  thoroughly 
drained  before  weighing.  The  eggs  were  boiled  hard  in  the  shell 
and  the  whites  and  yolks  weighed  separately. 

The  experimental  period  of  16  days  was  divided  into  four  periods 
of  4  days  each.  It  was  preceded  by  a  4  day  period  of  calcium-low 
diet;  the  same  calcium-low  diet  was  taken  in  the  after  period  until 
the  last  marker  appeared  in  the  feces.  In  the  first  and  third 
periods,  the  diets  were  selected  so  that  the  excess  of  base  furnished 
by  certain  foods  was  practically  balanced  by  the  excess  of  acid 
supplied  by  the  other  foods.  The  diet  of  the  second  period  con- 
sisted almost  entirely  of  base-forming  foods  and  that  of  the  fourth, 
of  acid-forming  foods.  The  data  for  the  acidity  or  alkahnity  of  the 
foods  were  taken  from  Sherman's  tables,^  which  express  the  excess 
of  acid  or  base  in  cubic  centimeters  of  normal  solution.  The 
balanced  diet  consisted  of  beef,  peanut  butter,  bread,  rice,  pota- 
toes, milk,  apples,  butter  fat,  and  sugar;  the  base  diet,  of  apples, 
milk,  peas,  potatoes,  peanut  butter,  and  sugar;  and  the  acid  diet, 
of  bread,  rice,  eggs,  milk,  butter  fat,  and  sugar. 

The  diets  were  planned  to  meet  the  requirements  for  energy, 
protein,  and  calcium  and  to  yield  uniform  amounts  of  energy, 
protein,  calcium,  and  fat  in  all  four  periods.  The  calcium  require- 
ments of  the  subjects,  estimated  from  Sherman's  figure  (3)  of  0.45 
gm.  per  day  per  70  kilos  of  body  weight,  ranged  from  0.31  to  0.37 
gm.  Unfortunately,  the  amount  of  calcium  in  some  of  the  foods 
(see  Table  I)  was  found  on  analj'sis  to  vary  from  the  average 
figures  given  by  Sherman,"*  so  that  the  intake  of  calcium  not  only 

'  Bosert,  L.  J.,  and  McKittrick,  E.  J.,  ./.  Biol.  Chem.,  1922,  liv,  363. 
5  Sherman,  H.  C,  and  Gettler,  A.  O.,  J.  Biol.  Chem.,  1912,  .xi,  329. 
*  Sherman,  H.  C,  Chemistry  of  food  and  nutrition,  New  York,  2nd 
edition,  1919,  421. 
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was  somewhat  below  the  theoretical  requirement,  but  was  not  as 
nearly  constant  as  had  been  expected.  The  average  percentages  of 
the  theoretical  calcium  requirement  furnished  by  the  diets  were  as 
follows: 

per  cent 

Balanced  diet,  Periods  I  and  III 80-6 

Basic  diet.  Period  II ^O-^ 

Acid  diet,  Period  IV 91.6 

TABLE  I. 

Calcium  Conienl  of  Foods  Used  in  Diets. 


Food. 


Bread 

Beef 

Apples 

Potatoe.s,  baked 

Rice,  uncooked 

Peanut  butter 

Peas 

Egg  j'olk 

Egg  white 

Milk,  Klim  (whole  milk). 


Calcium. 


per  cent 

0.0410 

0.0078 

0.004 

0.004 

0.009 

0.033 

0.032 

0.1029 

0.0092 

0.0958 


T.\BLE  II. 
Daily  Food  Intake. 

Subjects  E  and  F. 

Subjects  G  and  H. 

Food. 

Periods 
I  and  III. 

Period 
II. 

Period 
IV. 

Periods 
I  and  III. 

Period 
II. 

Pr-riod 
IV. 

Beef            

gm. 

100.0 

48.0 
25.8 

175.5 
71.0 
82.0 
80.0 

477.0 

180.0 

gm. 

112.0 

350.0 
116.0 
510.0 
307.6 
95.0 

gm. 

130.0 
120.0 

13.0 
160.0 
150  0 

135.0 
120,0 

gm. 

100.0 

45  0 

16.0 
135.0 

86.0 
135.0 

72.0 
432.0 

140.0 

gm. 

105.0 

290.0 
101.0 
422.0 
307.6 

64.5 

gm. 

1.30.0 

"Rp-tr  volk              

97.0 

Peanut  butter 

Butter  fat 

10.0 

160.0 

Rice               

150.0 

Potato      

107.0 

Peas    

Milk 

100.0 

L.  J. 
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TABLE  III. 
Composition  of  Diets. 


Period. 


Calories. 


Fat. 


Calcium. 


Excess*  of 


Base. 


Acid. 


Subjects  E 

andF. 

I  and  III 
II 
IV 

2,221.8 
2,182.5 
2,185.9 

gm. 

67.6 
65.1 
65.9 

gm. 
01.2 
59.4 
60.7 

am. 
0.297 
0.260 
0.319 

cc. 

29.46 

59.90 

2.27 

cc. 

31.61 
4.73 

62:14 

Subjects  G  and  H. 


I  and  III 
II 
IV 

1,968.0 
1,946.3 
1,944.8 

63.5 
59.8 
61.4 

47.8 
54.5 
48.9 

0.242 
0.223 

0.287 

28.27 

49.99 

1.79 

30.09 

4.43 

56.31 

*  Potential  acidity  or  alkalinity  is  expressed  in  cubic  centimeters  of 
normal  solution. 

TABLE  IV. 
Average  Daily  Intake  and  Output  of  Calcium. 


Subject. 

Body 
weight. 

Period. 

Output. 

Intake. 

Balance. 

Urine. 

Feces. 

Total. 

kg. 

gm. 

gm. 

gm. 

(jm. 

gm. 

E 

55.1 

Balanced. 
Basic. 
Balanced. 
Acid. 

0.086 
0.046 
0.075 
0.137 

0.303 
0.344 
0.223 
0.338 

0.389 
0.390 
0.298 
0.475 

0.297 
0.260 
0.297 
0.319 

-0.092 
-0.130 
-0.001 
-0.156 

F 

57.4 

Balanced. 
Basic. 
Balanced. 
Acid. 

0.137 
0.116 
0.183 
0.231 

0.236 
0.241 
0.157 
0.197 

0.373 
0.357 
0.340 
0.428 

0.297 
0.260 
0.297 
0.319 

-0.076 
-0.097 
-0.043 
-0,109 

G 

48.8 

Balanced. 
Basic. 
Balanced. 
Acid. 

0.074 
0.039 
0.123 
0.0S6 

0.276 
0.275 
0.303 
0.240 

0.350 
0.314 
0.426 
0.326 

0.242 
0.223 

0.242 
0.287 

-0.108 
-0.091 
-0.184 
-0.039 

H 

48.3 

Balanced. 
Basic. 
Balanced. 
Acid. 

0.101 
0.065 
0.097 
0.138 

0.300 
0.273 
0.200 
0.207 

0.401 
0.338 
0.297 
0.345 

0.242 
0.223 
0.242 
0.287 

-0,159 
-0.115 
-0.055 
-0.058 
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The  detailed  composition  of  the  diets  used  is  shown  in  Tables  II 
and  III.  The  data  obtained  from  the  analysis  of  the  excreta  are 
presented  in  Tables  IV,  V,  and  VI. 

DISCUSSION. 

All  the  subjects  were  in  good  health  and  continued  so  throughout 
the  experiment  with  the  exception  of  Subject  G,  who  experienced 
some  digestive  difficulty  as  a  result  of  the  diet  in  Period  II.     Their 

TABLE  V. 
Relative  Amounts  of  Calc  ium  Excreted  in  Urine  and  Feces.         


Subject. 

Period. 

Urine. 

Feces. 

per  cent 

per  cent 

E 

I 

22.3 

77.7 

II 

U.9 

88.1 

III 

25.1 

74.9 

IV 

2S.8 

71.2 

F 

I 

36.6 

63.4 

II 

32.5 

67.5 

III 

53.8 

46.2 

IV 

53.9 

46.1 

G 

I 

21.0 

79  0 

II 

12.3 

87.7 

III 

28.7 

71.3 

IV 

26.4 

73.6 

H 

I 

25.1 

74.9 

II 

19.3 

80.7 

III 

32.5 

67.5 

IV 

40.7 

59.3 

weights  remained  ahnost  constant.  The  menstrual  period  for  all 
four  subjects  was  included  during  the  experiment,  but  did  not  seem 
to  affect  the  calcium  output. 

Owing  to  differences  between  the  actual  percentages  of  calcium 
in  the  foods  used  and  the  average  percentages  upon  which  the 
dietaries  were  planned,  the  intake  was  lower  than  the  theoretical 
requirement  and  all  the  subjects  showed  negative  calcium  balance 
throughout  the  experiment.     The  most  unfortunate  effect  of  the 
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variations  in  the  calcium  composition  of  the  foods  used  was  the 
fact  that  the  total  intake  of  calcium  varied  instead  of  being 
practically  constant,  as  planned.  The  calcium  intake  was  high- 
est during  the  acid-forming  diets,  while  the  base-forming  diets 
furnished  considerably  less  calcium  than  the  other  diets.  As^ 
has  been  previously  noted,  the  acid-forming  diets  furnished 
about  90  per  cent,  tlie  balanced  diets  about  80  per  cent,  and  the 

TABLE  VI. 
Comparison  of  Calcium  Deficiency  of  the  Diet  With  the  Calcium  Balance. 


Balance 

Subjct. 

Period. 

Require- 
ment. 

Intake. 

Output. 

Balance. 

Deficiency 
in  diet. 

minus 

deficiency 

of  diet. 

om. 

gm. 

gm. 

gm. 

gm. 

gm. 

E 

I 

0.354 

0.297 

0.389 

-0.092 

0.057 

-0  035 

II 

0.260 

0.390 

-0  130 

0.094 

-0.036 

III 

0.297 

0.298 

-0.001 

0  057 

+0.056 

IV 

0.319 

0.475 

-0.156 

0.035 

-0.121 

F 

I 

0.369 

0.297 

0.373 

-0.076 

0  072 

-0.004 

II 

0.260 

0.357 

-0.097 

0.109 

+0.012 

III 

0.297 

0.340 

-0.043 

0.072 

+0.029 

IV 

0.319 

0.428 

-0.109 

0.050 

-0.059 

G 

I 

0.311 

0.242 

0.350 

-0.108 

0.069 

-0.039 

II 

0.223 

0.314 

-0.091 

0.088 

-0.003 

III 

0.242 

0.426 

-0.184 

0.069 

-0.115 

IV 

0.287 

0.326 

-0.039 

0.024 

-0.015 

H 

I 

0.310 

0.242 

0.401 

-0.159 

0.068 

-0.091 

II 

0.223 

0.338 

-0.115 

0.087 

-0.028 

in 

0.242 

0.297 

-0  0.55 

0.068 

+0.013 

IV 

0.287 

0.345 

-0.058 

0.023 

-0.035 

base-forming  diets  about  70  per  cent  of  the  theoretical  calcium 
requirement. 

In  Table  VI  is  shown  the  result  of  subtracting  the  calcium 
deficiency  of  the  diet  from  the  calcium  balance.  Some  of  the 
discussion  of  data  is  based  upon  the  theory  that  this  difference 
between  the  dietary  calcium  deficiency  and  the  calcium  balance 
represents  what  the  balance  might  have  been  if  the  theoretical 
calcium  requirement  had  been  met.  There  is  al'^o  the  possibility 
that  the  calcium  furnished  by  the  different  diets  may  not  have 
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been  equally  well  assimilated.     This  might  be  expected  especially 
in  the  base-forming  diets  of  Period  II,  since  peas  formed  so  large 
a  part  of  these  diets  and  the  nitrogen  of  this  food  has  been  shown 
to  be  poorly  utilized.     Although  the  number  of  stools  was  increased 
during  this  period  and  the  feces  were  somewhat  more  loose,  no 
actual  diarrhea  was  produced  (with  the  possible  exception  of  Sub- 
ject G),  and  the  calcium  balances  do  not  warrant  the  conclusion 
that  the  calcium  of  the  food  was  more  poorly  utilized  on  this  diet. 
It  might  have  been  expected,  since  the  diets  for  Periods  I 
and  III  were  the  same,  that  the  calcium  balances  would  have  been 
approximately  the  same  in  these  two  periods,  but  reference  to 
Table  IV  will  show  that  three  subjects  had  appreciably  smaller 
negative  calcium  balances  in  the  third  than  in  the  first  period. 
The  reason  for  this  difference  may  be  that  during  the  first  period, 
in  spite  of  the  low  calcium  fore  period  of  4  days,  the  body  was  not 
yet  adjusted  to  the  small  calcium  intake,  while  by  the  third  period 
calcium  metabolism  had  more  nearly  reached  a  minimum  amount. 
On  the  other  hand,  the  lower  output  of  calcium  on  the  balanced 
diet  of  Period  III  might  be  attributed  to  after  effects  of  the  base- 
forming  diet  of  Period  II,  when  the  calcium  intake  was  lower. 
Because  of  the  impossibility  of  determining  which  of  the  two 
periods  on  a  balanced  diet  represents  a  true  normal  for  purposes  of 
comparison,  it  was  thought  wiser  in  interpreting  the  data  to  com- 
pare the  calcium  excretion  and  balances  in  the  period  on  the  base- 
forming  diet  (Period  II)  and  the  period  on  the  acid-forming  diet 
(Period  IV)  with  those  of  the  balanced  period  immediately  preced- 
ing each,  rather  than  with  an  average  of  Periods  I  and  III. 

The  urinary  calcium  was  considerably  lower,  in  every  case,  m 
the  period  on  the  base-forming  diet  than  in  the  preceding  period 
on  a  balanced  diet  (Table  IV) .  Moreover,  the  amount  of  calcium 
excreted  in  the  urine  during  the  final  period,  when  an  acid-forming 
diet  was  consumed,  was  decidedly  higher  than  that  excreted  in  the 
preceding  period,  except  in  the  case  of  Subject  G.  Since  this 
subject  had  difficulty  in  recovering  from  the  digestive  disturbance 
caused  by  the  diet  of  the  second  period,  the  high  calcium  excretion 
which  she  showed  in  Period  III  may  be  attributable  to  after 
effects  of  the  previous  diet.  The  large  amount  of  the  urinary 
calcium  of  Sul^jcct  G  in  Period  III  may  be  partly  accounted  for 
by  a  greatly  increased  volume  of  the  urine  in  this  period.     In  any 
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event,  the  abnormal  condition  of  this  subject  during  the  latter 
half  of  the  experimental  period  secerned  to  offer  piobable  explana- 
tion of  the  exception  which  she  showed  to  the  usual  effects  of  an 
acid-forming  diet,  as  shown  in  the  other  three  subjects. 

The  effects  of  the  acid-forming  and  base-forming  diets  upon  fecal 
calcium  were  not  so  apparent  as  their  influence  upon  the  urinary 
calcium.  In  Subjects  E  and  F,  the  calcium  output  in  the  feces 
was  higher  in  both  the  basic  and  acid  periods  than  it  was  in  the 
periods  on  the  balanced  diet  which  preceded  each.  Subject  G 
had  aknost  the  same  fecal  calcium  in  the  basic  period  as  in  the 
balanced,  but  the  calcium  in  the  feces  was  decreased  during  the 
acid  period.  Subject  H  was  hke  Subjects  E  and  F  in  that  the 
output  of  calciimi  rose  in  the  acid  period,  but  differed  from  them  in 
showing  a  decrease  instead  of  an  increase  in  fecal  calcium  in  the 
period  on  the  base-forming  diet. 

Although  the  actual  amount  of  calcium  excreted  in  the  feces  was 
not  so  uniformly  affected  by  the  acid-  and  base-forming  diets,  it 
is  clear  that  the  base-forming  diet  tended  to  divert  calcium  from 
the  urine  to  the  feces,  while  the  acid-forming  diet  had  the  opposite 
effect  of  increasing  the  percentage  of  the  calcium  output  excreted 
in  the  urine  and  decreasing  it  in  the  feces.  Table  V  shows  the 
percentage  distribution  of  calcimn  output  between  the  urine  and 
feces.  It  will  be  seen  that,  in  every  case,  the  per  cent  of  calcium 
excreted  in  the  urine  was  decreased  and  the  per  cent  excreted  by 
the  feces  increased  in  the  second  period.  The  effect  of  the  acid- 
forming  diet  in  increasing  the  per  cent  of  calcimn  excreted  by  way 
of  the  urine  and  decreasing  fecal  calcium  is  clear  in  two  instances. 
In  the  other  two  subjects,  this  effect  is  only  to  be  noted  in  case  the 
figures  for  Period  IV  are  compared  with  those  of  Periods  I  or  II. 
These  facts,  and  the  additional  observation,  that  the  base-forming 
diet  had  a  greater  effect  in  changing  the  route  of  calcium  excretion 
than  the  acid-forming  diet,  are  apparent  from  the  following 
figures  compiled  from  Table  V: 


Balanced  diet. 

Base-forming  diet. 

Acid-forming  diet. 

Range. 

Average. 

Range. 

Average. 

Range. 

Average. 

Urinary 

Fecal 

per  cent 

21-54 

46-79 

per  cent 

30 
70 

per  cent 

12-32 

67-88 

per  cent 

19 

81 

per  cen( 

26-54 

46-74 

per  cent 

37 
63 
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It  is  interesting  to  note  that  the  amount  of  calcium  excreted  by 
way  of  the  urine  may  be  even  greater  than  the  amount  in  the  faces. 
The  average  distribution  between  urine  and  feces  on  a  balanced 
diet  corresponds  very  closely  to  that  often  given  (3:7). 

The  effects  of  the  acid-forming  and  base-forming  diets  upon  the 
total  calcium  output  were  similar  to  their  effects  upon  urinary 
calcium,  since  the  basic  period  showed  a  decrease  and  the  acid 
period  an  increase  in  the  total  calcium  excretion  in  three  out  of 
four  cases.  In  Subject  E,  the  output  in  the  basic  period  was  the 
same  as  in  the  preceding  balanced  period,  and  the  output  in  Sub- 
ject G,  who  was  known  to  be  in  an  abnormal  condition,  was  low- 
ered in  the  acid  period. 

Since  the  intake  of  calcium  was  appreciably  lower  in  the  basic 
period  and  somewhat  higher  in  the  acid  period,  the  calcium  balance 
must  be  given  more  weight  than  the  amount  excreted.  The 
negative  calcium  balances  were  increased  in  both  the  acid  and  basic 
periods  in  two  subjects,  while  the  other  two  cases  showed  dimin- 
ished negative  calcium  balances  in  the  basic  and  acid  periods, 
with  the  exception  of  Period  IV,  Subject  H,  where  the  balance  re- 
mained the  same  as  in  the  preceding  period.  However,  the 
variation  in  the  calcium  deficiency  of  the  diet  must  be  taken  into 
account  in  interpreting  the  calcium  balances.  These  figures  are 
tabulated  in  Table  VI  and  show  that,  not  only  can  the  increase 
in  the  negative  calcium  balance  in  two  cases  in  Period  II  probably 
be  accounted  for  entirely  by  the  increased  deficiency  of  the  diet, 
but  in  the  other  two  cases  the  diminution  in  calcium  output  was 
more  than  sufficient  to  compensate  for  the  diminished  intake, 
so  that  the  negative  calcium  balance  was  actually  decreased  on  the 
basic  diet  which  afforded  less  calcium.  On  the  other  hand,  the 
considerably  increased  negative  calcium  balance  shown  by  Sub- 
jects E  and  F  during  the  fourth  period  cannot  be  accounted  for 
at  all  by  a  corresponding  increase  in  the  deficiency  of  the  diet, 
since  the  diet  was  richer  in  calcium  in  this  period  than  in  any  other. 
Subject  H  showed  an  increased  total  excretion  of  calcium  in  Period 
IV,  part  of  which  might  be  accounted  for  by  increased  calcium 
intake.  Subject  G  offered  an  exception  in  that  she  had  a  decreased 
negative  calcium  balance  in  Period  IV.  While  not  conclusive,  the 
above  notcnl  facts  seem  to  show  a  possible  tendency  toward  dimin- 
ished calcium  excretion  on  the  base-forming  diet  and  a  rather  well 
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marked  tendency  toward  increased  excretion  of  calcium  on  the 
acid-forming  diet. 

The  effect  of  an  acid-forming  diet  in  increasing  urinary  calcium, 
which  is  shown  in  these  experiments,  is  in  accord  with  the  results 
of  earlier  experiments  where  acid  was  given  as  such.  A  num- 
ber of  investigators,  whose  work  has  been  reviewed  by  Forbes  (2) 
have  demonstrated  increased  urinary  calcium  after  giving  hydro- 
chloric and  other  acids.  However,  Stehle  and  McCarty  (5)  stated 
that  ingestion  of  hydrochloric  acid  produced  no  appreciable  effect 
upon  urinary  calcium  in  man.  Stehle  (6)  found  an  increased 
excretion  of  calcium  in  dogs  after  the  ingestion  of  hydrochloric  acid, 
but  Givens  and  Mendel  (7)  noted  no  increase  of  total  calcium 
excretion  under  similar  experimental  conditions.  The  decrease 
of  urinary  calcium  as  a  result  of  the  base-forming  diet  is  in  con- 
trast to  the  observation  by  Givens  and  Mendel  (7),  that  40  gm. 
of  sodium  bicarbonate  per  day,  administered  over  a  long  period, 
did  not  decrease  the  high  excretion  of  calcium  in  the  urine  of  a 
diabetic  man,  and  that  sodium  bicarbonate  given  to  dogs  was 
without  effect  upon  calcium  excretion. 

The  detrimental  effects  of  acid-forming  diets  upon  calcium 
retention  have  been  noted  in  several  feeding  experiments  upon 
animals.  Steenbock,  Nelson,  and  Hart  (1),  Chalmers  Watson, 
and  Forbes  (2)  all  agree  that  decalcification  of  the  bones  resulted 
after  prolonged  periods  on  acid-forming  rations.  The  above 
experiments  confirm  in  general  the  evidence  of  an  increased  cal- 
cium excretion  resulting  from  acid-forming  diets  noted  in  the 
present  investigations. 

CONCLUSIONS. 

1.  The  base-forming  diets  consumed  in  Period  II  resulted,  in 
every  case,  in  a  decided  diminution  in  urinary  calcium,  while  the 
acid-forming  diets  of  Period  IV  caused  a  marked  increase  inurinary 
calcium  in  three  out  of  four  subjects.  The  amounts  of  calcium 
excreted  in  the  urine  on  the  acid-forming  diets  were  from  two 
to  three  times  greater  than  the  amounts  excreted  on  the  base- 
forming  diets  in  every  instance. 

2.  The  precentage  of  total  calcium  output  eliminated  through 
the  urine  was  noticc^ably  decreased  on  the  base-forming  diets  and 
increased   on   the   acid-forming   diets,   while   the   percentage  of 


386        Studies  in  Inorganic  Metabolism.     II 

calcium  excreted  by  way  of  the  feces  was  increased  on  the  base- 
forming  diets  and  decreased  on  the  acid-forming  diets,  showing  the 
tendency  of  the  base-forming  diets  to  divert  calcium  from  the  urine  to 
the  feces,  and  of  the  acid-forming  diets  to  increase  urinary  calcium  at 
the  expense  of  fecal  calcium. 

3.  Three  out  of  the  four  subjects  showed  a  noticeable  increase  in 
total  caldum  excretion  and  two  showed  increased  negative  calcium 
balances,  not  to  be  accounted  for  by  calcium  deficiency  in  the  diets, 
during  the  ■period  in  ivhich  the  acid-forming  diets  were  consumed. 
It  is  impossible  to  draw  conclusions  as  to  the  effect  of  the  acid- 
forming  diet  upon  the  fourth  subject,  due  to  digestive  disturbances 
which  arose  during  the  latter  part  of  the  experiment. 

4.  The  total  calcium  excretion  during  the  period  of  the  base-forming 
diet  was  loiver  than  in  the  preceding  period  in  three  subjects,  and 
about  the  same  in  the  fourth.  In  two  instances,  the  negative 
calcium  balance  was  diminished  on  the  base-forming  diet,  while  in 
two  instances,  it  was  increased.  In  the  two  latter  cases,  the  m- 
creased  negative  balance  can  be  practically  entirely  accounted  for 
by  the  diminished  calcium  intake  of  this  period.  The  other  two 
subjects  seem  to  have  been  able  to  overcompensate  for  the  decrease 
in  calcium  iirtake  by  a  decrease  in  calcium  excretion. 

5.  Since  the  calcium  intake  furnished  by  the  base-forming  diet 
was  appreciably  lower  than  that  furnished  by  either  of  the  other 
diets,  it  is  impossible  to  draw  definite  conclusions  as  to  the  influ- 
ence'of  the  acid-base  content  of  the  diets  upon  calcium  retention. 
However,  the  facts  stated  above  tend,  to  indicate  that  calcium  is 
retained  somewhat  more  readily  on  a  basic  diet  than  on  balanced  or 
acid-forming  diets,  while  calcium  excretion  is  greater  on  an  acid-form- 
ing diet  than  on  balanced  or  base-forming  diets. 
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Agricultural  College,  Manhattan.) 

(Received  for  publication,  July  14,  1922.) 

Because  of  the  importance  of  calcium  assimilation  in  human 
beings,  especially  in  such  conditions  as  growth,  pregnancy,  and 
rickets,  an  understanding  of  various  factors  which  may  affect 
calcium  retention  is  essential.  Very  few  experiments  have  been 
carried  out  to  observe  the  influence  of  different  factors  on  calcium 
metabolism  in  man.  The  following  experiments  were  undertaken 
to  investigate  the  possible  relation  between  the  vitamine  content 
of  the  diet  and  calcium  excretion  in  normal  women. 

Id  reviewing  the  literature  on  calcium  metabolism,  many  cases 
of  poor  utilization  of  calcium  by  animals  are  found.  Negative 
calcium  balances  have  been  reported  repeatedly,  where  the  calcium 
content  of  the  diet  was  known  to  have  been  adequate  or  even 
abundant.  As  early  as  1908  Hart,  McCollum,  and  Humphrey  (1) 
made  observations  on  a  lactating  cow,  which  showed  a  negative 
calcium  balance  persisting  throughout  an  experiment  of  110  days. 
A  deficient  calcium  intake  was  accompanied  by  a  considerable 
output  of  this  element  in  the  feces.  They  believed  the  skeletal 
tissues  to  be  ready  sources  of  calcium  supply.  Hart,  Steenbock, 
and  Humphrey  (2)  later  observed  disaster  in  reproduction  with 
cows  fed  over  long  periods  on  a  calcium-low  ration.  Addition 
of  vitamine  A  (butter  fat),  of  casein,  or  of  both  to  the  diet  did 
not  improve  the  ration  for  reproduction,  while  the  addition  of 
calcium  salts  was  effective  in  this  respect. 

In  reviewing  his  work  on  high  milking  cows,  supposedly  receiving 
ample  amounts  of  calcium,  Forbes  (3,  4)  pointed  out  the  frequent 
occurrence  of  negative  calcium  balances  and  the  fact  that  the  ad- 
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dition  of  easily  soluble  calcium  to  the  diet  did  not  lead  to  positive 
balances.  Meigs,  Blatherwick,  and  Gary  (5)  found  continued 
negative  balances  in  dry,  pregnant  cows  on  a  calcium-rich  ration  of 
dry  alfalfa  hay,  corn  silage,  and  grain  mixture.  They  attributed 
this  to  nervous  disturbances  incident  upon  the  experimental 
procedure. 

After  the  addition  of  calcium  carbonate  or  phosphate  to  grain 
rations  fed  to  a  growing  pig,  Hart,  Stcenbock,  and  Fuller  ((5)  found 
increased  retention  of  both  calcimn  and  phosphorus  with  a  result- 
ing heavier  skeleton.  In  experimenting  on  growing  swine,  Hart, 
Miller,  and  McCollum  (7)  noted  nutritional  failure  resulting 
from  a  diet  of  grains.  Both  alfalfa,  which  added  inorganic  con- 
stituents as  well  as  vitamine  A,  and  meat  scraps,  which  sup- 
plied more  efficient  proteins,  vitamine  A,  calcium,  and  phosphorus, 
proved  good  supplements  to  the  grain  diet. 

In  1913  Steenbock  and  Hart  (8)  noticed  a  favorable  effect  upon 
calcium  balances  in  goats  after  changing  from  a  diet  of  dry  roughage 
to  green  pasture.  In  a  further  study  (9)  made  upon  both  dry  and 
milking  goats  in  1921,  they  found  similar  results  on  changing  from 
a  diet  of  dry  oat  straw  to  fresh  green  oats.  They  also  observed 
that  cod  iiver  oil  added  to  the  oat  straw  diet,  consistently  changed 
negative  calcium  balances  to  positive  balances,  while  orange  juice 
and  raw  cabbage  had  no  such  effect.  It  would  seem  from  this 
work  that  the  factor  affecting  calcium  assimilation  and  resident  in 
green  oats  and  grasses  is  present  also  in  cod  liver  oil. 

Robb  (10)  has  cited  experiments  with  guinea  pigs,  in  which  the 
elimination  of  calcium  was  twice  as  great  on  a  diet  of  dried  plants 
as  on  a  diet  of  fresh  green  plants,  to  which  calcium-free  orange 
juice  had  been  added. 

Furtliermore,  the  possible  relation  of  vitamine  A  to  calcium  re- 
tention has  been  suggested  by  several  workers  on  rickets.  Shipley, 
Park,  McCollum,  Simmonds,  and  Parsons  (11),  and  Park  and  How- 
land  (12)  studied  the  beneficial  effect  of  cod  liver  oil  on  rats  suffering 
from  experimental  rickets.  The  therapeutic  effect  of  cod  liver 
oil  in  the  treatment  of  rachitic  children  has  long  been  recognized. 
Some  substance  or  substances  present  in  the  oil  favor  calcium  deposi- 
tion in  the  bones.  Hess  does  not  believe  this  antirachitic  factor 
to  be  synonymous  with  vitamine  A  (13,14),  since,  in  his  experi- 
ments, milk  did  not  prevent  the  development  of  rickets  in  children. 
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He  also  reported  (15)  failure  of  rats  to  develop  rickets  on  a  diet 
deficient  in  vitaminc  A.  Lack  of  active  development  of  bone 
resulted,  however,  in  these  cases  and  keratitis  was  also  frequent  but 
occurred  less  often  in  rats  receiving  orange  juice  as  a  supplement  to 
the  diet.  McCollum  and  his  coUaborators  (16,17)  found  that  butter 
fat  did  not  exert  as  favorable  an  influence  on  bone  development  in 
rats  as  did  cod  Uver  oil.  He  beheves  the  substance  which  pro- 
motes bone  growth  to  be  a  fourth  vitamine  (18).  It  has  been 
pointed  out  by  Rowland  and  Kramer  (19)  that  calcium  in  the 
serum  of  rachitic  children  maj^  or  may  not  be  reduced,  but  that 
the  phosphorus  content  of  the  serum,  which  is  uniformly  reduced 
in  rickets,  is  brought  back  to  normal  by  administration  of  cod 
liver  oil. 

EXPERIMENTAL. 

Four  normal  women,  one  college  student  and  three  teachers, 
served  as  subjects  for  this  experiment.  The  weights  of  the  subjects 
ranged  from  53.5  to  64.4  kilos  and  the  ages  from  21  to  33  years. 

The  experimental  period  of  16  days  was  divided  into  four  4 
day  periods,  with  fore  and  after  periods  on  calcium-low  diet,  as 
described  in  the  preceding  papers.  The  diets  of  the  first  and  third 
periods  were  the  same.  They  consisted  of  lean  beef,  rice,  skimmed 
milk,  white  bread,  sugar,  corn-starch,  and  purified  fat  from  nut 
margarine.  These  foods  were  selected  to  give  a  diet  very  low  in 
vitamines.  Skimmed  milk  powder  was  used,  since  its  vitamine 
content  would  be  lower  than  that  of  fresh,  whole  milk.  The 
diluted  milk  powder  was  also  subjected  to  high  temperatures  by 
cooking  with  rice  in  a  pressure  cooker  (25  minutes  at  10  to  15 
pounds  pressure).  In  the  second  period,  yeast  was  added  to  the 
diet  to  supply  vitamine  B;  and  in  the  fourth  period  an  equal 
weight  of  butter  fat  was  substituted  for  the  vegetable  fat  to  give 
vitamine  A.  Both  the  nut  margarine  and  butter  were  purified 
by  melting  at  a  temperature  not  exceeding  45°C.  and  siphoning 
off  the  pure  fat,  which  was  then  filtered.  The  yeast,  added  to  the 
diet  during  Period  II,  was  taken  in  emulsion  with  cold  water 
immediately  before  each  meal.  Six  cakes  of  compressed  yeast 
were  ingested  by  each  subject  daily,  two  cakes  per  meal. 

The  diets  were  planned  to  meet  the  energy,  protein,  and  calcium 
requirements  of  the  subjects.    With  the  exception  of  the  second 
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period,  the  amounts  of  energj',  protein,  and  calcium  supplied  by  the 
diet  were  uniform  throughout  the  experiment  (Table  II).  The 
yeast  added  to  the  diet  during  the  second  period  very  slightly 
increased  the  intake  of  calcium,  protein,  and  energy  in  this  period. 


TABLE  I. 

Calcium  Content  of  Foods. 


Food. 


Lean  beef 

Skimmed  milk. 

Bread 

Rice 

Yeast 


Calcium. 


per  cent 

0.0078 

0.107 

0.041 

0.009 

0.028 


TABLE  II. 
Daily  Food  Intake. 


Subjects  I  andJ. 

Subjects  K  and  L. 

Food. 

Periods 
land 
III. 

Period 
II. 

Period 
IV. 

Periods 
I  and 
III. 

Period 
II. 

Period 
IV. 

gm. 

200 

250 

72 

250 

100 

75 

10 

gm. 

200 
250 

72 
250 
100 
75 
10 
84 

gm. 
200 

250 

250 

100 

75 

10 

72 

gm. 

200 

200 

50 

250 

100 

50 

10 

gm. 

200 

200 

50 

250 

100 

50 

10 

84 

gm. 
200 

ftlvimmpfl  milk          

200 

250 

Rice              

100 

50 

Starrh                  

10 

Yeast               

Butter  fat 

50 

The  diet  for  Subjects  I  and  J  furnished  2,391  calories,  82  gm.  of  protein, 
92  gm.  of  fat,  and  0.395  gm.  of  calcium.  The  yeast  taken  in  Period  II 
added  3.9  gm.  of  nitrogen  and  0.023  gm.  of  calcium. 

The  diet  for  Subjects  K  and  L  furnished  2,075  calories,  80  gm.  of  pro- 
tein, 70  gm.  of  fat,  and  0.341  gm.  of  calciiun.  The  yeast  taken  in  Period 
II  added  3 . 9  gm.  of  nitrogen  and  0 .023  gm.  of  calcium. 

The  protein  was  in  excess  of  the  allowance  of  1  gm.  per  kilo  of 
body  weight,  suggested  by  Sherman. ^     The  protein  of  the   diet 

•  Sherman,  H.  C,  Gillette,  L.  H.,  and  Osterberg;  E.,  J.  Biol.  Chem., 
1920,  xli,  97. 
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was  fairly  high  (about  80  to  85  gm.  per  day),  in  order  to  make  the 
diet  more  palatable  and  avoid  use  of  too  large  quantities  of 
carbohydrate  and  fat.  The  fat  was  kept  constant,  since  a  variable 
intake  of  fat  might  affect  calcium  assimilation.^  The  theoretical 
calcium  requirements  of  the  subjects,  estimated  from  Sherman's 
figure  of  0.45  gm,  per  70  kilos  of  body  weight,^  ranged  from  0.34 
to  0.41   gm.   per  day.     The  diets   met  the  theoretical  calcium 

TABLE  III. 
Average  Daily  Intake  and  Output  of  Calcium. 


<*a 

<y 

Output. 

-= 

■§ 

Diet. 

.a 

Balance. 

^ 

fcf 

Z) 

s 

Feces. 

Jrine. 

Total. 

K 

^ 

Ph 

•"• 

kg. 

gm. 

gm. 

gm. 

gm. 

I 

60'.  9 

I 

Basal. 

0.395 

0.384 

0.131 

0.515 

-0.120 

II 

it 

+  yeast. 

0.418 

0.285 

0.142 

0.427 

-0.009 

III 

a 

0.395 

0.305 

0.146 

0.451 

-0.056 

IV 

a 

+  butter  fat. 

0.395 

0.255 

0.141 

0.396 

-0.001 

J 

64.1 

I 

Basal. 

0.395 

0.328 

0.102 

0.430 

-0.035 

II 

ii 

+  yeast. 

0.418 

0.335 

0.111 

0.446 

-0.028 

III 

n 

0.395 

0.296 

0.120 

0.416 

-0.021 

IV 

(( 

+  butter  fat. 

0.395 

0.255 

0.124 

0.379 

+0.016 

K 

53.5 

I 

Basal 

0.341 

0.24S 

0.149 

0.397 

-0.056 

II 

« 

+  yeast. 

0.365 

0.152 

0.172 

0.324 

+0.041 

III 

li 

0.341 

0.303 

0.153 

0.456 

-0.115 

IV 

i( 

+  butter  fat. 

0.341 

0.223 

0.178 

0.401 

-0.060 

L 

56.3 

I 

Basal 

0.341 

0.195 

0.159 

0.354 

-0.013 

II 

(( 

+  yeast. 

0.365 

0.189 

0.156 

0.345 

+0.020 

III 

a 

0.341 

0.280 

0.145 

0  425 

-0.084 

IV 

a 

+  butter  fat. 

0.341 

0.163 

0.191 

0.354 

-0.013 

requirements  in  all  cases  except  Subjects  J  and  L,  Periods  I,  III, 
and  IV,  while  in  these  instances  it  was  lacking  in  only  0.02  gm. 

The  detailed  composition  of  the  diets  used  is  given  in  Table  II. 
The  calcium  content  of  the  foods  is  given  in  Table  I.  The  results 
of  the  urine  and  feces  analyses  will  be  found  in  Tables  III,  IV,  and 
V.  For  further  details  as  to  experimental  procedure  consult  the 
first  paper  of  this  series.* 

'  Givens,  M.  H.,  /.  Biol.  Chem.,  1917,  xxxi,  441. 
'  Sherman,  H.  C,  J.  Biol.  Chem.,  1920,  xliv,  21. 
*  Bogert,  L.  J.,  and  McKittrick,  E.  J.,  J.  Biol.  Chem.,  1922,  U.v,  363. 
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DISCUSSION. 

The  four  subjects  maintained  weight  and  remained  in  apparent 
health  during  the  experimental  period.  Subject  K  experienced 
difficulty  with  constipation  but  this  condition  was  relieved  bj'  the 
administration  of  mineral  oil  (Nujol)  during  the  first  period. 
The  division  of  the  feces  was  difficult  with  this  subject,  as  the 
marker  appeared  later  than  with  others  and  persisted  for  several 
days.     No  difficulty  was  experienced  in  consuming  the  diet  except 

T.\BLE  IV. 
Percentages  of  Daily  Calcium  Intake  Excreted. 


Subject. 

Period. 

Feces. 

Urine. 

Total. 

per  cent 

per  cent 

per  cent 

I 

I 

97.2 

33.1 

130.3 

II 

68.1 

34  0 

102.1 

III 

77.2 

36.9 

114.1 

IV 

64.5 

35.7 

100.2 

J 

I 

S3.0 

25.8 

108. 8 

II 

SO  1 

26.5 

106.6 

III 

74.9 

30.4 

105.3 

IV 

64.5 

31.4 

95.9 

K 

I 

72.7 

43.7 

116.4 

II 

41.7 

47.1 

88.8 

III 

88. S 

44.9 

133.7 

IV 

65.4 

52.2 

117.6 

L 

I 

57.2 

46.6 

103.8 

II 

51.8 

42.7 

94.5 

III 

82  1 

42.5 

124.6 

IV 

47.8 

56.0 

103.8 

in  Period  II,  when  there  was  a  feeUng  of  discomfort  and  lack  of 
appetite.  The  menstrual  period  of  three  subjects  was  included 
but  no  effect  on  the  calcium  metabolism  was  observed. 

The  data  on  average  daily  calcium  excretion  and  balances  are 
found  in  Table  III.  The  subjects  were  all  somewhat  in  negative 
balance  during  Periods  I  and  III.  The  amounts  of  calcium  excreted 
during  lioth  of  these  periods  on  the  basal  diet  are  not  uniform  for 
the  same  subjects,  while  there  are  also  variations  between  the 
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different  subjects  during  the  same  period.  For  instance,  Subjects 
I,  J,  K,  and  L  excreted  respectively  130.3,  108.8,  116.4,  and  103.8 
per  cent  of  the  calcium  intake  during  Period  I;  and  114.1,  105.3, 
133.7,  and  124.6  per  cent  during  Period  III  (see  Table  IV).  The 
actual  amounts  of  calcium  excreted  during  these  periods  range 
from  0.354  to  0.515  gm.,  with  an  average  of  0.430  gm.  per  day. 
Although  these  figures  do  not  show  as  much  individual  variation 

TABLE  v. 
Distribution  of  Calcium  in  Excreta. 


Feces. 

Urine. 

Total 

Subject. 

Period 

on  1^1 1 1  m 

Weight. 

Calcium. 

Volume. 

Calcium. 

Clltl.lUJIl. 

gm. 

per  cent 

gm. 

cc. 

gm. 

gm. 

I 

I 

68. 3 

2.25 

1.5.37 

2,744 

0.522 

2.0.59 

n 

63.5 

1.79 

1.140 

2, 100 

0.567 

1.707 

III 

64.2 

1.90 

1.220 

2,740 

0.586 

1.806 

IV 

44.2 

2.30 

1.019 

3,093 

0.565 

1.584 

J 

I 

53.6 

2.45 

1.313 

2,418 

0.406 

1.719 

II 

80.3 

1.67 

1.341 

2,  280 

0.443 

1.784 

III 

54.9 

2.15 

1.183 

2, 294 

0.479 

1.662 

IV 

48.6 

2.09 

1.018 

2,585 

0.497 

1.515 

K 

I 

74.8 

1.33 

0.991 

4,017 

0.597 

1.588 

II 

59.7 

1.02 

0.606 

3,053 

0.689 

1.295 

HI 

72.3 

1.67 

1.210 

4,435 

0.612 

1.822 

IV 

43.5 

2.06 

0.894 

4,170 

0.711 

1.605 

L 

I 

34.5 

2.26 

0.780 

2,185 

0.635 

1.415 

II 

47.2 

1.60 

0.758 

2, 980 

0.625 

1.383 

III 

81.0 

1.39 

1.122 

2,195 

0.578 

1.700 

IV 

45.8 

1.43 

0.653 

2,225 

0.762 

1.415 

as  is  often  found,  it  has  seemed  best,  in  drawing  conclusions 
concerning  the  effects  of  the  yeast  -and  butter  fat  in  Periods  II 
and  IV,  to  compare  the  calcium  excretion  and  balance  of  each 
subject  with  the  corresponding  figm'es  in  the  basal  period  immedi- 
ately preceding.  Differences  between  the  balances  of  Periods  I 
and  III  in  the  same  subject  might  be  explained  by  the  influence  of 
previous  diet  or  after  effects  of  the  yeast  taken  in  Period  II. 
Subject  J  showed  a  gradual  lowering  of  the  per  cent  of  calcium 
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excretod  during  Periods  I,  II,  and  III,  which  might  indicate  that 
this  subject  was  slow  in  adjusting  to  the  low  calcium  intake. 

On  the  examination  of  the  distribution  of  calcium  in  the  feces 
and  urine  (see  Table  V),  it  may  be  observed  that  the  amounts 
excreted  iii  the  urine  were  fairly  constant  for  each  individual,  while 
variations  in  total  calcium  output  are  to  be  ascribed  to  variations 
in  the  fecal  excretion.  There  is,  however,  quite  an  appreciable 
amount  of  calcium  in  the  urine,  ranging  from  24  to  .54  per  cent  of 
the  total  output.  This  is  contrary  to  what  might  be  expected 
from  statements  of  various  investigators.  The  proportion  in  the 
urine  seems  larger  in  Subjects  K  and  L.  With  Subject  K  this 
high  urinary  calcium  runs  parallel  with  a  large  volume  of  urine. 

It  has  been  noted  that  the  calcium  balances  during  these  two 
basal  periods  were  negative,  although  the  amounts  of  calcium 
furnished  by  the  diet  were  practically  adequate  to  meet  the  theoreti- 
cal requirements.  Either  the  calcium  requirement  of  these 
subjects  must  have  been  higher  than  the  average  theoretical 
requirement  given  by  Sherman,  or  else  poor  utilization  of  the  cal- 
cium resulted  from  some  undetermined  factor.  This  factor  is 
presumably  the  lack  of  vitamine  in  the  diet,  since  the  same 
subjects  were  able  to  maintain  equilibrium  or  a  positive  balance 
later  on  the  addition  of  yeast  or  butter  fat  to  the  diet. 

During  Period  II,  when  yeast  was  added  to  the  diet,  considerable 
discomfort  was  experienced.  The  bulk  of  feces  was  increased  and 
they  presented  a  frothy  appearance,  due  to  the  generation  of  large 
amounts  of  gas  in  the  alimentary  tract.  This  change  in  the  physi- 
cal character  of  the  feces  might  have  influenced  absorption.  The 
breaking  up  of  the  feces  by  bubbled  of  gas,  with  the  probability 
of  greater  surface  exposed,  might  have  favored  absorption.  On  the 
other  hand,  due  to  the  increased  bulk  of  the  intestinal  contents, 
the  number  of  movements  was  increased,  thus  creating  conditions 
less  favorable  to  absorption.  There  is,  however,  no  evidence  in 
the  data  to  support  fhe  assumption  that  poor  absorption  occurred, 
since  the  dry  weight  of  the  feces  was  not  consistently  increased 
(see  Table  V),  and  the  calcium  excretion  was  decidedly  decreased 
in  this  period  (Table  III).  On  exaanination  of  the  distriliution 
of  the  calcium  output  (see  Table  V),  it  may  be  observed  that  the 
urinary  calcium  was  not  changed  materially  with  Subjects  I,  J,  and 
L,  while  with  Subject  K  it  was  increased.     The  decrease  in  total 
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calcium  excretion  is  due,  therefore,  to  a  lowered  fecal  output, 
which  is  brought  about  by  a  decrease  in  weight  or  in  per  cent  of 
calcium  present  in  the  feces.  Comparison  of  the  per  cent  of  the 
calcium  intake  excreted  (Table  IV)  and  of  the  calcium  balances 
(Table  III)  in  Period  I  with  those  in  Period  II  gives  a  picture  of 
the  effect  of  the  yeast  upon  calcium  retention.  There  is  a  notice- 
able lowering  in  the  per  cent  of  calcium  intake  excreted  during 
Period  II  in  all  but  one  case.  This  decrease  amounted  to  28,  28, 
and  9  per  cent  for  Subjects  I,  K,  and  L  respectively,  but  Subject 
J  showed  a  decrease  of  only  2  per  cent.  The  yeast  seemed  to  have 
httle  or  no  effect  upon  calcium  excretion  in  Subject  J,  as  there 
was  but  a  slight  lowering  of  the  negative  balance,  which  continued 
in  Period  III.  Subject  I  showed  a  decided  decrease  in  negative 
balance,  while  Subjects  K  and  L  showed  change  from  a  negative 
to  a  positive  balance.  Hence  the  lowered  calciiun  excretion  cannot 
be  accounted  for  by  the  small  amounts  of  calcium  contained  in  the 
yeast,  but  must  be  due  to  the  influence  of  some  other  substance  or 
substances  added  in  the  yeast.  It  is  interesting  to  note  that  there 
was  an  increase  in  fecal  calcium  output  and  a  return  to  distinctly 
negative  balance  in  Period  III  after  withdrawal  of  the  yeast  from 
the  diet. 

The  results  obtained  in  Period  IV,  when  butter  fat  was  substi- 
tuted for  fat  from  nut  margarine,  were  very  similar  to  those  which 
followed  the  addition  of  yeast  to  the  diet.  With  Subject  I  the 
percentage  of  calcium  intake  excreted  was  14  per  cent  lower  than 
that  of  Period  III,  Subject  J,  9  per  cent.  Subject  K,  16  per  cent, 
and  Subject  L,  19  per  cent  (see  Table  IV).  The  calcium  balance 
of  Subject  I  was  changed  from  negative  to  equihbrium,  of  Subject 
J  from  negative  to  positive,  and  of  Subjects  K  and  L  to  markedly 
lowered  negative  balances  (Table  III).  The  changes  in  amounts 
of  calcium  excreted  were  again  due  to  decreased  fecal  output, 
brought  about,  in  this  case,  through  a  decided  drop  in  weight  of 
feces  (Table  V).  This  may  indicate  a  better  coefficient  of  digesti- 
bility for  several  constituents  of  the  diet.  Instead  of  showing  a 
lowering  of  the  per  cent  of  calcium  in  the  feces,  as  in  Period  II, 
the  percentage  of  calcium  was  increased  in  every  case  but  one. 
The  urinary  calcium  of  Subjects  I  and  J  remained  practically 
constant,  but  that  of  Subjects  K  and  L  was  materially  raised. 
It  is  very  apparent  that  there  is  some  factor  added  with  the  butter 
fat,  which  has  been  favorable  to  calcium  retention. 
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There  seems  to  be  but  little  difference  between  the  favorable 
influence  of  yeast  upon  calcium  retention  and  that  of  butter  fat, 
when  average  daily  calcium  balances  for  Periods  II  and  IV  are 
compared  with  those  for  Periods  I  and  III.  The  average  daily 
balances  of  the  four  subjects  follow:  Ca 

mg. 

Period      I -0.056 

«         11 +0.006 

"       III -0  069 

«        IV -0.014 

When  the  balances  of  only  three  subjects  are  considered,  since  diffi- 
culty in  marking  off  the  feces  into  periods  may  make  the  results 
obtained  with  Subject  K  less  reliable,  the  results  appear  as  follows: 

Ca 

Period      I -0.056 

"         II -0.005 

III' ,,,_,, -0.053 

"        IV ±0.000 

When  four  subjects  are  considered  the  yeast  seems  to  have  been 
very  slightly  more  efficient  in  promoting  calcium  retention  than  the 
butter  fat,  but  when  considering  only  three  subjects,  there  is 
practically  no  difference.  It  seems  surprising  that  the  addition 
of  small  amounts  of  yeast  and  butter  fat  to  the  diet  should  show 
such  pronounced  effects  upon  calcium  assimilation  when  the 
experimental  periods  were  hmited  to  4  days. 

CONCLUSIOXS. 

1.  The  addition  of  yeast  to  a  basal  diet,  practically  free  from 
vitamines,  led  to  lowered  excretion  of  calcium  in  normal  women. 
This  was  shown  in  three  of  the  four  subjects,  by  the  excretion  of  a 
smaller  percentage  of  the  calcium  intake,  by  a  diminished  percentage 
of  calcium  in  the  feces,  and  by  decided  changes  in  calcium  balance. 
The  negative  balance  was  changed  to  positive  in  two  cases,  while 
the  third  subject  was  brought  practically  into  equilibrium  in  this 
period.  The  ingestion  of  yeast  had  little  effect  upon  the  calcium 
excretion  of  the  fourth  subject. 

2.  The  substitution  of  an  equal  weight  of  purified  butler  fat  for 
purified  fat  from  nut  margarine  in  the  "  vitamine-free"  diet  also 
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resulted  in  decreased  calcium  elimination.  All  four  subjects  excreted 
a  smaller  percentage  of  the  calcium  intake  during  this  period,  and 
showed  a  marked  lowering  of  the  negative  calcium  balances  in 
two  cases,, a  change  from  negative  to  positive  balance  in  a 
third,  and  to  equilibrium  in  a  fourth  case.  The  decreased  fecal 
output  was  brought  about  by  a  diminished  weight  of  feces  rather 
than  by  a  lowering  of  the  percentage  of  calcium  in  the  feces. 

3.  The  above  facts  might  indicate  either  an  improved  absorption 
or  a  decreased  elimination  of  calcium  through  the  intestinal  wall 
during  the  periods  when  yeast  or  butter  fat  was  taken,  and  they 
suggef:i  some  influence  of  the  vitamine  content  of  the  diet  upon  calcium 
assimilation. 

BIBLIOGRAPHY. 

1.  Hart.  E.  B.,  McCollum,  E.  V.,  and  Humphrey,  G.  C,  Wisconsin  Exp. 

Station,  Research  Bull.  5,  190S. 

2.  Hart,  E.  B.,  Steenbock,  H.,  and  Humphrey,  G.  C,  Wisconsin  Exp. 

Station,  Research  Bull.  49,  1920. 

3.  Forbes.  E.  B.,  Halverson,  J.  O.,  and  Morgan,  L.  E.,  Ohio  Agric.  Exp. 

Station,  Bull.  330,  191S. 

4.  Forbes,  E.  B.,  Schulz,  J.  A.,  Hunt.  C.  H.,  Winter,  A.  R.,  and  Remler, 

R.  F.,  J.  Biol.  Chem.,  1922,  Hi,  281. 

5.  Meigs,  E.  B.,  Blatherwick,  N.  R.,  and  Gary,  G.  A.,  J.  Biol.  Chem-., 

1919,  xl,  469. 

6.  Hart,  E.  B.,  Steenbock,  H.,  and  Fuller,  J.  G.,  Wisconsin  Exp.  Station, 

Research  Bull.  30,  1914. 

7.  Hart,  E.  B.,  Miller,  W.  S.,  and  MoCoUum,  E.  V.,  /.  Biol.  Chem.,  1916, 

XXV,  239. 

8.  Steenbock,  H.,  .and  Hart,  E.  B.,  J.  Biol.  Chem.,  1913,  xiv,  59. 

9.  Hart,  E.  B.,  Steenbock,  H.,  and  Hoppert,  C.  A.,  J.  Biol.  Chem.,  1921, 

xlviii,  33. 

10  Robb,  E.  F.,  Science,  1920,  lii,  510. 

11  Shipley,  P.  G.,  Park,  E.  A.,  McCollum,  E.  V.,  Simmonds,  N.,  and 

Parsons,  H.  T.,  J.  Biol.  Chem.,  1920-21,  xlv,  343. 
12.  Park,  E.  A.,  and  Rowland,  J.,  Bull.  Johns  Hopkins  Hosp.,  1921,  xxxu, 

341. 
13    Hess,  A.  F.,  J.  Am.  Med.  Assn.,  1921,  Ixxvi,  693. 

14.  Hess,  A.  F.,  and  Unger,  L.  J.,  J.  Am.  Med.  Assn.,  1920,  Ixxlv,  217. 

15.  Hess,  A.  F.,  McCann,  G.  F.,  and  Pappenheimer,  A.  M.,  J.  Biol.  Chefm., 

1921,  xlvii,  395. 

16.  McCollum,  E.  V.,  Simmonds,  X.,  Shipley,  P.  G.,  and  Park,  E.  A., 

J.  Biol.  Chem.,  1922,  I,  5. 

17.  Shipley,  P.  G.,  Park,  E.  A.,  ISIcCollum,  E.  V.,  and  Simmonds,  N., 

Am'.  J.  Hyg.,  1921,  i,  512. 

18.  McCollum,  E.  V.,  Simmonds,  N.,  Becker,  J.  E.,  and  Shipley,  P.  G., 

Bull.  Johns  Hopkins  Hosp.,  1922,  xxxiii,  229. 

19.  Howhuid,  J.,  and  Kramer,  B.,  Am-.  J.  Dis.  Child.,  1921,  xxii,  105. 


ANTIKETOGENESIS. 

IV    THE  KETOGENIC-ANTIKETOGENIC  BALANCE  IN  MAN  AND  ITS 
SIGNIFICANCE  IN  DIABETES.* 

By  PHILIP  A.  SHAFFER. 

{From  the  Laboratory  of  Biological  Chemistry,  Washington  University  School 
of  Medicine,  St.  Louis.) 

(Received  for  publication,  August  10,  1922.) 

The  first  paper  in  tliis  series  (1)  describes  how,  in  a  search  for 
an  explanation  of  the  manner  by  which  the  metaboUsm  of  cai-bo- 
hydrate  prevents  the  appearance  of  the  "acetone  bodies,"  it 
was  discovered  that  when  glucose  is  oxidized  by  hydrogen  perox- 
ide in  alkaline  solution,  acetoacetic  acid,  if  present,  is  also  o:d- 
dized  quite  rapidly,  whereas  in  the  absence  of  glucose,  acetoacetic 
acid  under  otherwise  the  same  conditions  is  rather  resistant  to 
oxidation.  An  oxidation  product  of  glucose  combines  wth  aceto- 
acetic acid  and  the  compound  is  further  oxidized.  This  "ketoly- 
tic"  beha\ior  of  glucose  in  vitro  is  e\'idently  analogous  to  the  "an- 
tiketogenic" property  of  carbohydrate  in  preventing  or  abolishing 
ketonuria  in  the  human  subject.  The  reaction  has  since  been 
studied  in  greater  detail  and  will  be  reported  on  in  forthcoming 

papers. 

In  a  second  paper  (2)  the  hypothesis  was  developed  that  anti- 
ketogenesis  in  the  human  subject  is  based  upon  a  similar  ketoly- 
tic  reaction  in  the  body  between  acetoacetic  acid,  the  first  formed 
of  the  "acetone  bodies,"  and  a  derivative  of  glucose  (or  of  other 
antiketogenic  substances),  the  compound  being  further  oxidized: 
but  that  failing  to  react  wth  ketolytic  substance  acetoacetic  acid 
is  resistant  to  oxidation,  accumulates,  and  (after  conversion  in 
part    into  acetone  and  hydroxybutyric  acid)   is  excreted.     Ac- 

*  The  subject  matter  of  this  paper  formed  the  basis  of  a  communication 
before  the  .\merican  Society  of  Biological  Chemists  in  December,  1931. 
The  methods  of  calculations  then  used  have  been  slightly  modified  and 
some  data  have  been  added,  but  the  conclusions  are  the  same. 
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cording  to  this  idea,  abnormal  amounts  of  acetone  bodies  would 
appear  among  the  metabolic  products  only  when  the  rate  of  keto- 
genic  catabolism  exceeds  the  rate  of  antiketogenic  (ketolytic) 
catabolism. 

The  testing  of  this  hypothesis  required  the  evaluation  in  common 
terms  of  all  of  the  respective  ketogenic  and  antiketogenic  in- 
fluences of  protein,  fat,  and  carbohydrate,  which  substances  and 
their  products,  in  very  variable  quantities,  together  make  up  the 
"metabolic  mixture."  The  values  assigned  to  these  several 
factors  were  calculated  from  theoretical  data  on  the  assumptions 
that  each  molecule  of  fatty  acid  and  of  the  ketogenic  amino- 
acids  is  the  precursor  of  1  molecule  of  acetoacetic  acid;  that  2 
molecules  of  glycerol  (of  fat)  are  converted  into  1  of  glucose; 
that  the  protein  amino-acids  are  converted  into  glucose  to  the 
extent  of  3.6  gm.  for  each  gram  of  (urine)  nitrogen;  and  thatcarbo- 
hydrate,  including  the  glucose  from  glycerol  and  protein,  exerts 
its  ketolytic  action  in  the  form  of  the  six  carbon  molecule  of  glucose. 

On  the  basis  of  these  assumptions  the  data  from  various  sub- 
jects were  analyzed  for  the  purpose  of  determining  what  ratio  of 
ketogenic  molecules  to  antiketogenic  molecules  (as  glucose)  exists 
in  the  metabolic  mixture  when  small  but  distinctly  abnormal 
amounts  of  the  acetone  bodies  first  make  their  appearance,  fhat 
is,  the  border-hne  of  ketosis.  The  results  of  such  calculations 
appeared  to  show  that  the  ratio  in  all  of  the  subjects  was  approxi- 
mately 1:1  (the  ketogenic  factors  being  calculated  as  gram  mols 
of  acetoacetic  acid  and  the  antiketogenic  factors  as  gram  mole- 
cules of  glucose).  The  same  conclusion  was  also  reached  from  a 
study  (3)  of  the  ketogenic  ratio  by  means  of  respiratory  quotients; 
and  Woodyatt  (4)  has  found  that  such  a  conclusion  is  in  accord 
with  his  clinical  experience.  Hubbard  and  Wright  (5)  have 
reported  experiments  on  the  same  topic,  and  their  data  are  quite 
in  harmony  with  the  same  general  conclusion. 

The  fact  that  with  a  considerable  number  of  different  subjects, 
worked  upon  by  different  observers,  one  finds  at  the  threshold 
of  ketosis  an  approximately  constant  ratio  between  the  nimiber  of 
molecules  of  the  precursors  of  acetoacetic  acid  and  of  glucose  in 
the  metabolic  mixture,  m\ist  mean  that  the  further  oxidation  of 
acetoacetic  acid  constantly  taking  place  under  normal  conditions 
is  accomplished  through  a  chemical  reaction  with  a  derivative 
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of  glucose,  and  presumably  this  reaction  is  more  or  less  similar 
to,  if  not  the  same  as,  the  in  vitro  ketolytic  reaction. 

If  this  is  the  case  and  if  one  can  evaluate  the  various  factors  in 
the  ketolytic  reaction  with  sufficient  accuracy  it  should  be  possible 
to  draw  up  a  ketogenic-antiketogenic  balance  for  any  given  subject 
and  from  the  excess  of  ketogcnic  molecules,  predict  the  amount  of 
acetoacetic  acid  (total  "acetone  bodies")  which  would  be  excreted. 
The  ability  thus  to  predict  the  effect  of  any  ketogenic  balance  would 
be  of  great  scientific  interest  in  connection  with  the  intermediaiy 
metabolism  of  the  three  foodstuffs,  and  besides  would  have  a 
very  considerable  practical  value  as  the  basis  for  the  dietetic 
treatment  of  diabetes  and  obesity.  In  diabetes  especially,  such 
information  would  permit  a  rational  formulation  of  diets  to 
accomplish  the  essential  aims,  (a)  to  spare  the  carbohydrate  toler- 
ance from  overstrain  and  (6)  to  avoid  by  safe  margin  ketosis  and 
its  consequences,  while  maintaining  the  plane  of  nutrition  as  high 
as  permissible.  The  diabetic  dietary  has  indeed  already  been 
considered  from  the  point  of  view  of  the  ketogenic  balance  (4 
to  8)  and  a  development  along  these  hnes  appears  full  of  promise. 

The  evaluation  of  the  factors  of  the  ketogenic  balance  is  ob- 
viously a  complex  and  difficult  problem,  not  only  because  of  the 
uncertainty  as  to  the  ketogenic  versus  antiketogenic  equivalence 
of  fat,  proteins,  and  carbohydrate,  but  also  for  the  reason  that  any 
chemical  reaction  taking  place  in  such  a  many  phase  system  as 
the  animal  body  doubtless  proceeds  under  different  conditions  in 
different  tissues  or  cells  and  at  different  times  and  is  influenced 
by  many  unknown  factors.     Furthermore,  the  calculation  of  an 
approximately  correct  ketogenic  balance  sheet  requires  an  accurate 
knowledge  of  how  much  protein,  sugar,  and  fat  are  being  catab- 
olized    and    this  information  is  in  nearly  all  cases  uncertain,— 
especially  uncertain  regarding  fat.     And  since  all  of  the  various 
errors  in  the  determinations  and  assumptions  underlying  the  cal- 
culation of  the  ketogenic  balance  are  accumulated  in  the  end- 
result,  the  "balance,"  it  can  scarcely  be  expected  that  we  may 
immediately   arrive   at  even   an   approximate   estimate   of   the 
quantities  involved  in  the  ketogenic  balance.     The  attempts  to 
calculate  a  "balance"  or  absolute  excess  of  ketogenic  or  antiketo- 
genic factors  puts  the  hypothesis  to  a  very  severe  test,  so  severe 
that  perhaps  uniform  success  would  not  be  expected.     Neverthe- 
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less,  the  data  to  be  presented  iiulicate  that  an  approach  to  this 
complex  problem  is  possible  and  that  by  justifiable  assumptions, 
based  upon  the  general  hypothesis  as  to  the  ketolytic  reaction, 
one  may  explain  in  many  cases  not  only  the  threshold  of  ketosis, 
but  also  the  amounts  of  total  acetone  bodies  excreted  V)y  different 
human  subjects  with  marked  ketosis.  The  hypothesis  thus  ap- 
pears to  gain  strong  support,  and  may  be  applied  with  some  con- 
fidence to  certain  fundamental  problems  in  the  metabolism  of 
diabetes. 

In  a  former  paper  (2)  it  was  pointed  out  (pp.  466  and  471) 
that  although  a  molecular  ratio  of  about  1 : 1  appears  to  exist  at 
the  threshold  of  ketosis,  the  amount  of  acetone  bodies  actually 
excreted  by  subjects  with  marked  ketosis  is  much  less  than  cor- 
responds to  the  calculated  excess  of  ketogenic  over  total  glucose 
molecules;  and  it  was  there  suggested  that  this  fact  indicates 
error  in  some  of  the  assumptions  or  some  of  the  factors  in  the 
calculation.  An  example  will  illustrate  the  discrepancy.  Bene- 
dict's fasting  subject  "L"  (9)  on  the  14th  day  of  fast,  catabolized 
protein  corresponding  to  10.43  gm.  of  urine  nitrogen  and  117 
gm.  of  body  fat,  but  oxidized  no  carbohydrate.  Such  a  meta- 
bolic mixture  would  represent,  according  to  the  first  method  of 
calculation  (2,  p.  457)  the  following: 


10.43  gm.  N. 
117  gm.  fat.. 


Ketogeuic. 


millimoh 

104  (10.43  X  10) 
401  (117  X  3.43) 


Antiketogenic. 


millimots 

208  (10.43  X  20) 
67  (117  X  0.57) 


505-275  =  230  excess  ketogenic  millimols  X  0.104  =  24  gm.  total 
hydroxybutyric  acid  expected. 

The  actual  excretion  was  not  more  than  about  7  gm.  of  total 
hydroxybutyric  acid,  or  about  17  gm.  less  than  calculated.  Such 
discrepancies  appear  to  be  regularly  found  with  marked  ketosis, 
and  probably  indicate  one  of  the  following  possibilities:  (a) 
Some  of  the  accumulating  acetoacetic  or  hydroxj^butyric  acids  are 
oxidized  without  reaction  with  the  ketolytic  substances;  (b) 
the  estimates  of  the  amounts  of  acetoacetic  acid  derivable  from 
fat  and  protein  are  too  high;  (c)  glucose,  or  other  ketolytic  sub- 
stances derived  from  protein  and  glycerol  of  fat  have  greater 
antiketogenic  influence  than  the  values  assigned. 
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Of  these  three  possibilities,  the  fii'st,  the  oxidation  of  keto-  or 
hydroxj'-acid  without  ketol>i:ic  reaction  cannot  be  decided  at 
present,  and  may  perhaps  be  held  in  reserve  as  a  sort  of  last  re- 
sort in  case  the  facts  cannot  be  other\vise  interpreted.  To  admit 
at  the  outset  such  a  variable  would  greatly  compUcate  the  cal- 
culations needed  to  test  the  other  two  possibiUties,  and  for  the 
present  it  is  tentatively  assumed  that  no  such  direct  oxidation 
takes  place. 

Since  for  reasons  already  given  (2,  p.  467),  it  seemed  unUkely 
that  the  values  adopted  for  the  ketogenic  factors  were  very 
greatly  in  error,  it  appeared  necessary  fu'st  to  question  the  values 
for  the  antiketogenic  factors.  Antiketogenic  substances  are 
derived  from  certain  of  the  amino-acids,  and  probably  from 
glycerol  of  fat  as  well  as  from  carbohydrate.  Whether  the  ac- 
tive ketolytic  substances  from  all  three  sources  are  different,  or 
are  the  same  cannot  be  definitely  settled  at  present,  but  our 
original  assumption  seems  the  more  probable.  Hubbard  and 
\Yright  (.5)  interpret  their  data  in  support  of  this  assumption.  The 
fact'that  the  blood  of  fasting  normal  subjects  continues  to  contain 
the  usual  amount  of  sugar,  indicates  its  continued  formation  from 
substances  other  than  carbohydrate,  in  normal  (as  well  as  diabetic) 
indi\dduals,  and  supports  the  idea  that  glucose  is  a  normal  in- 
termediate in  protein  (and  glycerol?)  metabolism. 

We  shall,  therefore,  suppose  that  the  antiketogenic  action  of 
protein  and  of  fat  is  represented  by  the  amounts  of  glucose  to  which 
they  may  give  rise,  and  consider  the  maximum  ketolytic  effect 
of  glucose. 

The  fhst  possibility  that  suggested  itself  was  that  1  molecule 
of  glucose  (or  more  strictly  its  active  ketolytic  derivative)  may 
react  mth  2  instead  of  with  1  molecule  of  acetoacetic  acid.  This 
idea  seems  very  probable  from  the  fact  that  further  work  on  the 
in  vitro  ketolytic  reaction  shows  that  under  proper  conditions 
1  molecule  of  glucose  accomplishes  the  disappearance  of  2  mole- 
cules of  keto-acid,  when  the  latter  is  present  in  excess.  Other 
related  substances,  such  as  other  hexoses,  glycol  aldehyde  and 
glyoxal,  behave  similarly,  with  the  latter  no  oxidation  being  neces- 
sary. A  detailed  account  of  the  in  vitro  reaction  will  be  presented 
in  later  papers  and  need  not  be  entered  upon  here  except  to  state 
that  the  e\idence  points  to  a  reaction  between  1  molecule  of  a 


404  Antiketogcncsis.     IV 

glucose  derivative  (probably  glucosone),  and  2  of  acetoacetic  acid. 
If  1  molecule  of  glucose  (or  its  derivative)  reacts  mth  2  of  keto- 
acid,  the  effect  would  be  to  double  the  values  assigned  the  anti- 
ketogenic factors  in  our  calculations. 

When  this  modification  is  tried  on  various  data,  the  discrepancy 
is  usually  much  less,  hid  it  leads  to  the  expectation  of  considerably 
less  acetone  bodies  than  the  aynoiints  actiiaUy  excreted.  Using  the 
data  of  Subject  "L"  above  mentioned  as  an  example,  the  antiketo- 
genic sum  would  be  275  X  2  =  550  antiketogenic  equivalents 
and  would  exceed  by  45  the  sum  of  ketogenic  millimols,  and  if  the 
reaction  in  the  body  as  a  whole  were  strictly  quantitative,  no 
ketosis  would  be  expected. 

Of  course  such  a  reaction  cannot  be  strictly  quantitative  in  the 
body  as  a  whole,  but  with  marked  ketosis  it  may  approach  a 
quantitative  relationship.  Wlien  the  metabolic  mixture  is  such 
that  a  large  excess  of  keto-acid  molecules  is  formed  compared 
with  the  total  glucose  being  burned,  one  may  imagine  that  prac- 
tically every  glucose  molecule  encounters  keto-acid,  with  conse- 
quent approach  to  complete  utilization  of  all  available  antiketo- 
genic substance.  The  best  that  can  be  done  is  to  choose  subjects 
with  marked  ketosis,  and  tentatively  assuming  that  the  ketolytic 
reaction  in  the  body  as  a  whole  is  approximately  quantitative  under 
such  conditions,  determine  by  trial  what  values  for  the  ketogenic 
and  antiketogenic  effects  of  protein  and  fat  best  correspond 
with  the  amounts  of  total  acetone  bodies  actually  excreted. 

Since  we  feel  confident  from  the  in  vitro  work  that  the  ketolytic 
reaction  ratio  is  1  of  glucose  to  2  of  keto-acid,  wc  interpret  the 
discrepancy  in  the  calculated  "balance"  (above  illustrated)  to 
mean  either  that  the  amount  of  keto-acid  derived  from  protein 
is  larger  than  indicated  by  the  analyses  of  leucine,  tyi-osine,  and 
phenylalanine,  or  that  the  amount  of  glucose  derived  from  pro- 
tein and  glycerol  is  less  than  the  values  used  in  the  calculations. 

The  latter  alternative  first  seemed  the  more  likely  for  the  follow- 
ing reason.  The  value  adopted  in  earlier  papers  for  the  glucose 
equivalent  of  protein  was  based  upon  the  maximum  D:N  ratio 
of  3.6:1,  which  appears  to  have  been  established  by  the  work  of 
Lusk  and  others.  At  the  time  of  wi-iting  the  earlier  papers,  the 
fact  was  overlooked  that  since  this  ratio  actually  is  an  expression 
of  the  relative  amounts  of  urinary  nitrogen  and  glucose,  and  since 
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it  is  assumed  that  all  glucose  formed  in  the  body  is  excreted  when 
the  D:N  ratio  is  3.65:1,  one  is  hardly  justified  in  accepting  that 
ratio  as  indicating  the  amount  of  glucose  derivable  from  protein, 
and  assuming  an  additional  derivation  from  glycerol.  For  if  the 
latter  assumption  is  correct,  some  portion  of  the  glucose  excreted 
by  the  "total"  diabetic  or  the  completely  phlorhizinized  animal 
m^ust  have  come  from  glycerol,  and  the  D:N  ratio  would  there- 
fore be  greater  than  actually  represents  the  maximum  deriva- 
tion from  protein.  The  assmnption  as  to  glycerol  thus  seemed 
inconsistent  with  the  value  adopted  for  the  antiketogenic  frac- 
tion of  protein.  Based  on  this  reasoning,  I  adopted  a  lower  value 
for  the  glucose  equivalent  of  protein,  corresponding  to  a  D:N 

TABLE  I. 

Ketogenic-Aniiketogenic  Influence  of  Foods. 
Basis  of  calculations  presented  to  American  Society  of  Biological  Chemists, 
and  since  slightly  revised.  


Fat 

Protein,  1  gm.  N 

Carbohydrate  glucose 


Per  gram. 


Calo- 
ries. 


mols 
9.46 
26.5 
3.76 


Keto- 
genie. 


milli- 
moh 

3.4.3 

11.7 
0 


Anti- 
keto- 
genic. 


mols 
1.14 
33.0 

11.12 


Excess. 


Keto- 
genic. 


milli- 
■mols 

2.29 


Anti- 
keto- 
genic. 


milli- 
mols 


21.3 
11.12 


Per  calorie. 


Keto- 
genic. 


milli- 
TTiols 

0.363 
0.442 


Anti- 
keto- 
genic. 


milli- 
mols 

0.1205 

1.245 

2.96 


Excess. 


Keto- 
genic. 


milli- 
viols 

0.242 


.Anti- 
keto- 
genic. 


milli- 
moh 


0.803 
2.96 


ratio  of  3:1,  (1  gm.  of  urine  N  X  16.5  =  milhmols  glucose  from 
protein).  Using  this  value  instead  of  N  X  20,  the  value  used  in 
earlier  papers  and  multiplying  the  total  mols  of  glucose  by  2 
to  give  its  antiketogenic  equivalents,  I  analyzed  data  from  a 
number  of  subjects  with  rather  striking  agreement  between  the 
calculated  and  actual  hydroxybutyric  acid  (total  excretion). 
These  results  and  certain  deductions  from  them  were  presented 
before  the  American  Society  of  Biological  Chemists  in  December, 
1921  (10).  The  factors  used  in  those  calculations  are  given  in 
Table  I.  These  values  veiy  often  work  surprisingly  well,  but  since 
they  were  later  modified  it  is  hardly  worth  while  to  print  the  tables 
of  calculations. 
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Later  analysos  of  other  data  have  made  me  doubt  the  wisdom 
of  reducing  the  estimate  of  the  glucose  equivalent  of  protein,  and 
point  rather  to  the  conclusion  that  the  first  estimate  of  the  keto- 
genic  value  of  protein  is  too  low.  The  reasons  for  this  doubt  are 
briefly  as  follows.  Well  authenticated  results  from  a  very  few 
notably  severe  cases  of  diabetes  show  on  occasional  periods  an 
excretion  of  glucose  definitely  greater  than  corresponds  to  a  D:N 
ratio  of  3.6  and  which  can  be  accounted  for  best  by  assuming  the 
formation  of  about  3.6  gm.  from  protein  for  each  gram  of  nitro- 
gen and  the  conversion  of  glycerol  into  glucose.  The  results  for 
the  Du  Bois  and  Lusk  case  ''Cyril  K"  (11)  on  December  15  to 
17  are  a  good  example;  57  gm.  of  glucose  were  excreted  during  3 
days  over  and  above  the  amount  calculated  from  a  maximiun 
D:N  of  3.65.  The  explanation  seems  justifiable  that  the  surplus 
glucose  was  formed  from  the  glycerol  of  fat  burned.  If  such  be 
accepted  for  a  single  case,  it  would  seem  necessary  to  assume  as 
great  a  derivation  of  glucose  from  protein  and  glycerol  by  other 
subjects  who,  however,  burn  all  or  some  portion  of  it.  But  if 
glucose  is  formed  to  this  extent,  the  estimate  of  the  ketogenic- 
value  of  protein  must  be  increased,  because  the  result  of  the  metab- 
olism of  protein  is,  in  many  subjects  at  any  rate,  the  excretion  of 
more  hydrox-j^butyric  acid  than  would  otherwise  be  expected 
from  the  calculated  "balance."  Since  the  analyses  of  muscle 
protein  for  the  ketogenic  amino-acids  probably  represent  mini- 
mum values,  a  higher  ketogenic  value  than  that  calculated  would 
not  be  surprising. 

After  many  tiials  on  the  data  of  many  subjects,  I  have,  therefore 
arbitrarily  increased  the  protein  ketogenic  factor  by  50  per  cent. 
The  justification  for  the  change  is  that  calculations  show  better 
agreement. 

The  factors  for  the  calculation  of  the  ketogenic  balance,  modified 
as  explained  above,  may  be  summarized  as  follows.  In  this  form 
there  are  only  two  changes  from  the  factors  used  in  the  earlier 
papers ;  an  increase  in  the  ketogenic  value  of  protein,  and  the  multi- 
plication of  the  total  mols  of  glucose  by  2  to  give  the  "total  anti- 
ketogenic equivalents." 
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Ketogenic  Equivalent  as  Millimols  Acetoacetic  Add. 

Protein  (a)  gm.  urine  N  X  15 

3  X  1,000  ,  .  sx  5  A5 

Fat  .    (6)  gni.  fat  bunicd  X    ■     ^..^        =  g™-  fat  X  3.43 

or,  since  1  gm.  fat  =  9.4G  Cal., 

Calories  of  fat  burned  X  ^^^  X  3.43  =  fat  Cal.  X  0.363 

Glucose  Equivalents  in  Millimols. 
Carbohydrate         (c)  gni.  glucose  X   —  =  gm.  glucose  X  5.56 

3.G  X  1.000  .       „  ^  ,„ 

Protein  (rf)  gm.  urine  N  X  :^^ =  urine  N  X  20 

,  1   X    1,000  (    ^  ^    r,    ^T 

Fat  (e)  gm.  fat  burned  X    ^.^  ^  ^    =  gm.  fat  X  0.57 

1  X  1,000  ^  ,     ,,..,„„, 

or  Calories  of  fat  burned  X  gy^  ^  2  X  9.46  " 

Total  ketogejiic  mols  _  a  +  h 
"Ketogenic  ratio"     ^otal  mols  glucose     "  c  +  d  +  e 

"Ketogenic  balance"  =  Total  ketogenic  mols  -  (2  X  total  glucose  mols) 
=  (a  +  h)  -2  (c  +  d  +  e). 

Testing  the  Ketogenic-Antiketogenic  Factors. 

We  may  now  see  how  the  factors  developed  above  work  out  when 
applied  to  data  from  various  subjects  with  severe  ketosis.  With 
the  exception  of  one  case  of  diabetes,  all  of  the  data  are  taken 
from  the  work  of  others  already  published.  A  large  part  of  the 
suitable  data  which  I  have  found  in  the  literature  is  included, 
and  I  have  7iot  excluded  data  which  show  poor  agreement  with  the 
calculations. 

For  the  calculation  of  the  ketogenic  balance  it  is  necessary  to 
know  the  amounts  of  the  three  foodstuffs  metabolized,  and  to 
be  able  to  assume  that  the  proportions  remained  approximately 
constant  during  the  period.  On  the  latter  point  one  can  have  no 
assurance.  The  protein  metabolized  is  reckoned  from  the  urinary 
nitrogen.     Food  carbohydrate,  if  not  excreted  as  glucose,  is  sup- 
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posed  to  be  Inirned;  in  the  cases  with  severe  ketosis  to  be  discussed, 
fasting  and  diabetics,  very  little  glucose  (except  from  protein  and 
glycerol)  could  have  been  burned,  and  the  assumption  is  approxi- 
mately correct.  The  only  way  to  determine  the  amount  of  fat 
burned  is  by  calculation  from  the  total  metabolism,  and  this  is 
one  of  the  chief  errors  and  difficulties.  Few  if  any  subjects  with 
marked  ketosis,  and  with  determinations  of  the  total  acetone, 
have  been  studied  for  whole  days  or  long  periods  in  a  respiration 
apparatus.  Many  data  are  available  which  include  determina- 
tions of  resting  metabolism  for  short  periods,  but  considerable 
additions  must  be  added  to  cover  muscular  acti\ity  and  other  in- 
creases of  metabolism  throughout  the  day,  and  the  amount  of 
these  additions  is  scai-cely  better  than  a  guess.  Until  suitable 
subjects  are  studied  continuously  in  a  calorimeter,  all  one  can  do 
is  to  estimate  the  total  calories  of  metabolism.  From  this  doubt- 
ful estimate  the  fat  burned  may  be  calculated  by  subtracting  the 
protein  calories  (urine  N  X  26.5)  and  carboln'drate  if  any  (glu- 
cose X  3.76),  and  dividing  the  remainder  by  9.4  Cal. 

In  most  of  the  cases  to  be  analyzed  the  data  regarding  total 
metabohsm,  and  therefore  of  fat  burned,  are  admittedly  question- 
able, and  to  any  who  are  inclined  to  doubt  their  value  on  this  ac- 
count, it  can  only  be  said  that  they  represent  the  best  now  available 

Fasting  Subjects. 

Subject  "L"  during  31  Day  Fast  (F.  G.  Benedict,  5).— The  data 
from  this  well  known  experiment  are  among  those  most  suitable 
for  our  calculation,  and  have  been  used  on  earlier  pages.  For  each 
of  the  31  days  of  the  fast,  Benedict  records  the  probable  total 
energy  exchange  for  24  hours.  The  respiratory  quotients  on  the 
4th  day  indicate  that  only  4.3  gm.  of  glycogen  were  oxidized, 
and  we  have  assumed  that  beginning  with  the  5th  day  no  carbo- 
hydrate (other  than  that  derived  from  protein  and  fat)  was  burned. 
From  the  5th  day  on,  the  total  energy  was  thus  derived  from  fat 
and  protein,  and  the  total  calories  minus  the  protein  calories 
(urine  N  X  26.5)  equals  the  fat  calories.  The  ketogenic  balance 
is  calculated  by  multiplj-ing  the  corresponding  amounts  of  protein 
(nitrogen)  and  of  fat  (or  calories  from  fat)  by  the  respective  fac- 
tors given  on  page  407.  The  excess  of  ketogenicover  antiketogenic 
equivalents  multipHed  by  0.104  (104  being  the  molecular  weight 
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of  hyclroxybutyric  acid),  gives  the  expected  total  hydroxj'butyric 
acid  in  grams.  Unfortunately  for  our  purpose,  the  acetone  and 
acetoacetic  acid  excretion  was  not  determined  and  Benedict  re- 
cords only  the  urinary  hydroxy  butyric  acid;  the  total  acetone 
bodies,  however,  include  not  only  acetone  and  acetoacetic  acid 
of  urine  but  acetone  exhaled,  and  this  total  we  have  estimated  at 
about  50  per  cent  greater  than  the  amount  of  the  recorded  hy- 
droxybutyric  acid.  While  such  an  estimate  is  admittedly  a  rough 
approximation,  the  total  is  not  large  and  the  error  cannot  be  very 
serious. 

The  details  are  given  in  Table  II.  It  vdW  be  noted  that  although 
there  are  fluctuations  in  the  degree  of  agreement  between  expected 
and  excreted  total  hydroxj^butyric  acid  from  day  to  day  (Columns 
13  and  14)  the  uniform  similarity  of  the  figures  is  striking.  The 
totals  for  27  days  are  133  gm.  expected  and  162  gm.  excreted,  an 
agreement  which  is  close  enough  to  indicate  that  the  basis  of 
calculation  is  at  least  approximatelj'  correct. 

Fasting  Obese  Woman  "Mrs.  McK"  of  Means  {12)  andFolin  and 
Denis  (IS). — This  subject  underwent  three  fasts  of  4  and  5  days 
each,  separated  by  an  interval  of  several  days  with  food.  Toward 
the  close  of  each  fast  she  excreted  from  17  to  24  gm.  of  total  hy- ' 
droxybutyric  acid.  The  resting  metabolism  was  determined  by 
Means  from  which  the  total  energy  exchange  maj^  be  roughly 
estimated  by  adding  10  per  cent  to  allow  for  the  increased  metab- 
olism resulting  from  muscular  activity.  This  addition  is  ad- 
mittedly subject  to  considerable  error,  but  is  approximately  the 
estimate  by  Du  Bois  to  cover  the  extra  metabolism  from  muscular 
acti\dt}^  of  a  hospital  patient,  and  is  perhaps  as  close  as  it  is  possible 
to  estimate  the  dailj^  energy  exchange  of  such  subjects  without 
continuous  determinations. 

To  the  energy  exchange  it  is  theoretically  necessary  to  add  the 
calorie  value  of  the  material  excreted  unburned,  in  this  case  the 
acetone  bodies,  since  they  were  derived  from  fat  and  protein 
catabolized,  even  though  incompletel}^  The  sum  of  these  quanti- 
ties then  represents  the  calorie  value  of  the  total  material  catab- 
olized, which  is  assumed  to  consist  in  this  case  of  fat  and  protein. 
And  the  total  calories  minus  the  calories  from  protein  equals  the 
calorie  equivalent  of  the  fat  burned. 
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TABLE  II. 
Kctogenic  Balance  of  Benedict's  Subject 


"L"  during  Fast. 


As  an  example  of  the  calculation,  on  the  4th  clay  of  the  first 
fast  the  calorie  value  of  total  material  metabolized  was : 

no  per  cent  X  2G0  ec.  O2  permin.  X  1,440  min.  x|  ^  ^934  Cal. 

4.67  Cal.  per  liter  O2  01 

■H  t;    .mi.    total   hydroxybutyric    ackl    X    4.09  Cal.  =  J15  Cal. 

2,039  Cal. 

2,039  -  (9.4  gm.  N  X  20. 5)  =  1,790  Cal.  from  fat. 
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Ketogenic. 

Glucose. 

9.4  gm.  N 

millimols 

141  (9.4  X  15) 
649  (1,790  X  0.363) 

millimots 

188  (9.4  X  20) 

1  790  Cal.  from  fat 

107  (1,790  X  0.06) 

Total 

790 

295 

790— (2  X  295)  =  200  excess  ketogenic  millimols. 
104 


200  X 


1.000 


=  20. S  gm.  total  hydroxybutyric  acid  expected. 


There  were  actualh*  excreted  on  this  day  the  equivalent  of 
24.6  gm.  of  total  hydroxybutyric  acid.  The  details  of  the  same 
calculation  for  the  last  2  days  of  each  fast  are  given  in  Table  III, 
from  which  it  appears  that  the  calculated  expectation  (Column 
16)  on  the  last  day  of  each  fast  at  least  approximates  the  amount 
excreted  (Column  17).  On  the  4th  day  of  the  second  fast  and 
the  3rd  day  of  the  third  fast  much  less  was  excreted  than  expected 
and  this  is  interpreted  to  mean  that  on  these  daj^s  the  subject 
was  still  using  some  glycogen.  It  is  not  imUkely  that  glycogen 
was  burned  also  on  the  last  daj's  of  the  second  and  third  fasts, 
and  that  better  agreement  might  have  resulted  if  the  fasts  had 
been  prolonged.  The  "adaptation"  to  repeated  fasts  illustrated 
by  this  patient,  and  pointed  out  by  Folin  and  Denis  probably  is 
to  be  explained  bj'  the  longer  retention  of  stored  glycogen,  and  is 
an  important  phenomenon  requiring  further  investigation.  The 
greater  ketosis  of  this  subject  is  e\'idently  due  to  the  relatively 
smaller  catabolism  of  protein,  about  7  per  cent  of  the  total  cal- 
ories compared  to  about  18  per  cent  in  the  case  of  Subject  "L" 
above. 

Grafe's  Fasting  Subject  "  M.K."  (14). — A  woman  of  27  years, 
weight  o2  Idlos  fasted  about  3  weeks  in  a  catatonic  stupor.  During 
the  latter  part  of  the  period,  the  subject  was  placed  in  a  respira- 
tion chamber  for  manj^  hom's  daily,  and  the  total  metabolism 
and  respiratory  quotients  carefully  determined.  From  these  data, 
Grafe  calculated  the  total  energy  exchange  for  24  hours.     A  num- 
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ber  of  urine  analj'ses  were  also  made,  including  total  nitrogen, 
acetone  +  acetoacetic  acid,  and  hydroxybutyric  acid,  the  latter 
by  Magnus-Levy's  extraction  method.  The  data  given  by  Grafe 
are  thus  almost  ideal  for  our  calculation  of  the  ketogenic  balance. 
For  the  purpose  I  have  taken  Grafe's  own  figures  for  the  calories 
from  fat,  and  these  with  the  urine  total  nitrogen,  multiplied  by 
the  factors  stated  above  (used  for  all  calculations  in  the  present 
paper)  give  the  data  for  the  ketogenic  balance  on  5  days,  the  15th 
to  19th  of  the  fast,  presented  in  Table  IV.  In  the  last  column 
(Cokunn  15)  of  the  table  are  found  the  total  amounts  of  acetone 
bodies  excreted,  expressed  as  grams  of  hydroxv'butyric  acid,  and 
in  the  preceding  column  (Column  14)  the  amount  expected  from 
the  calculated  "balance."  The  agreement  is  astonishingly  good, 
the  total  calculated  for  the  5  days  being  88  gm.  and  the  amount 
excreted  (exclusive  of  acetone  exhaled)  is  72  gm. 

Bonniger  and  Mohr's  Fasting  Subject  Schenk  {15). — "Hunger- 
kiinstlerin,"  48  years  old,  152  cm.  height,  and  54.41  Idlos  weight 
(on  2nd  day  of  fast),  in  bed  except  for  short  periods.  Data  are 
recorded  on  the  total  hydroxybutyric  acid  (including  acetone 
exlialed)  and  the  total  nitrogen  excretion.  The  metabolism  was 
determined  and  publication  of  the  results  by  Mohr  is  promised 
but  has  not  been  found  in  the  Uterature. 

In  the  absence  of  better  information,  we  have  estimated  the 
metaboHsm  and  calculated  the  ketogenic  balance  during  4  days, 
the  5th  to  8th  day  of  fast.  The  average  weight  during  this  period 
was  51.6  kilos,  which  according  to  the  Du  Bois  height-weight  chart 
gives  a  surface  area  of  1.46  sq.  m.,  and  1.46  X  36.9  cal.  X  24 
hrs.  =  1,293  cal.  per  day,  normal  basal  for  a  woman  of  the  same 
size.  Add  10  per  cent  to  cover  movements  in  bed,  and  assume 
that  the  decrease  in  metabolism  as  a  result  of  fasting  was  propor- 
tionately the  same,  as  found  by  Benedict  -nith  Subject  "L" 
(average  of  12  per  cent  less  on  5th  to  8th  fast  daj-s  than  on  1  fast 
day). 

1,293  +  129  =  1,422-159  =  1,263  cal. 

The  average  nitrogen  excretion  for  the-i  days  was  7.25  gm.  X  26.5  =  192 
cal.  from  protein.     1,203  —  192  =  1,071  cal.  from  fat. 
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From  these  figures  the  ketogenic  balance  is  as  follows: 


Ketogenic. 

Glucose  equivalents. 

Protein,  7.25  gm.  N 

Fat   1  071  cal 

milUmols 

109  (7.25  X  15) 
389  (1,071  X  0.363) 

millimols 

145  (7.25  X  20) 
64  (1,071  X  0.06) 

Total 

498 

209 

498— (209  X  2)  =  80  =  8.3  gm.  hydroxybutyric  acid  expected. 
Average  actually  excreted  per  day  =  17.0  gm. 

The  agreement  is  not  close,  but  considering  the  uncertainty  as 
to  total  metabolism,  is  moderately  satisfactory.  If  the  total 
calories  were  200  or  300  higher  per  day,  almost  perfect  agi-eement 
would  result. 

Cases  of  Brugsch  (16). — ^\mong  the  data  on  ketosis  of  starva- 
tion to  be  found  in  the  literature,  are  the  observations  of  Brugsch 
during  the  last  10  daj^s  of  a  30  day  fast  of  Succi,  and  on  an  ex- 
tremely emaciated  woman  with  a  complete  esophageal  stenosis. 
Succi  was  found  to  excrete  from  7  to  12  gni.  of  total  hydroxybu- 
tyric acid  per  day,  while  the  urine  of  the  emaciated  woman  contained 
no  acetone  bodies.  Since  information  as  to  Succi's  total  metabolism 
at  this  time  is  not  available,  and  because  of  the  doubtful  method 
used  for  determination  of  hydroxj^butjTic  acid,  we  shall  not  at- 
tempt the  calculation  of  his  ketogenic  balance;  the  results  of  such 
calculation  would  not  be  exceptional.  But  the  remarkable  ab- 
sence of  ketosis  in  the  emaciated  patient  merits  brief  comment. 
Brugsch  interpreted  the  absence  of  ketosis  as  being  due  to  the 
fact  that  the  body  fat  had  been  absolutely  depleted,  the  energy 
requirement  being  supplied  wholly  from  protein;  and  hence  he 
concluded  that  body  fat  is  the  source  of  the  acetone  bodies.  But 
it  is  scarcely  possible  that  even  so  extremely  emaciated  a  person 
as  tliis  one,  burned  no  fat.  The  woman  was  56  years  old,  175 
cm.  tall,  and  weighed  32  kilos.  Her  nitrogen  excretion  was  5.46 
gm.  (on  the  day  before  operation),  corresponding  to  protein  whose 
maximum  available  energj'  value  is  5.46  X  26.5  cal.  =  145  cal. 
Her  total  metabolism  is  unknown,  but  was  doubtless  at  least  20 
cal.  per  kilo  per  day  or  say  600  cal.  Something  like  450  cal.  or 
75  per  cent  of  the  total  must  therefore  have  been  derived  from 
the  small  (and  doubtless  invisible)  remainder  of  body  fat.     From 
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the  metabolism  of  such  a  mixture,  we  should  expect  the  following 
ketogenic  balance. 


Ketogenic. 

Antiketogenic  equivalent. 

Protein,  5.40  gm.  N 

Fat,  450  cal 

millimols 

82  (5.46  X  15) 
103  (450  X  0.363) 

millimols 

218  (5.46  X20  X  2) 
54  (450  X  0.06  X  2) 

Total 

245 

272 

Since  the  ketogenic  millimols  are  less  than  the  available  anti- 
ketogenic equivalents,  little  or  no  ketosis  would  be  expected. 
We  should  say,  therefore,  that  the  absence  of  ketosis  was  due  to 
relatively  high  protein  metabolism  (about  24  per  cent  of  the  total) 
and  that  the  glucose  formed  from  protein  was  sufficient  to  supply 
the  necessary  ketolytic  substance. 

Subjects  of  Wilder  and  Winter  (7).— Very  recently  these  authors 
have  reported  valuable  data  from  sixteen  different  subjects  all 
but  three  of  whom  excreted  small  amounts  of  total  acetone  and 
represent  the  border-line  or  threshold  of  ketosis.  One  of  the  three 
was  an  epileptic,  Case  A366687,  on  the  llth  day  of  fasting  and 
had  sufficiently  marked  ketosis  (about  10  gm.  total  hydroxybuty- 
ric  acid)  to  justify  a  calculation  of  the  ketogenic  balance.  The 
data  given  by  AVilder  and  Winter  may  be  used  as  follows:  The 
determined  resting  metabolism  (1,335  cal.  for  24  hours)  increased 
by  10  per  cent  to  allow  for  muscular  activity,^  gives  1,469  cal. 
as  the  estimate  of  the  heat  produced. 

To  this  the  calorie  value  of  the  total  hydroxybutyric  acid  ex- 
creted is  added,  the  sum  being  the  estimated  value  of  the  total 
material  metabolized. 

cal 

Rest  ins  metabolism  (determined  for  short  periods) 1, 33o 

Adding  for  muscular  activity  (10  per  cent) 134 

Calorie  value  of  5.7  gm.  total  acetone  X  IS    =10.25  gm. 
hydroxybutyric  acid  X  4.7... 

Estimated  total  metabolism 1>  ^^' 

1,517  cal.- (6.62  gm.  urine  N  X  26.5)  =  1,341  cal.  from  fat. 


'  Since  the  subject  was  fasting,  the  additional  allowance  of  10  per  cent  for 
food  made  by  Wilder  and  Winter  is  omitted. 
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Kctogenic. 

Antiketogenic. 

Fat 

Protein 

millimols 

487  (1,341  X  0.363) 
99  (6.62  X  15) 

millimols 

161  (1,341  X  0.06  X  2) 
265  (6.62  X  20  X  2) 

Total 

586 

426 

Excess  =  160  kctogenic  millimols  X 


104 
1,000 


16.6  gm.  calculated  total 


hydroxybutyric  acid;  excreted  10.25  gm. 

The  ketosis  is  thus  approximately  accounted  for.  The  other 
two  cases  with  marked  ketosis  were  diabetics  on  diet  and  will  be 
mentioned  'later. 

Severe  Diabetics  with  Marked  Ketosis. 

"Cyril  K"  of  Lusk,  Du  Bois,  and  Collaborators  (ll).~The 
admirably  complete  data  from  this  subject  are  exceptionally 
valuable  and  permit  a  reasonably  satisfactory  analysis  of  the  kcto- 
genic factors,  and  were  so  used  by  the  writer  in  a  former  paper  (2). 
A  recalculation  based  upon  the  revised  ketogenic-antikctogenic 
values  is  presented  in  Table  V.  The  same  method  of  calculation 
is  followed  as  with  the  preceding  fasting  non-diabetic  subjects. 
The  total  heat  produced  for  24  hours  is  taken  as  110  per  cent  (X 
24  hours)  of  the  determined  hourly  resting  heat  production  (the 
indirect  cal.  per  hour  from  Table  V  of  the  paper  by  Lusk  and 
coworkers).  To  this  value  is  added  the  calories  of  total 
hydro.xybutyric  acid  and  of  the  "extra"  glucose-  excreted,  the 
sum  being  the  calorie  equivalent  of  the  total  material  catab- 
olized  (some  of  it  incompletely)  during  the  24  hours.  This 
consisted  only  of  protein  and  fat  (no  food  CH  was  burned)  and 
the  value  of  the  latter  is,  Total  calories  —  protein  calories  (N  X 
26.5)   =  calories  of  fat  catabolized. 

From  these  data  the  total  kctogenic  and  equivalent  antiketo- 
genic millimols  are  calculated,  and  from  the  latter  are  subtracted 
the  antiketogenic  equivalents  of  the  "extra"  glucose  (from  pro- 
tein or  glycerol)  which  the  subject  excreted  and  thus  failed  to 
use.     The  excess  of  kctogenic  over  the   net  antiketogenic  milli- 

2  By  "extra"  glucose  is  meant  that  derived  from  protein  or  fat  and 
excreted.  It  is  assumed  to  be  represented  by  the  excess  of  urine  glucose 
over  the  food  carbohydrate. 
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mols,  multiplied  bj^  0.104  represents  the  expected  total  hydroxy- 
hutyric  acid. 

On  the  first  3  days  of  the  period  of  calorimeter  observations, 
and  when  the  subject  received  a  high  protein,  high  fat  diet,  the 
agi'eemcnt  is  not  good,  some  30  or  40  gm.  less  being  excreted  than 
expected  from  the  computation;  but  for  the  remaining  5  days  the 
calculation  approximately  parallels  the  excretion.  Assuming  the 
hydroxybutyric  acid  analyses  to  be  correct,  I  can  offer  no  explana- 
tion of  the  discrepancy,  unless  it  be  that  some  was  burned  -Rithout 
reaction  with  ketolytic  substance.  The  later  close  agreement  is 
interpreted  as  supporting  the  general  method  of  calculation,  and 
the  hypothesis  upon  which  it  is  based.  For  the  last  5  days,  the 
total  calculated  hydroxj'butyric  acid  is  193  gm.  and  the  amount 
excreted,  193  gm.  (not  including  acetone  exhaled,  which  was  not 
determined). 

Case  No.  740  of  Joslin  (^7).— This  case  like  Subject  "Cyril 
K"  discussed  above,  is  one  of  a  very  few  upon  whom  sufficient 
data  is  recorded  to  permit  satisfactory  analysis.  Joslin  reports 
among  other  data  the  acetone,  acetoacetic  acid,  hydroxybutjTic 
acid,  glucose,  and  nitrogen  excretion  and  the  total  calories  (at 
rest)  for  24  hom's.  I  have  increased  the  latter  by  10  per  cent  to 
allow  for  muscular  movements  and  from  these  values  the  ketogenic 
balance  has  been  calculated  for  9  days.  The  details  are  given  in 
Table  VI.  The  acetone  body  excretion  is  fairly  satisfactorily 
accounted  for  by  the  excess  of  ketogenic  substance  in  the  mixtiu-e 
burned,  though  the  amounts  expected  are  usually  greater  than 
actually  excreted.  Total  calculated  for  9  days,  130  gm.;  ex- 
creted 95  gm.  (not  including  acetone  exhaled).  The  agreement 
would  be  better  without  making  the  allowance  of  10  per  cent 
additional  calories. 

A  very  interesting  and  important  point  shown  by  the  data  of 
this  subject  is  that  his  net  total  carbohydrate  tolerance  (repre- 
sented bj^  the  net  total  glucose  equivalents,  Column  19  in  Table 
VI)  remained  practically  constant  throughout  the  period  and 
that  the  marked  fall  in  the  ketosis  was  not  due  to  an  improvement 
in  "tolerance,"  but  solelj^  to  the  decrease  in  total  metabolisin  (from 
undernutrition)  and  in  the  consequent  amount  of  ketogenic  mate- 
rials in  the  metabolic  mixture.  With  the  fall  in  thetotal  metabo- 
lism, the  rate  of  ketogenic  mctaljolism  decrease  to  a  point  where 
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it  no  Jonger  exceeded  by  a  large  margin  the  rate  of  production 
of  ketolytic  sul^stance  (i.e.,  the  ahnost  stationary  total  glucose 
tolerance).  The  "balance"  becoming  more  favorable,  the  keto- 
sis  declined. 

Mosenthal  and  Lewis'  Severe  Diabetic  E.  W.  {18). ~ A.  woman 
of  51  years,  weight  55  kilos,  height  163  cm.,  with  an  ulcer  of  foot 
and  temperature  102°F.  Full  data  are  given  for  urine  analyses, 
including  acetone  +  acetoacetic  and  hydroxybutyric  acid.  The 
metabolism  was  not  determined,  and  a  more  or  less  arbitrary 
estimate  is  necessary.  In  \'iew  of  the  fever,  I  have  taken  the 
high  value  of  130  per  cent  of  the  normal  basal  for  a  woman  of  the 
same  weight  and  height,  and  have  assmned  that  it  remained  con- 
stant throughout  the  period;  both  are  open  to  considerable  error 
and  the  results  of  the  calculation  can  therefore  be  only  rough 
approximations.  The  amounts  of  urine  glucose  —  food  carbohy- 
drate =  "extra"  glucose,  derived  from  protein  or  glycerol. 

1,800  cal.  (normal  basal)  X  130  per  cent  +  cal.  value  of  "extra"  glu- 
cose +  cal.  value  of  total  hydroxybutyric  acid  =  cal.  of  total  metabolism. 
Cal.  of  total  metabolism  -  (urine  N  X  26.5  cal.)  =  cal.  from  fat. 

The  total  ketogenic  and  glucose  equivalents  are  calculated  by 
multiplying  by  the  factors  (p.  407)  and  from  the  gross  total  glucose 
equivalents  the  value  of  the  "extra"  glucose  (derived  from  protein 
or  glycerol  and  excreted),  is  subtracted.  The  total  ketogenic 
millimols  —  (net  glucose  equivalents  X  2)  =  excess  ketogenic  milli- 
mols.  The  detailed  data  for  the  last  8  daj^s,  when  the  urine 
collection  was  complete,  are  given  in  Table  VII. 

The  agreement  between  the  calculated  total  hydroxybutyric 
acid  and  the  amount  excreted  is  very  striking,  total  calculated  for 
8  days,  510  gm.;  total  excreted,  634  gm.  Since  the  estimate  of 
total  calories  is  probably  high  the  difference  perhaps  indicates 
either  that  some  of  ketolytic  substance  (glucose)  metabohzed 
was  "wasted"  or  that  the  factors  in  the  calculation  are  not  correct. 
But  with  so  many  unknown  or  uncertain  factors,  a  closer  agree- 
ment can  scarcelj'  be  expected:  and  the  fact  that  this  very  severe 
ketosis  can  be  approximately  explained  can  be  interpreted  only  as 
confirmatorj'  of  the  calculations. 

Severe  Diabetic  "Bessie  B"  of  Wilder,  Boothby,  and  Beeler  (6). — 
The  remarkably  complete  observations  recently''  published  by  these 
workers,  who  have  also  discussed  some  of  their  data  from  the  stand- 
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point  of  the  ketogenic  balance,  would  seem  to  be  splendid  material 
for  testing  our  calculations;  and  possibly  they  are,  though  the 
results  show  poorer  agreement  than  any  previously  encountered. 
I  have  recalculated  the  data  on  this  subject,  taking  the  averages 
for  each  diet  period,  the  details  being  given  in  Table  VIII.  The 
calculations  arc  made  as  in  the  other  diabetic  subjects.  The 
total  heat  produced  in  24  hours  (Column  10)  is  taken  at  10  per 
cent  over  the  average  of  hourly  determined  rate  (Column  9) 
and  to  this  is  added  the  calorie  value  of  the  average  total  acetone 
(as  hvdrox^'butyric  acid)  and  of  the  extra  glucose  (urine  glucose - 
food  carbohvdrate) .  From  this  sum  representing  the  gross  metab- 
oHsm,  the  calories  from  protein  (N  X  26.5)  and  from  carbo- 
hydrate (if  any)  are  subtracted,  the  remainder  being  the  calories 
from  fat.  From  these  data  the  ketogenic  balance  is  calculated 
for  each  period.  The  results  (Columns  23  and  24)  are  not  satis- 
factorv.  showng  fair  agreement  in  only  four  or  five  out  of  the 
eleven  periods.  Although  a  rough  parallehsm  is  mdicated,  the 
error  is,  with  one  exception,  that  the  amount  of  hydroxy-acid 
«xcreted  is  less  than  expected  from  the  calculation. 

Assuming  the  analvtical  and  dietary  data  to  be  correct,  there 
are  a  number  of  possible  interpretations:  (a)  That  the  factors 
used  in  calculating  ketogenic  mols  are  too  high;  or  (b)  that  the 
estimate  of  total  metabohsm  is  too  high  (unHkely) ;  or  (c)  that  some 
keto-  or  hydroxy-acid  was  burned  without  the  aid  of  ketolytic 
glucose  Which  of  these  or  other  possibiUties  may  explain 
the  discrepancy  it  is  not  possible  to  say.  In  ^dew  of  the  bettor 
agreement  in  nearly  all  of  the  other  cases,  it  seems  preferable  at 
present  to  leave  the  questions  open  and  to  expect  that  some  sub- 
jects mav  occasionally  exhibit  such  exceptional  beha\aor. 

Severe' Dmbetic  "Kramer."— This  subject  was  a  man  of  about 
25  years,  weight  55  kilos,  wth  very  severe  ketosis,  studied  by 
the  writer  over  a  long  period  in  1914  in  the  Washington  University 
Hospital.  Day  and  night  special  nurses  were  provided  to  secm'e 
accurate  diet  administration  and  urine  collection.  Qmte  com- 
plete data  are  available  as  to  diet  and  urinary  analyses,  but  the 
metabolism  was  not  determined,  and  can  only  be  guessed  at. 
Table  IX  gives  the  essential  details  for  14  days,  during  the  period 
of  highest  ketosis.  During  the  period  April  13  to  17,  on  a  high 
protein  diet,  with  verv  high  ketosis  the  total  heat  produced  is 
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estimated  at  120  per  cent  of  the  normal  basal  for  a  man  of  the  same 
size;  and  during  the  other  periods,  at  the  normal  basal  (1,580 
cal.).  The  calculations  of  the  ketogenic  balance  are  made  in 
the  same  way  as  described  above.  The  last  two  columns  of  the 
table  (Columns  20  and  21)  show  the  calculated  and  excreted  total 
hydroxybutyric  acid.  There  is  a  fairly  close  paralleUsm  between 
the  two  throughout  the  periods.  Although  in  the  second  period 
of  high  protein  diet  considerably  more  was  excreted  than  expected. 
Possibly  this  is  due  to  still  higher  metabolism  at  this  time.  But  in 
view  of  the  uncertainty  as  to  the  total  metabolism,  the  calcula- 
tions can  be  accepted  only  as  rough  approximations  to  illustrate 
the  probable  composition  of  metabolic  mixtures  which  produce 
very  marked  ketosis  in  diabetes.  With  a  tolerance  which  allowed 
the  cataboHsm  of  only  about  150  millimols  of  total  glucose  (27 
gm.)  in  24  hours,  all  fat  and  ketogenic  amino-acids  in  excess  of 
such  equivalents  failed  to  be  oxidized  past  the  stage  of  (3-ketobu- 
tyric  acid.  Increasing  the  amount  of  food  protein  had  two  very 
undesirable  results;  added  more  ketogenic  molecules  to  the  mixture 
in  the  form  of  araino-acids,  and  probably  also  stimulated  the  total 
metaboUsm  and  thus  increased  the  number  of  fatty  acid  molecules. 
According  to  such  a  point  of  view  the  use  of  high  protein  diets 
in  diabetes  should  theoretically  be  avoided,  a  conclusion  which  is 
wholly  in  accord  with  the  dietetic  plan  advocated  by  Newburgh 
and  Marsh  (19)  and  recently  well  emphasized  by  Wilder,  Boothby, 
and  Beeler  (6). 

Non-Diahetic  Subjects  on  Low  Carbohydrate,  High  Protein  Diets. 

Experiments  of  Higgins,  Peabody,  and  Fitz  (;?0).— The  authors 
were  the  subjects  and  took  during  4  days  diets  very  rich  in  pro- 
tein and  fat  but  practically  free  from  carbohydrate.  On  the  4th 
day,  two  of  the  subjects  excreted  15.5  and  25.5  gm.  of  total  hy- 
droxybutjTic  acid,  which  promptly  ceased  on  resuming  carbo- 
hydrate food.  The  urine  was  analyzed  and  the  resting  metabolism 
was  determined  by  spirometer  and  gas  analysis  at  8  a.m.  (before 
breakfast),  and  at  4  p.m.  daily. 

The  resting  metabolism  is  inadequate  for  estimating  the  total 
energy  exchange  of  active  men,  and  the  latter  value  must  again 
be  guessed  at.  Dr.  Higgins  in  a  personal  letter  has  kindly  given 
me  his  opinion  that  his  own  energy  exchange  during  the  experi- 
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mental  period  wasabout  3,300 or  3,400  calories.  Since  the  weight?, 
activity,  and  diets  of  the  three  subjects  were  approximately  the 
same,  we  may  assume  that  the  total  metabolism  of  each  was  about 
the  same,  3,400  calories  per  day.  On  this  assumption  the  keto- 
genic  balance  of  H.L.H.  and  F.W.P.  for  the  4th  diet  days  may  be 
calculated  as  follows.  Some  alcohol  taken  on  the  4th  day  has  been 
ignored  in  the  calculation. 


ith  Day  of  High  F 

rotein  Diet. 

Antiketogenic 
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milli- 
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milli- 
mols 

milli- 
mols 

gm. 

gm. 

H.L.H.  . 

?,  400 

22.8 

604 

2,800 

1,017 

342 

1,359 

336 

912 

1,248 

111 

11.5 

25.6 

F.W.P.  . 

3,400 

23.7 

628 

2,772  1,007 

355 

1,362 

332 

948 

1,280 

82 

8.b 

lb. 6 

In  both  cases  the  amount  excreted  was  considerably  greater 
than  the  calculated  expectation.  It  is  not  unlikely  that  the  glu- 
cose formed  from  protein  may  have  been  bm-ned  soon  after  the 
absorption  of  the  amino-acids,  and  that  at  other  periods  of  the  day, 
less  ketolytic  material  was  therefore  available.  At  any  rate  the 
result  indicates  that  high  protein  diets  may  actually  have  greater 
ketogenic  inflwnce  than  would  be  calculated  from  their  glucose 
equivalence. 

Data  are  recorded  by  the  authors  also  for  short  periods  on  the 
morning  of  the  5th  day,  before  food.  The  resting  oxygen  consump- 
tion per  minute  is  used  to  calculate  the  metabolism  and  the  calcu- 
lated ketogenic  balance  may  be  compared  with  the  total  hydro.xy- 
butyric  acid  excreted  within  these  periods. 

F.W.P.    7  a.m.  to  9  a.m.,  June  12,  before  breakfast. 

cal. 

Resting  metabolism  =  (0.267  liter  O.  X  4.68  cal.  X  120  min.)  =  150 

Add  30  per  cent  for  activity  =  _45 
Total  metabolism  =  195 
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195  cal.  -   (1.2  gm.  urine  N  X  26.5)   =  163  cal.  from  fat. 


Ketogenic. 

Glucose. 

Protein 

millimols 

18  (1.2  X  15) 
59  (163  X  0.363) 

miUiniols 

24  (1.2  X  20) 

Fat 

10  (163  X  0.06) 

Total 

77 

34 

77  —   (34  X  2)   =  9  =  0.9  gm.  hj'droxybutyric  acid. 
Excreted    1.1    gm. 

Applying  the  same  calculation  to  the  other  subject,  we  get  the 
following: 


H.L.H.    6.45  to  9.15  a.m.     June  6.    2.5  hrs. 

cal. 

Resting  metabolism  =  (0.299  liter  O2  X  4.68  X  150  min.)  =  210 

Add  30  per  cent  for  activity  =    63 
Add  cal.  value  of  /3-acid  excreted  3.4  X  4.6  =     15 

Total  metabolism  =  288 

288  -    (2.5  gm.  N  X  26.5)  222  cal.  from  fat. 


Ketogenic. 

Glucose. 

Protein        

miUimots 

37.5  (2.5  X  15) 
80.5  (222  X  0.363) 

millimols 

50  (2.5  X  20) 

Fat 

13  (222  X  0.06) 

Total 

118.0 

63 

Tmce  the  glucose  millimols  shghtlj-  exceeds  the  ketogenic  milli- 
mols, and  but  Uttle  ketosis  would  be  expected,  but  3.4  gm.  total 
hydroxybutjTic  acid  were  excreted.  However,  it  is  not  unhkely 
that  the  estimate  of  the  total  metabohsm  is  much  too  low  for 
this  subject. 

If  the  total  metabolism  be  taken  at  100  per  cent  over  the  resting 
value  (because  of  actixity  in  walking  to  the  laboratory),  we  obtain 
close  agreement. 
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(If)  Total  metabolism,  435  cal.  -  66  =  369  cal. 

from  fat. 

Kftogcnic. 

Glucose. 

miUimols 

37.5  (2.5  X  15) 
13-i.O  (369  X  0.363) 

viilUmols 

50 

Fat.... 

22 

Total 

171.5 

72 

171.5  -   (2  X  72)   =  27.5  =  2.86  gm.  expected. 
Excreted  3.4  gm. 

Winch  of  the  above  estimates  is  the  more  correct  it  is  impossible 
to  say,  and  the  calculation  is  given  chiefly  to  illustrate  the  im- 
portance of  the  total  metabolism.  In  short  periods  variations 
in  the  rate  of  excretion  may  add  to  the  difficulty  of  such  an  analy- 
sis. On  the  other  hand,  the  fact  that  it  is  possible  to  harmonize 
the  figm-cs  by  the  aid  of  altogether  reasonable  assumptions  as  to 
total  metabolism  serves  to  set  aside  the  apparent  discrepancy. 

Why  the  third  subject  of  Higgins,  Peabody,  and  Fitz  showed  no 
kctosis  I  am  unable  to  explain,  unless  perhaps  it  is  due  either  to  a 
large  glycogen  reserve  which  lasted  throughout  the  4  days  of  the 
experiment,  or  to  considerably  lower  total  metabolism.  Another 
possibility  cannot,  of  course,  be  denied,  that  this  subject  burned 
keto-acid  without  reaction  with  ketolytic  substance;  but  I  should 
be  inchned  to  seek  some  other  ex-planation. 

Case  of  Hiihbard  and  Wright  (J).— R.  S.  H.,  normal  man  doing 
laboratory  work.  The  total  metabolism  is  estimated  at  50  per 
cent  over  the  determined  basal,  or  1,750  X  150  per  cent  =  2,624 
cal.  per  day.  The  largest  excretion  qf  acetone,  average  11.8  gm. 
hydroxybutyric  acid,  was  observed  on  July  21  and  22,  the  last 
days  of  a  period  on  a  diet  containing  32  gm.  of  carbohydrate. 
Assuming  this  amount  of  carbohydrate  to  have  been  burned  evenly 
throughout  the  day,  the  ketogonic  balance  may  be  calculated. 
2,625-  (12.7  gm.  NX  26.5)  -  (32X4.1  cal.)  =  2,185  cal.  from  fat. 


Protein 

Fat 

Carbohydrate. 


Total. 


Ketogenic. 


mitlimoh 

190.5  (12.7  X  15) 
783.5  (2,158  X  0.363) 


974 


Glucose  equivalents. 


viillimols 

254  (12.7  X  20) 
130  (2,158  X  0.06) 
178 


562 


562  X  2  =  1,124  antiketogenic  equivalents. 
Ratio  keto  mols:  glucose  =   1.7 
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According  to  the  calculation,  there  was  an  excess  of  antikoto- 
gonic  equivalents;  but  11.8  gm.  of  hj'droxj'-acid  were  excreted. 
The  result  may  be  variously  interpreted, — that  the  food  carbo- 
hydrate (taken  in  throe  meals)  was  burned  more  or  less  quickly 
after  absorption  and  thus  its  ketolytic  action  in  part  "wasted," 
that  the  metabolism  was  higher  than  supposed,  or  that  the  dis- 
crepancy indicates  error  in  the  factors  of  the  calculation.  I  re- 
gard the  first  or  second  as  the  more  likely.  The  discrepancy  is 
in  the  same  direction  as  found  with  the  subjects  of  Higgins,  Pea- 
body,  and  Fitz  and  is  often  encountered  in  analyzing  data  from 
normal  subjects  on  low  carbohydrate  diets.  The  effect  of  such 
nearly  "balanced"  diets  is  more  ketosis  than  expected  from  the 
calculations.  Data  of  this  sort  appear  to  be  less  favorable  for 
testing  the  factors  of  calculation  than  data  from  fasting  or  severe 
diabetic  subjects. 

The  calculation  of  data  from  diabetics  on  low  carbohydrate 
diets  very  recently  reported  by  Wilder  and  Winter  (7)  yields  simi- 
lar results.  Two  cases  (A376588  and  A375561)  with  30  and  14 
gm.  of  carbohydrate  in  the  diets,  have  a  calculated  excess  of  anti- 
ketogenic equivalents  with  consequent  expectation  of  no  (or  slight) 
ketosis.  But  the  subjects  excreted  6.2  and  5.0  gm.  of  total 
acetone.  Both  of  these  subjects  had  acute  infections,  naso- 
pharyngitis and  maxillary  sinusitis,  and  this  fact,  as  noted  by 
Wilder  and  Winter,  is  probably  one  reason  for  these  discrepancies. 

We  have  seen  another  instance  of  the  effect  of  infection,  in  the 
data  from  the  Mosenthal-Lews  case  presented  above.  Apparentlj^ 
the  existence  of  an  infection  may  in  some  manner  lower  the  effi- 
ciency with  which  the  body  utilizes  the  available  antiketogenic 
material.  One  can  imagine  that  such  an  effect  might  result 
either  from  uneven  circulatory  conditions  or  from  uneven  rates 
of  metabolism  during  the  day  and  variations  in  the  composition 
of  the  metabolic  mixture.  It  is  not  at  all  impossible  that 
with  an  infection  the  metabolism  during  exercise  or  at  other 
times  may  be  much  greater  (and  richer  in  ketogenic  material) 
than  would  be  expected  from  determination  of  the  resting  metabo- 
lism during  brief  periods.  Whatever  the  explanation,  the  fact 
is  of  practical  importance,  and  I  believe  is  in  accord  wth  clinical 
experience  ■with  diabetes. 
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A  wider  margin  of  safety,  in  tlip  form  of  more  carbohydrate  and 
of  greater  carbohydrate  tolerance,  is  needed  to  avoid  Icetosis  in 
subjects  with  acute  infections,  than  in  their  absence. 

Landergren's  Subjects  {21).-Tho  data  contained  in  an  import- 
ant paper  by  Landergren  on  ketosis,  would  be  very  valuable  for 
testing  the  factors  of  the  ketogenic  balance,  except  that  the  total 
metabolism  must  here  also  be  guessed  at.  A  number  of  different 
normal  subjects  (and  a  few  dialDetics)  were  placed  on  diets  which 
produced  in  some  cases  marked  ketosis,  and  the  amounts  of  ace- 
tone +  acetoacetic  acid  and  ^-hydroxybutyric  acid  were  deter- 
mined Body  weights,  in  some  instances  heights,  and  a  descnp- 
tion  of  the  subject's  activity,  allow  an  approximate  estimate  of 
the  probable  total  metabolism.  These  estimates  are  adnnttedly 
open  to  considerable  errors,  which  affect  especially  the  amounts 
of  fat  burned  and  consequently  the  end-results  of  the  calculated 
ketogenic  balance.  The  details  of  the  "balance"  for  the  normal 
subjects  on  the  last  day  of  diet  periods  are  shown  m  Table  X. 
The  small  amounts  of  alcohol  and  of  "N-freie  Subst."  m  the 
diets  of  some  subjects  are  ignored  in  the  calculations. 

The  results  show  some  discrepancies,  but  on  the  whole  the  agree- 
ment is  rather  remarkable.  The  comparison  is  indicated  by  the 
followng  figures,  the  first  of  each  pair  being  the  calculated  grams 
of  total  hvdroxvbutvric  acid  and  the  second  the  amount  excreted: 
6.4  to  7.6;  0  to  6.6;  0  to  4.7;  28  to  15.5;  16  to  16.9;  15  to  17.1; 
17  0  to  41  8.  The  differences  are  here  also  in  the  direction  of 
greater  excretion  than  expected.  And  it  is  not  unlikely  that 
this  may  be  the  result  of  a  wasting  of  ketolytic  material  by  its 
periodic  absorption  and  catabolism  after  meals,  as  compared 
with  the  more  even  metabolism  of  fasting. 

It  is  worthy  of  note  that  the  remarkably  high  amount  ot 
41  gm.  of  hvdi-oxybutvric  acid  was  excreted  by  a  normal  man 
on  high  prJtein  diet,  who  indulged  in  rigorous  muscular  actimty 
throughout  the  period  (28,000  steps  per  day  by  pedometer) .  A  verj- 
important  practical  point  is  here  illustrated:  that  muscular  activ- 
itv  under  such  conditions  is  done  only  at  the  expense  of  fat  me- 
tabohsm,  and  that  an  increase  in  fat  metabolism,  if  glucose  is  not 
available  and  usable  may  produce  serious  ketosis.  Bursts  of 
muscular  activitv  would  therefon-  be  dangerous  in  severe  diabetes 
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or  even  perhaps  in  some  non-diabetic  subjects  on  low  carbohydrate 
diets. 

Such  a  conclusion  agrees  with  clinical  experience  in  diabetes. 

DISCUSSION. 

The  Threshold  of  Ketosis. 

Reviewing  the  data  and  results  of  calculation  so  far  presented, 
it  seems  to  the  writer  that  the  evidence  may  be  regarded  strong 
enough  to  establish  our  general  theory  as  the  explanation  of  anti- 
ketogenesis.  Although  a  single  instance  is  cited  which  is  possibly 
altogether  exceptional,  all  of  the  other  subjects  developed  their 
ketosis  in  accordance  vaih  a  common  rule.  We  are  inclined  to 
believe  also  that  the  quantitative  estimates  of  the  respective  keto- 
genic  and  antiketogenic  influences  of  fat,  protein,  and  carbohydrate 
are  shown  to  be  approximately,  but  only  approximately,  correct. 
As  more  rehable  data  are  accumulated  considerable  re\dsion  will 
doubtless  be  found  necessary-;  but  in  the  meantime,  it  may  be 
worth  while  to  see  how  the  conception  can  be  applied  to  practical 
problems. 

The  analyses  of  the  ketogenic  balance  appear  to  show  less  dis- 
crepancies when  severe  ketosis  exists,  that  is  to  say  when  there  is 
a  large  surplus  of  keto-acid  molecules  in  the  body  to  combine  with 
all  available  ketolytic  molecules.  Under  such  circumstances  there 
appears  to  be  little  doubt  that  each  molecule  of  glucose  is  equiva- 
lent ketolytic  substance  for  2  molecules  of  keto-acid. 

Where  or  when  such  surplus  does  not  exist,  it  may  be  imagined 
that  some  glucose  molecules  are  oxidized  without  encountering 
keto-acid,  and  thus  its  ketolytic  A-alue  is  wasted;  while  in  other 
cells  or  locahties  there  may  be  a  deficit  of  glucose  with  consequent 
appearance  and  accumulation  of  the  acetone  bodies.  Such  a 
situation  would  result  from  uneven  or  unequal  distribution  of 
metaboUtes,  just  as  blockade  and  hoarding  dm-ing  war  time  food 
shortage  interfere  with  the  nutrition  of  some  indi\-iduals  and  of 
some  nations,  while  others  have  a  surplus.  This  is  the  state  of 
affairs  near  the  border-line  or  threshold  of  ketosis.  It  may  take 
considerably  more  than  the  theoretical  amount  of  total  glucose  to 
insure  its  reaction  with  every  molecule  of  keto-acid  formed  in 
the  body,  just  as  it  takes  a  surplus  of  food  to  insure  the  normal 


cated  a  molecular  ratio  of   ^^^_,   „i =  about  1  at  the  bor 
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nutrition  of  all  individuals  in  a  community.  The  amoimt  of  the 
excess  needed  to  avoid  all  kctosis  will  probably  vary,  depending 
upon  rate  of  absorption  and  evenness  of  distribution  and  metabo- 
lism; and  therefore,  one  would  perhaps  expect  the  metabolic 
mixture  of  the  whole  body  and  its  ketogenic  ratio  to  vary  at  the 
threshold  of  ketosis  between  the  theoretical  ratio  for  the  ketol>i;ic 
reaction  and  a  considerably  higher  vahie.  And  this  is  exactly 
what  has  so  far  been  observed. 

The  data  submitted  in  earlier  papers  (2,  3)  by  the  writer  indi- 

ketogenic  mols 
total  glucose 

der-line  of  ketosis.  The  same  conclusion  was  reached  by  essen- 
tially the  same  methods  of  calculation  by  Woodyatt  (4)  and  by 
Hubbard  and  Wright  (5).  But  more  recently  Wilder  and  Winter 
(7)  cite  a  number  of  cases,  with  very  slight  ketosis,  with  ratios 
between  1.2  and  2.0.  According  to  the  point  of  -view  stated 
above,  both  conclusions  can  be  harmonized.  Some  subjects  xm- 
doubtedly  show  small  but  definitely  abnormal  amounts  of 
acetone  when  the  mixture  of  metabolites,  judged  by  the  respiratoiy 

,     ,    .  1   ^         ketogenic         .■      f 

quotients  or  by  calculation,  corresponds  to  a  ^^^^^  glucose        ° 

about  1:1;  while  other  subjects  may  have  a  ratio  of  almost  2 : 1 
before  large  amounts  of  keto-  and  hydroxybutyric  acid  appear 
in  the  urine. 

In  further  illusti-ation  of  this  fact,  the  calculations  of  some 
of  the  valuable  and  historically  interesting  data  of  Hirschfeld 
(1895)  nxight  be  presented  (22).  It  will  be  recalled  that  Plirsch- 
feld  first  drew  the  important  conclusion  that  "nicht  in  Folge 
des  Hungers  und  des  Zerfalls  an  Korpcreiweiss,  sondern  nur  in 
Folge  des  Fehlens  der  Kohlenhydrat  bei  Ernaln-ung  erfolgt  die 
Bildung  von  Aceton."  From  his  description  of  his  subjects 
(various  non-diabetic  hospital  patients),  their  body  weights,  the 
diets  and  their  duration,  the  excretion  of  urinary  total  nitrogen, 
and  acetone  plus  acetoacetic  acid,  I  have  calculated  the  approxi- 
mate ketogenic  balance  of  these  patients  nearly  all  of  whom  ex- 
creted only  small  amounts  of  acetone  and  were  therefore  examples 
of  border-line  ketosis.  The  data  are  rather  incomplete  and  the 
tables  of  calculations  need  not  be  recorded,  but  the  keto  ratios 
obtained  are  certainly  not  very  erroneous.     The  figures  show  that 
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on  the  days  when  the  subjects  excreted  distinctly  abnormal 
amounts  of  acetone  (more  than  0.1  gm.)  the  amounts  of  protein, 
fat,  and  carbohydrate  metabolized  were  such  as  corresponded  to 
ratios  of  ketogenic :  glucose  mols  between  1:1  and  2:1,  and  m 
general  the  higher  the  ratio  the  more  acetone  was  excreted.  With 
the  ratios  of  O.G  to  1.3  and  even  1.6,  the  acetone  +  acetoacetic 
excretion  was  0.03  to  0.10  gm.  acetone,  practically  nonnal  values, 
while  ^^-ith  ratios  from  1.1  to  2.1  up  to  0.70  gm.  acetone  was 
excreted. 

Evidently  the  range  between  ratios  of  1:1  and  2:1  is  vari- 
able in  that  either  very  small  or  moderate  amounts  of  total 
acetone  may  result. 

Practical  Significance  of  the  Ketogenic  Balance. 

The  practical  interest  and  significance  or  the  ketogenic  balance 
is  that  it  allows  the  rational  formulation  of  diets  low  in  Carbohy- 
drate and  thus  designed  to  spare  the  carbohydrate  tolerance  of 
diabetics  from  overstrain,  and  at  the  same  time  indicates  the 
minimum  amount  of  total  glucose  equivalent  necessary  to  avoid 
the  dangers  of  ketosis.  This  is  the  main  dietetic  problem  in  dia- 
betes. Apart  from  the  verj^  considerable  difficulties  of  choosing 
suitable  food  material,  the  digestive  and  other  consequences  of  a 
restricted  diet,  the  only  unusual  nutritional  hmitation  imposed  by 
the  disease  is  that  the  subject  must  maintain  the  inflow  of  all 
glucose-forming  foods  helow  the  rate  at  which  he  can  burn  it,  to 
avoid  further  loss  of  tolerance,  and  above  the  rate  necessary  to  pro- 
vide sufficient  ketolj-tic  material  to  avoid  ketosis.  The  %\'idth  of  the 
margin  between  these  extremes,  very  great  in  normal  subjects 
and  narrower  in  diabetics,  represents  the  factor  of  safety 
possessed  by  the  individual.  The  practical  question,  therefore, 
is  to  determine  for  eveiy  diabetic  the  minimum  amount  of 
carbohydrate  needed  by  him  for  a  safe  margin  over  a  bare  keto- 
genic balance.  So  long  as  this  safe  margin  is  maintained,  there 
is  no  reason  to  expect  ketosis,  and  the  disease  would  amount  to 
little  if  anything  besides  dietary  inconvenience.  The  calcula- 
tion of  a  diet  to  meet  this  need  may  be  gone  about  in  several  ways. 
Woodyatt  (4),  Hubbard  and  Wright  (5),  and  Wilder  (8)  have 
already-  developed  ^-ahulble  formulas  for  this  pm-pose,  based  upon 
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the  conception  of  the  ketogenic-antikptogenic  balance.  The 
matter  is  of  such  importance  as  perhaps  to  be  worthy  of  further 
consideration  in  the  hght  of  the  data  presented  in  this  paper:  we 
shall  first  restate  the  argument  as  developed  in  our  study  of  the 
subject. 

If  our  general  idea  as  to  the  character  of  antiketogenesis  is 
correct,  it  means  that  the  development  of  ketosis  in  any  subject 
is  wholly  determined  by  the  relative  number  of  molecules  of  keto- 
genic  versus  ketolytic  substance  in  the  mixture  being  metabolized. 
This  mixture  is  made  up  of  a  variety  of  substances  formed  from 
the  three  foodstuffs,  protein,  carbohydrate,  and  fat.  The 
composition  of  the  mixture  and  the  resultant  of  its  "ketogenic 
balance"  therefore  depend  upon  those  factors  which  determine  how 
much  of  each  flows  into  the  metabolic  stream.  Some  of  these 
factors  are  fairly  well  known  and  can  be  predicted,  while  the  effect 
of  others  can  be  determined  in  indi\-idual  cases. 

Chief  among  these  factors  are  the  diet,  the  weight  or  body  sur- 
face of  the  subject,  his  nutritional  state,  and  the  degree  of  muscular 
acti^'^ty.  The  following  general  statements  as  to  the  effect  of 
these  factors  are  based  upon  well  kno^\^l  principles  of  nutrition, 
and  may  perhaps  be  regarded  as  almost  axiomatic.  The  diet  has 
only  these  (immediate)  effects:     ■ 

1.  Food  protein,  above  a  certain  minimum,  is  approximately  the 
amount  metabolized  (nitrogen  equilibrium),  provided  the  total 
energy  value  of  the  diet  and  the  amount  of  accompanying  car- 
bohydrate is  not  too  low.  Within  certain  limits  therefore  the 
amount  of  food  protein  determines  the  amoimt  of  protein  metabo- 
hzed,  and  its  contribution  of  ketogenic  and  ketolytic  material. 
The  two  compensatory  quota  may,  however,  not  be  catabolized 
simultaneously,  and  if  not,  the  protective  value  of  the  derived 
glucose  may  be  in  part  lost.  Another  important  effect  of  large 
protein  ingestion  is  its  marked  stimulation  of  total  metabolism 
("specific  dynamic  action").  Because  of  its  considerable  keto- 
genic influence  and  its  stimulating  effect,  the  lowest  possible  pro- 
tein metabolism  appears  to  be  indicated  when  ketosis  is  feared; 
but  on  low  protein  and  low  carbohydrate  diets  body  protein  is 
apt  to  be  dra^\Tl  upon,  and  the  total  may  even  be  increased.  The 
optimum  protein  intake  is  doubtless  the  lowest  which  mil  maintain 
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approximate  nitrogen  equilibrium;'  the  urinary  total  nitrogen  is 
the  only  indication  of  the  amount  catabolizcd,  and  must  be  known 
for  the  analysis  of  a  ketogenic  balance. 

2.  Food  carbohydrate,  temporarily  stored  as  glycogen,  is 
oxidized  in  preference  to  fat  within  the  carbohydrate  tolerance  of 
the  subject,  beyond  which  it  is  excreted  as  glucose.  If  taken  in 
larger  amounts  than  required  at  the  time,  some  may  also  be  con- 
verted into  fat  and  stored.  Its  effect  in  increasing  the  rate  of 
metabolism  is  small. 

3.  The  amount  of  food  fat  has  only  little  influence  upon  the 
amount  of  fat  burned,  which  is  chiefly  determined  by  the  require- 
ment for  energy  to  warm  the  body  and  to  do  its  muscular  work. 
If  an  abundance  of  available  carbohydrate  (or  protein  fragments) 
meets  the  greater  part  of  the  demand  for  energy,  little  fat  is  biuned 
regardless  of  whether  or  not  it  is  eaten;  while  on  the  other  hand  in 
fasting  or  on  low  carbohydrate  diets  fat  is  the  chief  fuel  even 
though  none  is  eaten. 

The  second  of  the  main  factors  which  influence  the  metabolic 
mixture  is  that  set  of  influences  which  determine  the  rate  of  basal 
metabolism.  In  the  same  categoiy,  but  quite  distinct,  is  the  effect 
of  muscular  acti\dty.  These  factors  are  decisive  in  controlling 
the  amount  of  energj'  exchange  and  consequently  the  total  amounts 
of  food  materials  which  are  burned.  On  this  point  the  diet  has 
(directly)  only  a  very  minor  influence.  The  individual  who  by 
hard  work  expends  a  total  of  3,000  or  4,000  calories  a  day,  obtains 
that  energy  from  the  oxidation  of  fat,  carbohydrate,  and  protein, 
even  though  he  eats  no  food  during  that  time.  The  same  indi- 
\-idual  at  rest  in  bed  w-ould  spend  only  half  that  energ\^,  and  would 
burn  half  as  nuich  foodstuffs.  If  we  suppose  this  subject  to  be 
fasting,  or  that  the  same  (small)  amount  of  carbohydrate  is  avail- 
able on  both  days— or  that  he  is  a  diabetic  with  a  fairly  low  toler- 
ance—his metabolic  mixture  and  his  ketogenic  balance  would  be 
quite  different  on  the  2  days.  At  rest  the  ketolytic  fractions 
might  be  enough  to  prevent  ketosis,  but  not  enough  to  dispose  of 
double  the  amount  of  keto-acid  derived  from  the  additional  fat 
burned  to  do  work. 

'  See  the  recent  paper  by  Marsh,  Newburgh,  and  H0II5'  (Marsli,  P.  L., 
Newburgh,  L.  H.,  and  Holly,  L.  E.,  Arch.  Int.  Med.,  1922,  xxix,  97)  which  in- 
dicates that  from  0.75  to  1  gin.  protein  per  kilo  is  usually  sufficient. 
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Fi-om  the  point  of  view  which  grows  out  of  the  above  considera^ 
tions,  the  problem  of  ('ahmlatiiig  the  optimum  diet  in  diabetes 
appears  to  focus  upon  the  following  question.  How  much 
additional  hetolytic  substance,  in  terms  of  glucose  of  food  carbohy- 
drate must  be  allowed  the  subject  (of  known  size,  activity,  and 
consequently  energy  requirements)  in  order  to  provide  a  safe  m,ar- 
gin  over  a  bare  ketogenic  balance  m  his  metabolic  mixture?  If  he 
has  sufficient  "tolerance"  to  burn  (utilize)  such  an  amount,  and 
receives  it,  ketosis  will  not  appear,  but  if  his  tolerance  is  already 
lower,  ketosis  is  unavoidable  until  the  amount  of  the  metabolic 
mixture  (the  total  metabolism)  is  decreased  to  the  point  where  a 
ketogenic  balance  is  attained. 

The  equation  which  must  be  solved  to  answer  the  above  ques- 
tion has  four  main  terms,  the  amounts  of  protein,  of  carbohydrate, 
of  fat,  and  total  calories  of  metabolism.  The  first  two  within 
certain  limits  may  be  fixed  by  diet,  while  the  last  is  almost  wholly 
determined  by  the  size  and  acti\'ity  of  the  indi\idual.  And 
\\hen  the  diet  is  fixed,  the  amount  of  fat  burned  depends  upon 
the  total  metabolism. 

Protein  and  fat  each  have  both  ketogenic  and  antiketogenic 
quotas,  while  carbohydrate  has  only  the  latter  influence.  Accept- 
ing for  the  present  the  quantitative  estimates  for  these  several  fac- 
tors found  to  yield  fair  agreement  in  the  analyses  of  cases  presented 
above,  the  net  elTect  of  each  may  be  stated  as  follows: 

Protein,  1  gm.  N  =  (20  glucose  equivalents  X  3)  —  15  ketogenic  =  2.5  milli- 

mols  excess  antiketogenic  equivalents. 
Fat,  1  gm.  =  3.43  ketogenic  -  (0.,57  glucose  equivalents  X  2)  =  2.29  milli- 

mols  excess  ketogenic  equivalents. 

and  1  cal.  from  fat  =  X    2.29  =  0.242  millimols  excess  ketogenic 

9.40 

equivalents. 
Carbohydrate,  1  gm,  glucose  =  5. .56  X  2  =  11.1  millimols  antiketogenic 

equivalents  and  1  cal.  from  glucose  =  --—  =  2. 90 millimols  antiketo- 

i.io 

genie  equivalents. 
According  to  the  above  values,  the  excess  antiketogenic  equivalents  of 
protein  corresponding  to 

2.5 
1  gm.  of  urinary  nitrogen  would  "neutralize"  — —  =  10.3  cal.  from  fat. 

2  90   ■ 
And  1  cal.  from  glucose  would   "neutralize"  — —  =  12.2  cal.  from  fat. 
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And, 
TTotal  caloricsl  _  TCalorics  from-]  _  TCalories  of  fat  "neutralized"  by-j  ^ 
Lof  metabolism  J       L      protein      J       Lexcess  antiketogenic  from  protein  J 

"Calories  of  metabolism  not  "neutralized"  by 
antiketogenic  of  protein  and  fat,  and  which 
must  be  supplied  from  fat  and  glucose  m 
ratio  of  not  more  than  12.2  fat  cal.  to  1  glu- 
cose cal.;  or  glucose  calories  must  beat  least 

^ =  0.076  of  the  total  unneutralized 

calories. 
On  substituting  values  for  the  above  expressions,  the  equation  becomes 
[Total  cal.  -  (N  X  26.5)  -  (N  X  103)1  X  0.076  ^  ^^^   ^^^^^^^ 
3.76  cal. 

necessary  to  provide  theoretical  ketogenic  balance. 
Simplified  and  the  values  rounded  off, 

Total  cal.  -  LN  X  130)  ^  ^^-^-^^^^^  ,,t,.^  ^U.^ose  (gm.). 
50 
According  to  this  expression  whenever  the  urine  nitrogen  multiplied  by 
1.30  equals  or  exceeds  the  total  calories  of  metabolism,  no  carbohydrate  is 
needed  to  provide  a  theoretical  balance.     Such  conditions  may  be  thus 
illustrated. 

With    5  gm    urine  N,  the  total  metabolism  might  be      650  calories. 
.<     JO    "  "      "      "      "  "  "       "   1,300       " 

,,     j5    «  u      .<      <i      «  «  "       "   1,950       " 

«    20    "  "      "      "      "  "  "       "  2,C00       " 

«     30    "  "      "      "      "  "  "       "   3,900       " 

These  figures  perhaps  indicate  the  way  in  which  the  Esldmo 
maj^  avoid  ketosis  without  carbohydrate  food. 

But  this  calculation  assumes  an  even  metabolism  and  the  maxi- 
mum utilization  of  all  ketolytic  substance,  which  is  doubtless 
rare.  The  results  cited  above  from  subjects  on  high  protein  diets, 
or  near  the  border-line  of  ketosis  indicate  that  a  variable  but  con- 
siderable excess  of  food  carbohydrate  is  usually  necessary.  The 
amount  of  this  excess  may  vary  with  the  subject,  with  the  fre- 
quency of  its  ingestion,  with  the  "peaks"  of  muscular  acti\'ity  and 
metabolism,  or  with  other  unknowni  factors;  but  it  appears  that 
double  the  quantity  is  usually  sufficient. 

A  slightly  different  equation  developed  from  a  pre^^ous  analysis 

(10)  is  i)orhaps  preferable  to  the  one  stated  above  because  some- 

.  wliat  simpler,  easier  to  remember  and  to  calculate.     Since  both 
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equations  give  the  theoretical  minimum  of  food  carbohydrate,  and 
a  variable  margin  over  this  miniimun  is  ahnost  always  necessary, 
the  simpler  formula  is  doubtless  sufficiently  accurate.  This 
formula  is 


Total  calories  of 

metabolism     -  (Urine  N  X  100) 
50 


=  Minimum  food  carbohydrate  (gm.). 


It  is  suggested  that  this  equation  be  used  as  follows.  Estimate 
from  the  size,  weight,  and  acti\'ity  of  the  subject  his  approxi- 
mate metabolism  for  24  hours.  If  necessary  determine  the  urine 
nitrogen  on  the  amount  of  food  protein  decided  upon;  or  tenta- 
tively assume  nitrogen  equilibrium  on  0.75  to  1.0  gm.  food  protein 
per  kilo,  and  confirm  it  later  after  diet  is  established.  Include  in 
the  diet  the  calculated  minimum  amoimt  of  starch,  or  preferably 
double  this  quantity  (or  more  if  the  diabetes  is  not  severe). 
Supply  the  rest  of  the  calories  needed  in  the  form  of  fat. 
On  theoretical  grounds  the  food  should  be  evenly  distributed 
throughout  the  day  in  frequent  small  meals. 

If  on  such  an  "optimum"  diet  thus  determined  the  subject 
shows  glycosuria  and  ketosis,  it  ob-viously  means  that  the  carbo- 
hydrate tolerance  is  lower  than  necessary  for  the  amount  of  the 
materials  metabolized,  and  the  only  recourse  is  to  decrease  the 
total  metabolism.  And  this  can  be  accomplished  only  by  mus- 
cular rest  or  by  undernutrition  or  both. 

The  undoubted  benefit  of  fasting,  advocated  by  Allen,  probably 
has  its  explanation  in  this  lowering  of  the  total  metabolism,  as 
pointed  out  by  Allen  and  Du  Bois  (23).  The  more  recent  use  of 
low  protein  and  (moderate)  fat  diets  of  Newburgh  and  Marsh  (19) 
also  appears  to  be  theoretically  sound;  and  the  still  more  recent 
proposal  by  Wilder  (8)  of  diets  about  25  per  cent  below  the  require- 
ment, and  the  points  of  x-iew  of  the  latter  and  of  Woodyatt  (4)  are 
in  harmony  mth  our  conclusions.  The  emphasis  which  both  have 
placed  upon  the  materials  metabolized,  rather  than  on  the  diets 
fed,  is  wholly  in  accord  with  the  conception  underlying  our  work 
and  is  the  basis  on  which  further  progress  in  the  dietary  treat- 
ment of  diabetes  may  be  expected. 
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During  the  course  of  some  clinical  and  experimental  studies  of 
acute  methyl  alcohol  poisoning  (1)  the  necessity  arose  for  making 
a  considerable  number  of  quantitative  estimations  of  the  excre- 
tion of  formic  acid  in  the  urine.  The  method  at  first  employed 
was  that  of  Dakin,  Janney,  and  Wakeman  (2),  which  is  satisfac- 
tory but  very  time-consuming.  It  was  foimd  desirable  to  de\dse 
a  simpler  and  quicker  procedure,  which  would  obviate  if  possible 
the  necessity  for  extraction  \\ith  ether  and  shorten  the  time 
required  for  the  other  manipulations.  The  foUowng  method  has 
proved  to  be  satisfactorj^  in  our  hands  and  yields  better  results 
than  are  obtained  by  the  ether  extraction  method. 

Methods. 

100  cc.  of  urine  are  accurately  measured  into  a  liter  volumetric 
flask  containing  500  to  600  cc.  of  water.  100  cc.  of  20  .per  cent 
CuSO^  are  added  and  the  whole  is  well  mixed.  A  10  per  cent  sus- 
jiension  of  Ca(0H)2  is  then  added  until  alkalinity,  as  evidenced 
liy  the  characteristic  color  change  from  green  to  blue,  occurs. 
It  is  well  to  avoid  an  excess  of  calcium  hydroxide.  The  contents 
are  then  made  up  to  volume  and  mixed.  After  standing  15  to  30 
minutes  they  are  filtered  and  a  600  cc.  aliquot  is  placed  in  a  800  cc. 
Kjeldahl  flask,  with  2  to  3  drops  of  phenolphthalein  as  an  indi- 
cator, and  made  distinctly  acid  with  85  per  cent  phosphoric  acid.' 
Sufficient  excess  should  be  added  to  free  all  of  the  formic  acid 
present  (1  to  2  cc.  are  ample  for  this  ptnpose).     Glass  beads  are 

'  Tartaric  acid  may  be  used  instead  of  phosphoric,  but  we  liave  not  found 
tlvit  it  has  an}-  particular  advantage.    Strong  mineral  acids  cannot  be  used. 
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added  to  prevent  bumping.  This  flask  is  connected  to  a  supply 
of  steam  and  to  a  water  condenser  by  means  of  a  Kjeldahl  trap. 
Both  the  neck  of  the  flask  and  the  outside  of  the  trap  are  well 
wrapped  with  asbestos  cord  to  prevent  loss  of  heat.'  The  distil- 
late is  caught  in  a  casserole  pro\ided  with  15  to  20  cc.  of  0.1  n 
NaOH,  and  a  few  drops  of  phenolphthalein  are  added  to  make 
sure  that  it  is  alkaline.  This  alkalinity  must  be  maintained 
throughout  tlie  distillation  by  the  addition  of  further  0. 1  n  XaOH 
as  may  be  necessary,  but  a  great  excess  must  be  avoided.  It  is 
neither  necessary  nor  ad\nsable  to  cause  the  dehvery  tube  from 
the  condenser  to  drop  under  the  liquid  in  the  casserole.  The 
distillation  must  be  so  managed  that  at  first  a  slow  stream  of 
steam  is  conducted  in,  while  the  contents  of  the  distilling  flask 
are  rapidly  driven  -over  by  brisk  heating  and  reduced  in  volume 
to  50  to  75  cc.  At  this  amount  they  must  remain  until  2  liters 
are  collected.^ 

The  distillate  is  then  evaporated  to  dr\Tiess  over  night  on  the 
water  bath,  and  the  residue  taken  up  in  exactly  100  cc.  of  distilled 
water  and  filtered.  A  90  cc.  aliquot  is  placed  in  a  250  cc.  Erlen- 
meyer  flask  and  made  just  acid  with  0.1  n  HCl.  10  cc.  of  the 
special  HgCU  mixture*  are  then  added  and  the  flask  is  fitted  with 
an  air  condenser  and  heated  in  a  boiling  water  bath  for  1  hour. 
After  cooling  the  mercurous  chloride  is  filtered  into  a  weighed 
Gooch  crucible,  washed  with  100  cc.  of  5  per  cent  cold  HCl,  then 
water,  alcohol,  and  ether,  and  dried  1  hour  at  105°  and  weighed. 
The  blank  of  the  reagents  in  oin-  experiments  has  varied  from 

2  Such  a  device  is  essential,  as  othenvise  phosphoric  acid  is  mechanically 
carried  over  during  the  rapid  distillation  and  causes  much  trouble.  It  is 
convenient  to  do  the  steam  distillations  on  a  Kjeldahl  rack. 

»  This  reduction  in  volume  is  necessary  because  the  amount  of  formic 
acid  carried  over  by  steam  distillation  varies  enormou.sly  with  the  volume 
of  the  distilling  fluid.  On  the  other  hand,  if  the  volume  is  allowed  to 
become  too  low,  especially  if  it  boils  dry.  large  errors  result  from  the  break- 
ing down  of  other  organic  substances  present  into  fonnic  acid.  2  liters  of 
distillate  are  sufficient  to  collect  if  these  precauticms  arc  observed.  It 
should  be  collected  in  about  2  hours. 

*  This  solution  contains  200  gm.  of  HgCl;,  SO  gm.  of  NaCl,  find  300  gm. 
of  Na  acetate  to  1  liter  of  water  (3).  10  cc.  of  this  solution  are  sufficient 
for  amounts  of  formic  acid  up  to  0.13  gm.,  that  is  a  concentr.ation  sixteen 
times  the  upper  limit  in  normal  urine.  For  urines  contaming  larger 
amounts,  larger  amounts  of  this  mercuric  chloride  mixture  must  be  used. 
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0.0014   to   0.0044   gm.    according   to   the   reagent   used.     The 
amount  of  formic  acid  per  hter  in  the  original  urine  is  then  1 .  01 

X  -TT  X  —  X  0.0975  X  (weight  of  precipitate— weight  of  blank 
6         9 

of    reagents)  .^ 

DISCUSSION. 

As  has  been  frequently  pointed  out,  the  isolation  of  volatile 
fatty  acids  by  steam  distillation  direct  from  acidified  urines  often 
entails  serious  errors,  because  the  prolonged  action  of  mineral 
acid  upon  carbohydrates  and  other  substances  present,  results 
in  fatty  acid,  especially  formic  acid  formation.^  The  precipita- 
tion with  copper  hydroxide,  a  device  introduced  by  Van  Slyke  in 
his  well  known  acetone  body  methods  (4),  disposes  of  this  difficult}'- 
by  removing  the  sugar  and  other  interfering  substances.  The 
steam  distillation  should  be  commenced  at  once  on  the  filtrate 
and  its  reduction  in  volume  effected  in  the  process.  It  is  a  waste 
of  time  first  to  try  to  concentrate  the  alkahne  aliquot  and  it  may 
cause  considerable  error  because  of  the  destruction  of  organic 
acids  which  takes  place  when  they  are  heated  in  alkaline  solution. 
Further,  it  has  been  found  that  when  fonnaldehyde  is  present 
(as  is  the  case  in  urines  obtained  dm-ing  acute  methyl  alcohol 
poisoning),  about  10  per  cent  will  be  oxidized  to  formic  acid  in 
the  process  of  evaporating  in  alkaline  solution. 

The  addition  of  NaCl  and  of  Na(CH2C00)  to  the  HgCl,  solu- 
tion hastens  very  gi-eatlj^  the  precipitation  of  HgCl  and  also  pre- 
vents the  precipitation  of  impurities.  As  seen  in  the  curve  (Fig.  1), 
99  per  cent  is  precipitated  after  1  hour  heating,  at  the  end  of  which 
the  reaction  is  stopped  and  1  per  cent  added  to  the  final  figure  of 
the  result.  We  have  spent  a  great  deal  of  time  in  efforts  to  develop 
a  method  for  titrating  the  mercury,  but  we  believe  the  gravimetric 
estimation  is  more  reliable  and  satisfactory. 

'  1  gm.  of  HgCl  equals  0.0975  gm.  of  formic  acid. 

'  It  may  be  pointed  out  that  this  error  obtains  in  the  Ryffel  method  for 
estiniatiiig  hictic  acid,  {i.e..  steam  distillation  from  urine  to  which  equal 
parts  of  concentrated  HjSOi  have  been  added),  -vvheu  determinations  are 
made  upon  urines  containing  carbohydrates.  Treatment  with  Cu(OH)j 
will  obviate  this  error  in  such  lactic  acid  determinations. 
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Determinations  of  the  formic  acid  content  of  urines  should  be 
commenced  as  soon  as  possible  after  collection.  We  have  found 
it  quite  impossible  even  when  kept  on  ice  or  when  preservatives 
arc  used,  to  get  concordant  results  when  specimens  stand  over  24 
hours. 

Tables  I  and  II  indicate  how  completely  Imown  formic  acid  can 
be  recovered  from  pure  aqueous  solutions  and  from  vu'ine  by  this 
method. 
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Fu;.  1.  Curve  showing  the  rate  of  formation  of  mcrcurous  chloride 
precipitate. 

The  Occurrence  of  Formic  Add  in  Human  Urine. 

A  nmnber  of  analyses  of  the  formic  acid  content  of  normal 
urine  from  individuals  on  mixed  diet  are  given  in  the  literature. 
The  amount  is  small  and  is  given  by  Dakin,  Janney,  and  Wake- 
man,  as  vaiying  from  29.9  to  118.6  mg.  per  24  hours.  Our 
results  are  in  agreement  with  these  figures. 

A  number  of  analyses  on  urines  from  patients  which  show  a 
high  organic  acid  content  are  given  in  Table  III.  It  is  known 
that  an  increase  in  the  consumption  of  carbohydrates  causes  an 
increased  formic  acid  excretion,  a  condition  which  would  also 
presumably  result  from  administration  of  glucose  intravenously 


TABLE  1 
Recovery  of  Formic  Acid  from  Aqueous  Solutions. 


Date. 

Amount  of 
formic  acid  added. 

Amount  of 
formic  acid  found. 

Error. 

(jm. 

am. 

om. 

per  cent 

Julv     7,  1920 

0.2404 

0.2364 

0.0040 

i.ft 

0.2404 

0.2401 

0.0003 

0 

0.2404 

0.2442 

0.0038 

1.5 

June  10,  1920 

0.1202 

0.1198 

0.0004 

0 

0. 1202 

0.1215 

0.0011 

0.9 

0.1202 

0.1216 

0.0012 

1.0 

"     14,  1920 

0.6010 

0.5821 

0.0189 

3.0 

0.6010 

0.6035 

0.0019 

0.3 

0.6010 

0.5835 

0.0175 

2.9 

"     15,  1920 

0.0060 

0.0064 

0.0004 

0.0060 

0.0064 

0.0004 

0.0060 

0.0070 

0.0010 

"     21,  1920 

O.COIO 

0.5904 

0.0106 

1.8 

0.6010 

0.5948 

0.0062 

1.3 

May    9,  1922 

0.1208 

0.1218 

0.0010 

0.8 

0.1208 

0.1203 

0.0005 

0.4 

TABLE  II. 
Recovery  of  Formic  Acid  Added  to  Urine. 


Date. 

Subject. 

Amount 
in  urine. 

Amount 
added. 

Amount 
recov- 
ered. 

Error. 

gm.  per 
100  cc. 

gm. 

gm. 

gm. 

per 
cent 

June  22,  1920 

A 

0.0053 
0.0060 

Nephritic    with    albu- 

0.0240 

0.0236 

0.0004 

1.9 

minuria. 

0.0240 

0.0229 

0.0011 

4.8 

0.6010 

0.6043 

0.0033 

0.5 

0.6010 

0.6127 

0.0117 

1.9 

0.6010 

0.5896 

0.0114 

1.9 

Oct.  29,  1920 

B 

0.0073 

Diabetic,   1.0  per  cent 

0.0240 

0.0248 

0.0008 

3.0 

sugar.    Acetone    and 

0.6010 

0.5992 

O.OOIS 

0.3 

Diacetic  +  +  +  -1- 

May    5,  1922 

C      ^ 

0.0038 
0.0040 

Diabetic,  3.0  per  cent 

0.1208 

0.1167 

0.0041 

3.4 

sugar.    Acetone    and 

0. 1208 

0.1170 

0.00:58 

3.1 

Diacetic +  +  +  + 

Apr.  19,  1922 

D 

0.0019 
0.0020 

Normal  individual. 

0.1208 

0.1167 

0.0041 

3.4 
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or  by  other  routes.  The  data,  however,  indicate  that  an  increased 
excretion  of  formic  acid  does  not  commonly  occur  in  the  acidosis 
of  diabetes.  An  opportunity  to  study  the  excretion  in  the  acidosis 
of  starvation  was  afforded  by  the  analysis  of  urines  from  epileptic 
patients  under  treatment.  The  data  indicate  that  formic  acid 
excretion  plays  no  part  in  the  production  of  the  high  organic  acid 
excretion  usually  foimd  in  these  fasting  patients. 

TABLE  IV. 

Excretion  of  Formic  Acid  in  Experimental  Methyl  Alcohol  Poisoning. 

Dog  K.    Weight  7.2  kilos.    Male. 


Date. 

Urine. 

0.1  N  or- 
ganic acid. 

0.1  N  formic 
acid. 

Remarlcs. 

1920 

cc. 

cc. 

cc. 

May    3 

240 

271 

23 

"      4 

600 

24 

"      5 

290 

250 

15 

Given  8  gm.  CH3OH 
by  stomach  tube. 

per  kilo 

"      6 

650 

468 

170 

"      7 

275 

1,234 

532 

"      8 

195 

1,249 

514 

"      9 

175 

1,929 

702 

"    10 

200 

1,625 

516 

"    11 

395 

1,292 

671 

"    12 

405 

871 

266 

"    13 

104 

807 

245 

"    14 

380 

.541 

188 

"    15 

300 

511 

51 

"  ,16 

410 

19 

"    17 

310 

299 

The  one  pathological  condition  in  which  formic  acid  excretion 
has  been  found  to  play  a  predominant  role  is  in  the  acidosis  of 
methyl  alcohol  poisoning.  In  Table  IV  is  given  the  formic  acid 
excretion  in  one  experiment  following  ingestion  of  methyl  alcohol 
by  mouth. 

SUMMARY. 

An  improved  and  simplified  method  for  the  estimation  of 
formic  acid  in  urine  is  described. 

No  increase  in  the  excretion  of  formic  acid  has  been  found  dviring 
the  acidosis  due  to  diabetes,  and  in  that  due  to  starvation.     The 


450  Formic  Acid  in  the  Urine 

formic  acid  excretion  and  its  relation  to  the  total  organic  acid 
excretion  arc  presented  from  an  experiment  in  the  production  of 
acute  methyl  alcohol  poisoning. 
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THE  COMPARATIVE  TOXICITY  OF  AMMONIUM  SALTS. 
By  frank  p.  UNDERHILL  and  ROBERT  KAPSINOW. 

{Fro7n  the  Department  of  Pharmacology  and  Toxicology,  Yale  University, 

New   Haven.) 

(Received  for  publication,  August  4,  1922.) 

In  view  of  the  important  role  played  by  ammonia  and  am- 
monium salts  in  the  metabolism  of  living  tissue,  this  investigation 
was  undertaken  to  determine  the  comparative  toxicity  of  the  more 
common  ammonium  salts,  both  organic  and  inorganic. 

Rachford  and  Crane'  attempted  to  study  the  relative  toxicity 
of  ammonium  compounds  and  their  action  in  acid  intoxication  in 
mice.  They  found,  emplojing  5  per  cent  solutions,  that  the 
toxicity  of  the  different  salts  apparently  had  little  or  no  relation 
to  the  ammonia  content  of  the  salt  (see  Table  I). 

It  appears  from  Tables  I  and  II  that  the  toxicity  of  ammonium 
salts  depends  rather  upon  the  amount  of  salt  present  than  upon 
the  NHj  content.  This  lack  of  uniformity  has  been  the  incentive 
to  repeat  this  work. 

Method. 

The  animals  used  were  adult  white  rats  of  average  weights.  All 
the  salts  used  were  made  to  approximate  5  per  cent  solution.  The 
nitrogen  in  the  form  of  NHs  was  determined  in  three  5  per  cent 
solutions  hy  an  abbreviated  Folin-Farmer  microchemical  method'' 
for  total  nitrogen.  5  cc.  of  the  ammonia  solution  were  matched 
against  5  cc.  of  standard  ammoniimi  sulfate  containing  1  mg.  of 
nitrogen  after  being  nesslerized  as  nearly  as  possible  at  the  same 
time.  In  this  way  it  was  possible  to  determine  accurately  the 
amount  of  nitrogen  in  the  form  of  NH3  present  in  1  cc.  and  to  rule 
out  the  weight  of  the  water  of  crystallization. 

>  Rachford,  B.  K.,  and  Crane,  W.  H.,  Med.  Neu's,  1902,  Ixxxi,  778. 
-  Folin,  O.,  and  Farmer,  C.  J.,  J.  Biol.  Chem.,  1912,  xi,  493. 
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Six  animals  were  used  for  each  series,  the  amount  of  solution 
injected  ranged  from  0.5  to  3.0  cc.  per  100  gni.  of  body  weight. 
The  miniuuuii  lethal  dose  taken  was  that  amount  which  caused 
death  within  3  hours. 


TABLE  I. 

(Rachford  and  Crane.) 

Arranged  to  Emphasize  Fatal  Dosage. 


Salt. 


Ammonium  oxalate. . . . 
"  carbonate. 


chromate 

chloride 

nitrate 

citrate 

sulfate 

tartrate 

hydrogen  phosphate. 

acetate 

sarcolactate 

lactate 


Toxicity  of 
5  per  cent 
solution. 


0.04 
0.12 
0.12 
0.19 
0.19 
0.19 
0.22 
0.2S 
0.28 
0.49 
0.62 
0.74 


Amount 
in  fata!  dose. 


am. 

0.002 
0.00(1 
0  006 
0.009 
0.009 
0.009 
0.011 
0.013 
0.013 
0.026 
0.032 
0.039 


Amount 
of  NHi  in 
fatal  dose. 


gm. 
0.00058 
0.0022.5 
0.00142 
0.00.306 
0.00202 
0.00225 
0.003 
0.0025 
0.0035 
0.00608 
0.00504 
0.00655 


A rranged   to 


TABLE  II. 

(Rachford  and  Crane.) 
Show  Relalionship  of  NHi  Content  to  Fatal  Dose. 


Salt. 


Anmioniiini 


lactate 

acetate 

sarcolactate 

hydroRcn  phosphate. 

chloride 

sulfate 

tartrate 

citrate 

carbonate 

nitrate 

chromate 

oxalate 


Amount 
of  NHi  in 
fatal  dose. 


gm. 
0.006.55 
0.00608 
0.00504 
0  0035 
0.00306 
0.003 
0.0025 
0.00225 
0.00225 
0.00202 
0  00142 
0.00058 


Fatal  dose. 


0.74 
0.49 
0.62 
0.28 
0.19 
0.22 
0.28 
0.19 
0.12 
0.19 
0.12 
O.W 
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Observations. 

It  will  be  seen  from  Tables  Ilia,  IIH),  IVr;,  and  l\b  that  in 
general  the  toxicity  of  the  ammonium  salts  is  directly  proportional 
to  the  amount  of  NH3  present,  the  fatal  acting  time  remaining 
inversely  to  the  amount  of  NH3  present  to  the  number  of  cubic 
centimeters  injected. 

Table  Ilia.— The  minimum  lethal  dose  and  the  milligrams  of 
nitrogen  in  the  total  minimum  lethal  dose  depend  upon  the 
weight  of  the  animal.  It  is  readily  seen  that  the  milligrams  of 
nitrogen  per  1  cc.  tend  to  run  parallel  to  the  dose  per  100  gm.  in 
the  minimum  lethal  dose. 

Table  1 1  lb. —This  table  is  arranged  to  show  the  relation  of  the 
milligrams  of  nitrogen  in  the  total  minimum  lethal  dose  to  the 
fatal  acting  time.  Here  one  can  see  that  the  fatal  acting  time  is 
decreased  the  greater  the  amount  of  NH3  present. 

TABLE  Ulb. 
The  Relation  of  Toxicity  to  NH,  Content. 


Rat 
series. 

Substance. 

Nper 
dosaee. 

Amount. 

Time. 

Remarks. 

mg. 

cc. 

min. 

1 

NH4I 

3.0 

No  deaths  recorded 
with  maximum  dose. 

2 

NH4CrS04 

3.0 

No  deaths  recorded 
with  maximum  dose. 

3 

(Nn,)2Cr04 

0.02128 

2.0 

155 

4 

NH,Br 

0.022125 

2.5 

91 

5 

(H2)NH4P04 

0.02265 

3.0 

83 

6 

No.  1  NH4HCO3 

0.023075 

2.5 

42 

7 

(NH,)2S04 

0.023575 

2.5 

CO 

8 

(NH^IsPOi  neutral. 

0.024 

3.0 

49 

9 

NH.NO, 

0.024125 

2.5 

32 

10 

No.  2  NHi(H)C03 

0.0245 

2.5 

08 

Duplicate. 

11 

(NIIi^^COs  + 

carbamide. 

0.02637 

3.0 

24 

12 

NH,C1 

0.020575 

2.5 

17 

13 

HCNHOsPO, 

0  029670 

3.0 

70 

Exceptions  to  the  above  rule  are  (NH4)H2P04,  (NH4)2HP04, 
and  (NH4)3P04;  (NH4)HC03  and  (NH4)2C03  plus  carbamide. 
Two  series  of  (NH4)HC03  were  carried  through  because  of  its 
rapid  deterioration.     It  was  found  that  although  there  was  a 
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delay  in  the  fatal  acting  time  or  in  other  words  a  decrease  in 
toxicity,  nevertheless  for  the  carbonate  group,  the  same  rule  held 
true  as  with  all  the  other  salts.  The  phosphates  tend  to  run  in 
the  same  way  although  not  so  perfectly.  The  importance  of  these 
two  types  of  substances  in  neutralizing  acid  bodies  of  intoxication 
demonstrates  the  relative  resistance  that  the  organism  has  to 
them. 

Table  IVa. — Here  the  ratio  of  NH3  content  to  dosage  and  its 
relation  to  the  fatal  acting  time  is  more  clearly  demonstrated. 
The  exceptions  in  this  group  are  ammoniimi  citrate  and  ammoniimi 
lactate,  but  when  taken  in  10  per  cent  solutions  it  is  seen  that 
ammonium  citrate  containing  more  NH3  requu-es  less  dosage  and 
is  more  actively  fatal  than  ammonium  lactate.  The  resistance  to 
ammonimn  lactate  may  be  explained  perhaps  by  the  ability  of  the 
body  to  oxidize  lactic  acid. 


TABLE  IV6. 

The  Relation  of  Toxicity  to  NHz  Content. 


Rat 
series. 

Substance. 

N  per 
dosage. 

Amount. 

Time. 

Remarks. 

mg. 

cc. 

min. 

1 

Ammonium 

valerianate. 

0.00251 

3.0 

No  deaths.  Max- 
imum dose  of  5 
per  cent  solu- 
tion. 

2 

it 

tartrate. 

0.00254 

3.0 

58 

3 

4 

It 
tt 

benzoate. 
lactate. 

0.003032 
0.004564 

2.5 
3.0 

134 

No  deaths.  Max- 
imum dose  of  5 
per  cent  solu- 
tion. 

5 
6 

It 

tt 

salicylate, 
citrate. 

0.00572 
0.00781 

2.5 
3.0 

63 

No  deaths.  Max- 
imum dose  of  5 
per  cent  solu- 
tion. 

7 

tt 

acetate. 

0.0079G 

1.5 

96 

S 
9 

It 
tt 

formate, 
lactate. 

0.01073 
0.0138 

2.0 
3.0 

117 
86, 

10  per  cent  solu- 
tion. 

10 

tt 

citrate. 

0.01634 

2.5 

38 

10  per  cent  solu- 
tion. 
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In  comparing  the  action  of  NH3  in  the  organic  and  inorganic 
compounds  with  regard  to  a  possible  diminution  of  toxicity  in  the 
organic  compounds  to  that  of  the  inorganic  compounds,  it  would 
seem  that  the  organic  compounds  are  less  toxic,  probably  due  to 
the  greater  ease  with  which  they  can  be  converted  to  urea. 

SUMMARY. 

1.  The  toxicity  of  ammonium  salts  is  directly  proportional  to 
the  amount  of  NH3  present. 

2.  The  greater  the  ratio  of  NH3  to  the  salt,  the  smaller  is  the 
minimum  lethal  dose. 

3.  The  fatal  acting  time  is  inversely  proportional  to  the  amount 
of  NH,i  present. 


THE  INFLUENCE  OF  WATER  INTRODUCTION  UPON 
BLOOD  CONCENTRATION  INDUCED  BY 
WATER  DEPRIVATION. 

By  frank  p.  UNDERHILL  and  ROBERT  KAPSINOW. 

{From  the  Deparhncnt  of  Pharmacology  and  Toxicology,  Yale  University, 

Sew  Haven.) 

(Received  for  publication,  August  4,  1922.) 

That  changes  in  blood  concentration  are  of  considerable  sig- 
nificance in  various  normal  and  pathological  states  is  rapidly 
gaining  recognition.  Disturbances  in  water  balance  introduce 
factors,  hitherto  unrecognized,  which  profoundly  effect  the  circu- 
lation and  hence  indirectly  exert  a  striking  influence  upon  the 
processes  of  internal  respiration  leading  eventually  to  more  or  less 
marked  embarrassment  of  the  vital  activities  of  the  cell,  and  if 
continued  for  a  sufficient  period  death  inevitably  follows.' 

In  connection  with  another  problem  it  became  essential  to  know 
the  influence  of  water  deprivation  for  relatively  short  periods  upon 
alterations  of  blood  concentration  and  in  particular  the  immediate 
effect  of  the  introduction  of  large  volumes  of  fluid  upon  the  changed 
blood  concentration.  This  problem  is  the  subject  of  the  present 
comnumication. 

Methods. 

Female  dogs,  full  grown  and  in  good  nutritive  condition,  were 
kept  in  metabolism  cages  without  food  and  water  for  periods 

I  For  literature  on  changes  in  blood  concentration  consult:  Sellards, 
A.  W.,  The  principles  of  acidosis,  and  clinical  methods  for  its  study,  Cam- 
bridge 1017;  Underhill,  F.  P.,  The  lethal  war  gases,  physiology  and  ex- 
perimental treatment,  New  Haven,  1920;  The  Harvey  Lectures,  1918-19, 
xiv  234;  Underhill,  F.  P.,  and  Ringer,  M.,  J.  Am.  Med.  Assn.,  1920,  Ixxv, 
1531 ;  Marriott,  W.McK.,  Am.  J.  Dis.  Child..  1920,  xx,  461 ;  Underhdl,  F.  P., 
and  Greenhouse,  B„  /.  Urol..  1921,  vi,  83;  Rowntree,  L.  G.,  Physiol. 
Rev.,  1922,  ii,  116;  Underhill,  F.  P.,  and  Ringer,  M.,  ./.  Pharmacol,  and 
Exp.  Therap.,  1922,  xix,  163,  179;  Underhill,  F.  P.,  and  Errico,  L., 
,/.  Pharmacol,  and  Exp.  Therap.,  1922,  xix,  135. 
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varying  from  5  to  8  days.  During  this  interval  blood  concentra- 
tion changes  were  followed  three  times  daily  by  estimation  of 
hemoglobin  content  of  blood  (method  of  Cohen  and  Smith)  ob- 
tained by  puncture  of  an  ear  vein.  Previous  investigations  from 
this  laboratory  have  demonstrated  that  such  estimations  furnish 
a  rcIiaWe  guide  for  this  purpose.  Urine  volume  was  determined 
daily  by  catheterization.  When  blood  concentration  had  seemingly 
reached  a  maximum  water  was  offered  to  the  animals  and  they 
were  allowed  to  drink  until  satisfied.  Hemoglobin  estimations 
were  then  made  at  short  intervals.  During  the  course  of  the 
water  deprivation  the  animals  were  quiet  and  apathetic  and  lost 
weight  very  rapidly.  After  water  and  food  were  resimied  the 
dogs  quickly  regained  their  weight  and  normal  condition. 

The  hifluence  of  Short  Intervals  of  Water  Deprivation  upon  Changes 
in  Blood  Conce7itration. 

During  the  progress  of  this  investigation  Keith-  reported  marked 
changes  in  blood  volume  in  dogs  deprived  of  water  for  periods 
varying  from  2  to  4  weeks.  Hemoglobin  was  usually  but  not 
invariably  increased.  Blood  pressure  was  also  at  times  markedly 
lowered.  Administration  of  food  and  water  resulted  in  a  rapid 
increase  in  the  amount  of  circulating  plasma,  a  fall  in  hemoglobin 
and  a  decrease  in  the  viscosity  of  the  whole  blood,  plasma,  and 
serimi.  The  demonstration  of  a  decrease  in  the  volume  of  the 
circulating  blood  offers  an  explanation  for  similar  clinical  conditions 
such  as  chronic  shock-lilce  states  and  atrophic  infants.  It  also 
affords  an  experimental  method  for  the  study  of  rational  therapy 
in  such  cases  (Keith). 

The  results  of  the  present  investigation  are  presented  graphi- 
cally in  Charts  1  to  4  inclusive.  Hemoglobin  estimations  are 
given  in  percentages  of  the  normal  hemoglobin  values.  From 
these  graphs  it  is  quite  apparent  that  blood  concentration  changes 
become  significant.  The  average  increased  concentration  begins 
early  in  the  period  of  water  deprivation  and  gradually  rises  to  a 
fairly  well  defined  maximmn  which  is  not  exceeded  during  the  time 
interval  of  this  investigation.  The  daily  values  for  hemoglobin 
content  fluctuate  greatly  which  perhaps  may  indicate  an  attempt 

2  Keith,  N.  M.,  Am.  J.  Physiol.,  1922,  lix,  452. 
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Chart  1.  The  influence  of  water  introduction  upon  hemoglobin  of  the 
blood  of  animals  deprived  of  water. 
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Chart  2.  The  influence  of  water  introduction  upon  hemoglobin  of  the 
blood  of  animals  deprived  of  water. 
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Chart  3.  The  influence  of  water  introduction  upon  hemoglobin  of  the 
blood  of  animals  deprived  of  water. 


Upine 
Cc 
100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 


A 

^ 

^ 

A 

N 

M 

A 

N 

V 

P 

^ 

M    / 

N 

^ 

fi 

^ 

M    A 

^ 

f 

A 

t 

M    A 

; 

ii 

a 

"" 

D< 

;55 

1 

600 

/ 

^3 

-1- 

Ul-i 

ne 

y%. 

— 1 — 

Ht 

— 

sv 

^^ 

/ 

r 

\ 

/ 

\ 

/_ 

1 

vm 

c.h 

i" 

\ 

/ 

WU 

\ 

/ 

— 

1 

, 

\ 

-J 

2 

/ 

, 

• 

/ 

\ 

\ 

/ 

" 

/ 

■\ 

i 

' 

V 

n 

/ 

\ 

V 

• 

\ 

\ 

1 

/ 

V 

12U 

/ 

\ 

/ 

/ 

\ 

\ 

// 

/ 

\ 

y 

\ 



^ 

/ 

\ 
> 

1 

/ 

UU 

/ 

-\ 

-/ 

/ 

7 

\ 

< 

y^ 

_ 

_ 

_ 









V 

Chart  4.  The  influence  of  water  introduction  upon  hemoglobin  of  the 
blood  of  animals  deprived  of  water. 
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on  the  part  of  the  organism  to  maintain  constant  the  concentration 
of  the  circulating  medium.  A  point  of  considerable  significance  is 
the  maximum  level  of  blood  concentration  attained.  In  previous 
experience'  it  has  been  shown  that  blood  concentration  exceeding 
25  per  cent  above  the  normal  is  attended  by  grave  sj^ptoms  and 
that  a  level  maintained  at  40  per  cent  or  more  is  usually  followed 
by  death.  In  this  connection  it  is  quite  evident  that  the  results 
obtained  in  the  present  communication  fall  in  line  with  this 
general  statement.  Levels  of  blood  concentration  considerably 
above  25  per  cent  of  normal  were  reached  but  were  not  maintained 
for  appreciable  periods.  This  fact  emphasizes  the  large  factor  of 
safety  possessed  by  the  organism  in  regulation  of  the  water 
balance.  It  is  quite  probable  therefore  that  grave  detrimental 
effects  are  not  to  be  •expected  from  water  deprivation  until  this 
factor  of  safety  in  water  regulation  has  been  exceeded.  If  the 
assumption  is  correct  that  levels  of  blood  concentration  exceeding 
40  per  cent  of  the  normal  are  attended  by  marked  evidences  of 
abnormality  then  it  is  probable  that  this  factor  of  safety  breaks 
down  when  blood  concentration  is  maintained  at  a  level  greatly 
exceeding  40  per  cent  of  the  normal  value. 

Although  the  fact  that  water  deprivation  appreciably  increases 
blood  concentration,  is  of  great  significance  clinically,  of  even 
greater  importance  is  the  observation  presented  in  the  appended 
charts,  that  introduction  of  water  into  the  system  of  an  animal 
with  concentrated  blood  will  rapidly  cause  blood  concentration  to 
resume  a  level  near  the  normal.  Such  observations  indicate  proper 
methods  of  therapy  in  conditions  associated  with  highly  concen- 
trated blood.  It  is  well  known  that  blood  concentration  is  altered 
little,  if  at  all,  by  the  introduction  of  large  volumes''  of  water  into 
normal  individuals,  the  organism  tending  to  maintain  a  constant 
circulating  fluid.  It  would  seem  quite  reasonable  to  assume  that 
the  introduction  of  lai-ge  volumes  of  fluid  into  the  normal  organism 
would  be  promptly  excreted,  the  excess  fluid  being  of  no  special 
value.  On  the  other  hand,  it  is  just  as  reasonable  to  assume  that 
in  conditions  where  water  in  the  body  has  been  greatly  diminished 
introduced  water  should  be  retained  in  order  to  restore  blood 

=  Underbill,  F.  P.,  The  lethal  war  gases;  physiology  and  experimental 
treatment,  New  Haven,  1920. 

*  Haldane,  J.  S.,  and  Priestley,  J.  G.,  /.  Physiol.,  191.5-16,  1,  296. 
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volume  to  a  normal  status.  Such  a  fact  emphasizes  the  error 
of  applying  observations  obtained  under  normal  circumstances 
to  conditions  in  which  disturbed  metabolic  processes  play  a  role. 
Water  introduced  into  a  normal  individual  will  not  materially 
alter  blood  concentration,  introduced  into  an  animal  with  highly 
concentrated  blood  water  will  cause  blood  concentration  to  be 
reduced  to  a  level  near  the  normal.  These  facts  further  emphasize 
the  rational  type  of  treatment  to  be  followed  in  conditions  asso- 
ciated with  concentrated  blood  as  already  indicated  for  war  gas 
poisoning'  and  certain  types  of  influenza.'* 

CONCLUSIONS. 

Short  intervals  of  water  deprivation  significantly  increase  the 
blood  concentration  of  dogs.  The  degree"  of  concentration  at- 
tained under  the  experimental  conditions  indicates  a  great  factor 
of  safety  on  the  part  of  the  organism  in  the  regulation  of  water 
l)alance  since  dangerous  levels  of  blood  concentration  were  not 
maintained  nor  were  abnormal  sjonptoms  in  evidence. 

Water  introduction  in  animals  with  concentrated  blood  produces 
a  return  of  blood  concentration  to  a  point  approximating  the 
normal. 

These  observations  indicate  the  type  of  therapy  adequate  in 
conditions  associated  with  concentrated  blood  and  lend  support 
to  the  therapy  advocated  previously  by  UnderluU  in  war  gas 
poisoning  and  in  certain  types  of  influenza. 

.=  Underbill,  F.  P.,  and  Ringer,  M.,  J.  Am.  Med.  Assn.,  1920,  Ixxv,  1531. 


THE  EXCRETION   OF  ACID  AND   AMMONIA. 

By  ROGER  S.  HUBBARD  and  SAMUEL  A.  MUXFORD. 

{From   The  Clifton  Springs  Sdnitarium,  Clifton  Springs,  Neio  York.) 

(Received    for  publioaton,  August  19,  1922.) 

In  an  investigation  of  the  relationship  between  the  alkaline  tide 
in  urine  and  the  occurrence  of  free  hydrochloric  acid  in  the  stomach 
as  sliown  by  fractional  gastric  analysis,  a  preliminary  report  of 
which  has  been  given  elsewhere  (Hubbard  and  Munford,  1922), 
certain  facts  were  observed  regarding  the  excretion  of  ammonia 
which  led  to  the  present  study:  cases  which  showed  an  absence 
of  free  hydrochloric  acid  in  the  gastric  juice  showed  a  high  degi-ee 
of  constancy  of  both  hydrogen  ion  concentration  and  ammonia 
in  specimens  of  urine  collected  at  different  times  in  the  day. 
This  observation  is  not  new;  Schittenhelm  (1903),  Loeb  (1905), 
and  Gammeltoft  (1911)  have  reported  similar  findings  in  various 
clinical  conditions  associated  with  anacidity,  and  have  shown  that 
ammonia  excretion  varies  after  meals.  Recently,  Campbell 
(1920),  who  has  summarized  the  earlier  literature  upon  tliis  sub- 
ject, has  shown  that  the  excretion  of  acid  and  ammonia  vary  to- 
gether after  meals.  In  the  paper  presented  here  a  statistical 
study  of  a  series  of  results  has  been  made  to  find  out :  (1)  to  what 
degree  ammonia  excretion  varies  with  the  acidity  of  the  urine; 
(2)  what  influence  the  volume  of  the  urine  has  upon  the  excretion 
of  ammonia;  (3)  whether  any  relationsliip  fomid  is  between  the 
ammonia  present  in  urine  and  the  reaction  or  the  amount  of  acid 
present:  (4)  is  any  relationship  noted  primarily  between  acidity 
and  the  amount  of  ammonia  present,  or  acidity  and  the  concen- 
tration of  ammonia;  and  (5)  what  is  the  influence  of  volimie  of 
urine  excreted  on  the  relationship  between  acidity  and  ammonia. 

The  literature  upon  the  alkaline  tide  in  urine  is  extensive,  and, 
as  it  has  recently  been  reviewed  by  Campbell  (1920)  and  Fiske 
(1921).  it  will  not  be  summarized  hero.  Two  views  have  been 
advanced  as  to  the  cause  of  the  alkaline  tide,  one  that  it  is  due  to 
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the  secretion  of  hydrochloric  acid  by  the  stomach  and  subsequent 
reabsorption  of  the  acid  in  the  intestines,  recently  restated  and 
defended  by  Campbell  (1920),  and  supported  by  the  work  of  Ben- 
nett and  Dodds  (1921)  on  the  relationship  between  gastric  acidity 
and  alveolar  carbon  dioxide  tension,  and  one  that  it  is  due  to 
changes  in  the  respiratory  acti\ity  which  would  lead  to  a  condition 
of  acidosis  were  they  not  compensated  for  by  the  secretion  of  a 
urine  more  alkaline  than  usually  by  the  kidney  (Leathes,  1919). 
The  constancy  of  urine  reaction  found  in  cases  showing  an  absence 
of  free  hydrochloric  acid  in  the  gastric  juice  (Hubbard  and  ]\Iun- 
ford,  1922)  would  favor  a  gastric  rather  than  a  renal  source  of  the 
alkaline  tide. 

Manj^  writers,  besides  those  already  referred  to,  have  called 
attention  to  the  relationship  between  reaction  and  ammonia 
excretion.  Hasselbalch  (1912,  1916)  in  particular,  has  discussed 
the  simultaneous  variation  of  these  two  urinary  constituents  after 
meals,  and  has  studied  the  effect  of  differences  in  diet  upon  them. 
He  noted  that  the  ratio  between  ammonia  and  total  nitrogen  in 
the  urine  varied  with  the  hydrogen  ion  concentration,  and  plotted 
curves  to  illustrate  the  relationship  (Hasselbalch,  1916).  In  the 
same  paper  he  stated  that  the  values  of  this  ratio  corresponded 
more  closely  with  those  of  the  hydrogen  ion  concentration  than 
did  either  the  concentration  of  the  ammonia  or  the  amount  ex- 
creted in  an  hour.  Confirmation  of  the  existence  of  a  relationship 
between  ammonia  excretion  and  the  reaction  of  the  urine  is  fur- 
nished by  the  work  of  CoUip  and  Backus  (1920)  and  of  Grant  and 
Goldman  (1920).  They  investigated  the  effect  of  forced  respira- 
tion u]5on  various  factors  which  might  be  influenced  by  an  induced 
acidosis  or  alkalosis,  and  found  that  the  urine  became  less  acid  and 
the  amount  of  ammonia  excreted  decreased  as  a  result  of  their 
experiments. 

Among  papers  which  have  dealt  with  the  influence  of  fluid 
intake,  A\ith  consequent  increase  of  volume  of  urine  excreted, 
upon  the  elimination  of  ammonia  are  those  of  Wills  and  Hawk 
(1914)  and  Wilson  and  Hawk  (1914).  These  authors  showed  that 
the  amount  of  ammonia  excreted  in  a  day  varied  wath  the  amount 
of  water  taken.  Ivy  n918)  investigated  the  influence  of  fluid 
intake  upon  ammonia  excretion,  of  gastric  secretion  upon  ammonia 
excretion,  and  of  fluid  intake  upon  gastric  secretion.     He  worked 
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■^^^th  iioniial  liuiuaii  subjects  and  with  dogs,  and  showed  that 
secretion  of  hych-ochloric  acid  by  the  stomach  and  its  subsequent 
reabsorption  regularly  influenced  the  excretion  of  ammonia,  but 
that  increased  excretion  of  water  did  not  always  do  so.  He 
believed  that  unless  water  was  so  given  that  it  influenced  the 
secretion  of  hydrochloric  acid  by  the  stomach  it  had  no  influence 
upon  the  excretion  of  ammonia. 

Comparisons  of  urinary  acidity  and  ammonia  excretion  after 
the  admini.stration  of  acids  and  alkalies  have  been  made  often. 
A  paper  which  bears  directly  upon  some  aspects  of  the  problem 
undei  consideration  is  that  of  Marriott  and  Rowland  (1918). 
They  fed  equivalent  amounts  of  dilute  hydrochloric  acid  and  mix- 
tures of  phosphates  of  different  hydrogen  ion  concentrations  to 
three  normal  human  subjects,  and  found  that  the  acid  increased 
the  daily  elimination  of  both  the  titratable  acid  and  ammonia, 
that  solutions  of  acid  sodium  phosphate  increased  the  elimina- 
tion of  acid  only,  and  that  phosjihate  solutions  which  had  a  pH 
of  7.4  increased  the  amount  of  acid  and  decreased  the  amount  of 
ammonia  excreted.  These  experiments  show  that  titratable 
acid  and  ammonia  are  not  necessarily  related  to  each  other.  In 
exi^eriments  under  normal  conditions,  however,  there  may  be  some 
relationship  between  amounts  of  acid  and  amounts  of  ammonia 
excreted.  Campbell  (1920)  has  commented  upon  such  a  rela- 
tionship in  his  paper  upon  the  alkaline  tide,  and  Fiske  (1920) 
has  discussed  variations  in  the  ratio  between  the  amounts  of  am- 
monia and  sulfate  excreted  because  sulfuric  acid  is  one  of  the  acids 
neutralized  by  anmionia  in  the  body.  He  showed  that  the  values 
of  this  ratio  varied  with  the  hydrogen  ion  concentration  of  urine. 

The  figures  discussed  in  this  paper  were  ol:)tained  from  a  series 
of  twenty-one  experiments  carried  out  on  nineteen  subjects  who 
did  not  show  clinical  or  metabolic  sjTnptoms  of  acidosis;  six  of 
them  gave  gastric  analyses  typical  of  anacidity.  In  each  experi- 
ment specimens  of  urine  were  collected  every  2  hours  from  7  a.m. 
to  7  p.m.,  and  a  single  specimen  was  collected  from  7  p.m.  to  7 
a.m.  of  the  following  day.  All  specimens  were  analyzed  as  soon 
as  possible  after  they  were  collected,  except  that  in  some  instances 
specimens  collected  in  the  evening  were  put  on  ice  and  were  an- 
alyzed the  next  morning.  The  determination  of  the  hydrogen 
ion  concentration  was  carried  out  bv  a  colorimetric  method  es- 
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sentially  the  same  as  that  recontly  d<>scrihptP  by  Marshall  (1922), 
the  titratable  acid  was  determined  by  the  method  of  Folin  (1916), 
and  the  ammonia  by  that  of  Folin  and  Bell  (1917).  Gastric  anal- 
yses were  made  by  the  fractional  method  of  Rehfuss,  Bergeim. 
and  Hawk  (1914).  Typical  protocols  of  three  experiments,  one 
on  a  normal  subject  and  two  on  cases  of  anacidity,  are  given  in 
Table  I.  One  of  the  cases  of  anacidity  showed  marked  differences 
in  the  amount  of  urine  secreted  in  an  hour,  while  the  volumes  of 
the  specimens  obtained  from  the  other  case  did  not  vary  much. 

In  studying  the  results,  it  seemed  best  to  consider  each  experi- 
ment separately,  and  not  combine  all  the  results  from  all  the 
experiments,  to  avoid  variations  in  the  elimination  of  acid  and 
ammonia  by  different  individuals.  Inspection  of  the  data  showed 
that  there  were  relationships  between  ammonia  excretion,  acid 
excretion,  and  the  ^•olumes  of  the  urine  specimens,  but  that  these 
relationships  were  not  definite  enough  to  be  expressed  in  any 
simple  mathematical  or  graphic  way.  The  data  were  subjected 
instead  to  statistical  analysis. 

The  effect  of  the  different  factors  upon  the  excretion  of  ammonia 
and  on  each  other  was  fu'st  studied  in  the  following  way.  Each 
factor  in  turn  was  regarded  as  an  independent  variable,  and  the 
results  obtained  on  each  experiment  were  arranged  in  order  of  the 
changes  in  that  factoi'.  For  example,  all  the  results  in  each  ex- 
periment were  arranged  in  order  of  their  volumes  from  highest  to 
lowest.  The  total  number  of  urines  obtained  in  each  complete 
experiment  was  seven=  (in  two  of  the  experiments  patients  were 
unable  to  void  at  the  end  of  2  hours)  and  arranged  in  this  way  each 
experiment  gave  21  pairs  of  determinations  in  which  any  one  fac- 
tor varied.  The  number  of  those  pairs  in  which  other  factors 
increased  or  decreased  with  the  independent  variable  was  counted, 

'  The  specimens  were  collected  in  jars  which  contained  a  small  amount 
of  toluene.  No  especial  precautions  similar  to  those  recently  described  l>y 
Marshall  were  taken,  and  the  results  of  the  determinations  of  the  hydrogen 
ion  concentrations  arc  subject  to  such  corrections  as  have  been  described 
by  him. 

2  It  was  thought  at  first  that  only  those  specimens  collected  at  2  hour 
intervals  during  the  day  should  be  studied,  but  the  specimens  collected 
during  the  night  were  found  to  be  comparable  with  the  others  and  they 
have  been  included.  The  results  did  not  influence  th<?  figures  appreciably 
except  to  increase  the  number  of  determinations  available  for  comparisons. 
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and  the  result,  expressed  in  terms  of  percentage  of  the  total  pairs 
was  recorded  in  Table  II.  In  this  table  the  effect  of  different  de- 
gi-ees  of  difference  in  the  values  of  the  independent  variable  are 
also  show^l. 

T.\BLE  I. 


Gastric. 

Urine. 

0.1  N  in 

100  cc. 

Time. 

Volume 
per  hr. 

pH 

Ammonia  N. 

0.1  N  acid. 

Time. 

In 
100  cc. 

HCI 

Total. 

Total. 

a  .7n. 

re. 

cc. 

cc. 

m(i.  per 
100  cc. 

vig. 

Res. 

0 

6 

7-9    a.m. 

78 

5.5 

20.0 

15.6 

14.3 

11.2 

0.00 

0 

11 

9-11     " 

84 

5.7 

15.7 

13.2 

7.2 

6.05 

9.15 

4 

21 

11-1    p.m. 

99 

5.9 

20.0 

19.8 

13.2 

26.1 

9.30 

19 

35 

1-3       " 

66 

5.3 

27.8 

18.4 

28.9 

19.1 

9.45 

33 

48 

3-5       " 

91 

6.1 

16.9 

15.3 

14.1 

12.3 

10.00 

37 

69 

5-7       " 

44 

5.45 

27.8 

12.1 

31.2 

13.6 

10.15 

40 

81 

7-7    a.m. 

35 

5.6 

33.9 

12.0 

15.1 

18.2 

10.45 

35 

58 

11.15 

0 

10 

■  Res. 

0 

f) 

7-9    a.m. 

39 

5.1 

29.0 

11.3 

40.0 

31.9 

9.30 

0 

10 

9-11     " 

40 

4.9 

36.5 

14.4 

59.1 

46.6 

0,45 

0 

5 

11-1    p.m. 

192 

5.2 

12.5 

47.8 

13.2 

25.3 

10.00 

0 

5 

1-3       " 

143 

5.1 

15.4 

37.7 

20.8 

25.5 

10.15 

0 

4 

3-5       " 

208 

5.25 

10.5 

21.9 

12.1 

25.0 

10.45 

0 

4 

5-7       " 

173 

5.4 

10.0 

17.3 

12.1 

41.5 

7-7    a.m. 

82 

5.2 

15.4 

12.6 

11.6 

9.50 

Res. 

0 

4 

7-9    a.m. 

18 

5.3 

51.4 

9.00 

26.8 

4.70 

9.15 

0 

9 

9-11     " 

14 

5.35 

44.7 

6.70 

31.8 

8.90 

9.30 

0 

7 

11-1    p.m. 

16 

5.2 

44.4 

7.10 

44.7 

7.15 

10.00 

0 

10 

1-3       " 

27 

5.4 

47.6 

12.9 

31.1 

16.8 

10.30 

0 

10 

3-5       " 

29 

5.45 

47.8 

13.9 

30.7 

8.90 

5-7       " 

10 

5.3 

56.1 

5.61 

37.0 

■    3.70 

7-7    a.m. 

34 

5.5 

50.4 

15.2 

IS.O 

6.17 

Reference  to  the  first  part  of  Table  II  will  make  this  method  of 
analysis  clear.  There  were  399  pairs  of  determinations  in  which 
the  volmne  varied;  in  74  per  cent  of  them  the  hourly  excretion  of 
ammonia  increased  when  the  volmne  increased,  and  in  65  per 
cent  the  concentration  of  ammonia  decreased  as  the  volume  in- 
creased.    There  were   only  281    pairs  which   showed   differences 
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in  volume  greater  than  10  cc.  per  hour,  and  in  76  per  cent  of  these 
the  ammonia  excretion  varied  directly  as  the  volimie,  while  in 
71  per  cent  of  these  the  ammonia  concentration  varied  inversely 
as  the  volume. 

TABLE  II. 


Independent  variable. 

Dependent  variable. 

Variation. 

Pairs. 

pH 

Ammonia. 

Acid. 

Kind. 

c: 
0 

1 

c 
0 

1 

3 

c 
0 

ppr 
cent 

per 
cent 

c 
a 
0 

c 
c 

0 

per 
cent 

per 
cent 

per 
cent 

Vohime. 

Ail  pairs. 

399 

57 

65 

74 

64 

54 

it 

More  than  10  cc.  per  hr. 

281 

6: 

71 

76 

68 

53 

u 

a            u        Of)    "       *'        " 

206 

61 

83 

82 

70 

56 

tt 

"     50  "     "     " 

86 

74 

86 

84 

69 

57 

Reaction. 

All  pairs. 

365 

72 

59 

78 

72 

11 

More  than  0.2  pH. 

238 

79 

65 

81 

78 

it 

"       "      0.5  " 

130 

90 

77 

81 

86 

it 

"       "       1.0  " 

70 

90 

81 

93 

90 

Acid  concentration. 

All  pairs. 

387 

74 

75 

55 

iC                          *l 

More  than  10  per  cent. 

353 

74 

79 

54 

H                              ti 

"       "      25  " 

282 

83 

79 

54 

iC                              t( 

"      50  " 

161 

85 

87 

45 

Total  acid. 

All  pairs. 

398 

66 

64 

73 

li       <i 

More  than  10  per  cent. 

353 

64 

66 

72 

li          a 

n            u         05     "              *' 

257 

72 

70 

77 

n          a 

"       "      50  "        " 

116 

76 

68 

85 

All  dependent  variables  vary  directly  with  the  independent  ones  except 
the  concentrations  of  ammonia  and  acid,  which  vary  inversely  as  the  vohime. 
Figures  for  hydrogen  ion  concentration  compared  with  volumes  show  actual 
increases  in  the  hydrogen  ion  concentration  as  the  volume  decreases. 
Ammonia  and  acid  excretion  and  concentration  increase  as  the  hydrogen 
ion  concentration  increases. 

The  first  part  of  Table  II  shows:  (1)  that  urine  ammonia, 
whether  expressed  as  concentration  or  rate  of  elimination,  varies 
with  the  volume  eliminated;  (2)  that  the  amount  of  acid  eliminated 
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does  not  vaiy  wth  the  volume;  (3)  that  the  hydrogen  ion  con- 
c-cntration  of  vu'ine  has  a  slight  tendency  to  increase  as  the  volume 
decreases,  but  that  the  differences  are  so  slight  that  it  is  not  safe 
to  draw  any  conclusions  from  the  figures.  The  second  part  of 
the  table  shows  that  variations  in  both  acid  and  ammonia  elimi- 
nation whether  expressed  as  concentrations  or  as  amounts  ex- 
creted, vary  with  the  hydrogen  ion  concentration,  but  that  there 
is  better  agreement  between  the  reaction  of  urine  and  the  con- 
centration of  ammonia  than  between  the  reaction  and  the  amounts 
of  ammonia  eliminated.  The  third  and  fourth  parts  of  the  table 
show  that  differences  in  the  ammonia  and  acid  elimination  agree 
with  each  other,  but  that  they  do  not  agree  better  than  would 
be  expected  from  the  relationship  both  show  to  the  hydrogen 

TABLE  in. 
Reactions  vary  0.2  pH  or  less. 


Variable. 

Difference. 

No. 

.\mount  of 
ammonia. 

Amount  of 
acid. 

per  cent 

per  cent 

Volume. 

All  pairs. 

153 

89 

71 

«( 

More  than  10  ec. 

93 

94 

76 

u 

.(       i<      20  " 

60 

97 

75 

Acid. 

All  pairs. 

150 

77 

a 

More  than  10  per  cent. 

124 

86 

n 

"       "      20  "      " 

78 

85 

ion  concentration  of  urine.  The  most  striking  fact  shown  by  the 
table  is  the  slight  effect  which  changes  in  volume  have  upon  the 
amount  of  acid  excreted. 

In  Table  III  are  recorded  variations  in  the  amounts  of  ammonia 
and  of  acid  eliminated  when  the  hydrogen  ion  concentration  is 
constant  within  0.2  pH  (this  represents  the  probable  limit  of  ac- 
curacy of  the  determination  on  samples  of  urine  collected  as  these 
were  (Marshall,  1922))  and  the  volume  varies.  The  table  shows 
that,  under  such  conditions  the  rate  of  ammonia  excretion  varies 
(qualitatively)  almost  directly  with  the  volume,  but  that  the  rate 
of  acid  excretion  does  not.  The  tabic  also  shows  that,  when  the 
reaction  of  the  urine  is  constant,  the  excretion  of  ammonia  varies 
more  closely  with  the  volume  than  it  does  with  the  amount  of 
acid  excreted. 
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Table  IV  shows  the  results  of  studies  upon  the  concentration 
of  acid  and  ammonia  when  the  volumes  of  the  samples  did  not 
differ  from  each  other  by  more  than  20  cc.  Both  vax}'  to  about 
an  equal  degree  with  the  reactions  of  the  specimens,  but  there  is 
no  better  agreement  between  the  ammonia  concentration  and  the 
acid  concentration  than  there  is  between  the  ammonia  con- 
centration and  the  reaction.  A  similar  table  to  the  one  given 
was  constructed  based  on  the  pairs  which  showed  agreement  within 
10  cc.  and  the  figures  were  essentially  the  same  as  those  given  in 
Table  IV.  From  the  studies  discussed  above  it  is  evident  that 
the  ammonia  excretion  varies  mth  the  volume  and  reaction, 
but  not  with  the  amount  of  acid  excreted;  this  corresponds  with 
the  experimental  results  of  Marriott  and  Rowland  (1918). 

TABLE  IV. 
Volumes  vary  20  cc.  or  less. 


Variable. 

Difference. 

No. 

Concen- 
tration of 
ammonia. 

Concen- 
tration of 
acid. 

per  cent 

per  cent 

Reaction. 

All  pairs. 

172 

65 

64 

ti 

More  than  0.2  pH. 

91 

75 

79 

it 

"       "      0.5  " 

41 

96 

90 

Acid  concentration. 

All  pairs. 

192 

67 

ii                i( 

More  than  10  per  cent. 

163 

.   70 

tt                tt 

it         it      25  "        " 

121 

77 

IC                                 (t 

"      50  " 

60 

85 

In  Table  V  conditions  under  which  ammonia  and  acid  excretion 
are  constant  are  given.  In  each  experiment  the  nimiber  of  pairs 
which  agreed  with  each  other  within  10  and  25  per  cent  were 
counted,  and  the  resists  compared  with  increasing  constancy  of 
volume  and  hydrogen  ion  concentration  of  the  specimens.  That 
changes  in  acid  excretion  and  ammonia  excretion  are  not  directly 
related  to  each  other  is  shown  in  this  table,  for,  while  the  con-stancy 
of  ammonia  increases  as  the  constancy  of  volume  increases,  that 
of  acid  does  not;  and  while  the  constancy  of  both  acid  and  am- 
monia concentrations  increase  as  differences  in  reaction  become 
less,  the  increases  are  distinctly  more  marked  in  the  case  of  the 
ammonia  concentrations. 
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The  data  presented  in  Table  V  furnish  an  opportunity  for  com- 
]iaring  the  relationship  of  volume  and  reaction  to  concentration 
and  rate  of  ammonia  excretion,  respectively.  The  table  shows 
that  the  constancy  of  both  increases  as  differences  in  volume 
decrease,  and  that  constancy  of  concentration  increases  more 
as  the  volume  diminishes  than  does  the  constancy  of  the  amount 
of  ammonia  eliminated.  Decreasing  differences  in  the  hydrogen 
ion  concentration  of  urine  is  accompanied  by  little  if  any  change 
in  the  constancy  of  the  amount  of  ammonia  eliminated,  but  by  a 
great  increase  in  the  constancy  of  the  concentration  at  which  it  is 
eliminated. 

TABLE  v. 


Total  pairs. 

Aramonin. 

Acid. 

Mg.  per  100 
cc.  within 

Mg.  per  hr. 
within 

Mg.  per  100 
cc.  within 

Mg.  per  hr. 
within 

Description. 

No. 

10  per 
cent 

25  per 
cent 

10  per 
cent 

25  per 
cent 

10  per 
cent 

25  per 

cent 

10  per 
cent 

25  per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

All  pairs. 

406 

26 

43 

14 

40 

13 

32 

ig* 

37 

Within  0.5  pH. 

273 

31 

57 

13 

46 

14 

37 

13 

46 

"       0.2    " 

153 

35 

69 

12 

48 

20 

48 

20 

45 

.Vll  pairs. 

406 

26 

43 

14 

40 

13 

32 

15 

37 

Within  20  cc. 

187 

35 

61 

17 

48 

16 

38 

18 

43 

"       10  " 

127 

36 

70 

20 

58 

13 

42 

20 

41 

In  Table  VI  the  constancy  of  ammonia  concentration  and  ex- 
cretion when  volume  and  reaction  do  not  vary  is  studied  further. 
In  the  first  part  of  the  table  all  pairs  which  showed  variations  of 
volume  less  than  10  cc.  are  subdivided  into  those  the  hydrogen 
ion  concentration  of  which  varies  by  0.2  pH  or  less,  by  0.5  pH 
or  less,  and  by  1.0  pH  or  less.  In  the  second  part  all  pairs  which 
showed  variations  of  hydrogen  ion  concentration  of  0.2  pH  or 
less  are  divided  in  a  similar  way  according  to  the  constancies  of 
tlieir  volumes.  The  table  shows  the  following  relationships  be- 
tween the  independent  variables,  constancy  of  volume  and  reac- 
tion, and  the  dependent  variables,  constancy  of  anmionia  con- 
centration and  excretion;  there  is  gi-eater  constancy  of  ammonia 
concentration  than  of  anmionia  excretion  throughout  both  parts 
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of  the  table,  even  when  both  the  reaction  and  the  voUune  arc  con- 
stant- constancy  of  volume  wthout  constancy  of  reaction  is 
accompanied  by  greater  constancy  in  the  amount  of  ammonia 
excreted  than  is  the  opposite  condition;  constancy  of  ammonia 
concentration  varies  more  nearly  ^nth  the  reaction  than  with  the 
volume,  for  if  the  hydrogen  ion  concentration  is  constant,  only 
rather  marked  changes  in  volume  variation  are  accompamed  by 
significant  changes  in  the  constancy  of  ammonia  concentration. 
(See  figures  for  volumes  wthin  10  and  20  cc.  in  the  table  showing 
pairs  Imving  hydrogen  ion  concentrations  within  0.2  pH.) 

TABLE  VI 
All  Cases. 


Description  of  p.iirs. 


Ammonia. 


Variable. 


Volume  within  10  cc. 
"       10  " 
"  "       10  " 

"  "       10  " 

Within  0.2  pH. 
"      0.2    " 
"      0.2    " 
"       0.2    " 
"       0.2    " 


Difference. 


All  pairs. 
pHinl.O. 

"      "  0..5. 

"      "  0.2. 

All  pairs. 
Volvime  in  100  cc. 
"     50   " 
u         u    20   " 
"     10   " 


No. 


127 

115 

100 

65 

153 
142 

127 
85 
65 


Mg.  per  100 
cc.  v.ithin 


10  per   25  per 
cent      cent 


per 
cent 

36 

39 
44 
41 

35 
38 
41 
46 
41 


per 
cent 

70 
73 

80 


69 
73 
SO 

88 
89 


Mg.  per  lir. 
w-ithin 


10  per   25  per 
cent      cent 


per 
cent 

20 
21 
22 
22 

12 
13 
13 
18 
22 


per 
cent 

58 
61 
65 
78 

48 
49 
55 
69 

78 


The  values  of  the  hydrogen  ion  concentration  and  of  other 
factors  may  change  during  the  periods  which  correspond  to  the 
collection  of  samples  of  urine.  Cases  of  gastric  anacidity  show  a 
high  degree  of  constancy  in  the  reaction  of  different  samples  of 
urine,  and  probably  do  not  show  such  great  changes  during  the 
periods  of  collection  as  do  other  types  of  cases.  Material  from 
cases  showing  gastric  anacidity  should  show  a  closer  correspond- 
ence between  reaction  and  any  constituent  which  varies  N«th 
reaction  than  does  material  from  unassorted  cases,  and  tables 
paralleling  those  given  have  been  prepared  from  the  data  obtained 
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from  the  six  cases  of  anacidity  studied.  Table  VII  was  prepared 
in  tlie  same  way  as  was  Table  YI.  but  contains  determinations  on 
these  six  cases  only.  This  table  shows  the  same  relationships 
which  were  shown  by  the  preceding  table,  but  shows  them  present 
in  a  more  marked  degree.  Ammonia  concentration  shows  great 
constancy  when  the  hydrogen  ion  concentration  is  constant,  and 
only  large  differences  in  volume  (more  than  50  cc.  per  hour) 
markedly  reduce  this  constancy.  Ammonia  concentration  also 
increases  in  constancy  as  the  volume  differences  become  smaller, 
even  when  the  reaction  remains  constant;  this  change  is  not  as 

TABLE  VII. 

Cases  of  Anacidili/. 


Descript 

on  of  pairs. 

Ammonia. 

Variable. 

Description. 

No. 

Mg.  per  100 
cc.  within 

Mg.  per  hr. 
within 

10  per 
cent 

25  per 
cent 

10  per 
cent 

25  per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

Volume  within  10  cc. 

All  pairs. 

56 

48 

86 

23 

68 

"     10  " 

pH  in  0.5. 

52 

58 

92 

25 

69 

"     10  " 

"      "  0.2. 

38 

61 

97 

22 

82 

Within  0.2  pH. 

All  pairs. 

78 

41 

81 

10 

50 

"      0.2  " 

Volume  in  100  cc. 

71 

45 

87 

13 

55 

"      0.2  " 

'•     .50  " 

62 

52 

97 

15 

61 

"       0.2  " 

"     20  " 

50 

52 

98 

18 

70 

"       0.2  " 

"     10  " 

38 

61 

97 

22 

82 

marked  as  the  other,  however,  and,  as  a  matter  of  fact,  no  pairs 
agreed  within  25  per  cent  when  the  difference  in  hydrogen  ion 
concentration  was  more  than  0.5  pH,  and  none  agreed  which 
showed  a  difference  of  more  than  0.3  pH,  except  when  the  volumes 
of  the  specimens  varied  10  cc.  or  less.  A  comparison  of  the  figures 
for  ammonia  concentration  with  those  for  the  amount  of  ammonia 
excreted,  shows  clearly  that  the  constancy  of  ammonia  excreted 
does  not  primarily  vary  with  the  reaction,  for  there  is  good  agree- 
ment with  the  hydrogen  ion  concentration  only  when  the  volumes 
of  urine  are  also  equal,  and  even  then  there  is  not  as  good  agree- 
ment of  the  values  as  there  is  of  the  values  of  the  ammonia  con- 
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centration.     The  equality  under  these  conditions— like  concen- 
trations and  like  voliunes— is  inevitable. 

The    relationship   between   hydrogen   ion    concentration    and 
volume  on  the  one  hand,  and  ammonia  excretion  on  the  other,  is 
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Chart  1.  Equal  amounts  of  ammonia  excreted. 

shown  in  the  charts.  In  Chart  1  the  volume  differences  and  hy- 
drogen ion  differences  of  each  pair  of  f -™-f  ^^  f^^j,^^^ 
the  cases  studied,  not  from  the  cases  of  anacidity  a  one)  wh.  h 
showed  an  agi-eement  of  the  amotmt  of  ammonia  excreted  withm 
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10  per  cent  is  shown;  Chart  2  gives  the  corresponding  values 
for  pairs  which  showed  the  same  constancy  of  ammonia  concen- 
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Chart  2.  Equal  concentrations  of  ammonia. 

tration.     Chart  2  shows  clearly  that  there  is  a  definite  relation- 
ship between  the  volimieand  hydrogen  ion  concentration  on  the  one 
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hand,  and  the  constancy  of  the  concentration  of  ammonia  on  the 
other,  while  Chart  1  shows  that  there  is  no  such  relationship  of  con- 
stancy of  ammonia  excreted  except  when  both  volume  and  reaction 

are  constant. 

Study  of  the  tables  and  charts  shows:  (1)  that  ammonia  ex- 
cretion" varied  with  the  acidity  of  the  urine;  (2)  that  ammonia 
excretion  varied  with  the  volume  of  the  urine  excreted;  (3)  that 
the  excretion  of  ammonia  varied  with  the  reaction  of  the  urine, 
and  that  the  amount  of  acid  excreted  did  not  directly  affect  its 
excretion;  (4)  that  the  agreement  between  changes  of  reaction  and 
ammonia' excretion  was  primarily  between  hydrogen  ion  concen- 
tration and  the  concentration  of  ammonia,  not  between  hydrogen 
ion  concentration  and  the  amount  of  ammonia  excreted;  and  (5) 
that  large  differences  in  volume  led  to  a  diminished  agreement 
between  the  reaction  and  the  concentration  of  the  ammonia,  while 
very  small  differences  in  volume  sometimes  were  accompanied  by 
concentrations  which  agreed  more  than  the  differences  in  the  reac- 
tion would  have  indicated. 

Do  the  results  presented  accord  better  with  the  theory  recently 
discussed  bv  Nash  and  Benedict  (1921)  that  the  kidney  itself 
makes  the  ammonia  which  it  excretes,  or  with  the  thi?ory  that  it 
i^  produced  elsewhere  in  the  body?     Explanations  of  the  findings 
could  probablv  be  made  based  upon  either  theory,  but  the  fact 
that  it  is  the  ammonia  concentration,  rather  than  the  amount  ot 
ammonia  excreted  which  varies  with  the  reaction  of  the  urine, 
appears  to  favor  the  theory  that  it  is  the  kidney  which  is  the  source 
of  ammonia.     If  the  ammonia  were  produced  elsewhere  under 
the  same  stimulus  which  produces  variations  m  the  reaction  ot 
urine  a  correspondence  between  that  stimulus  and  the  amount  ot 
ammonia  produced  would  be  expected,   and  a  correspondence 
(modified  to  some  extent  by  changes  in  the  houriy  rate  of  urine 
excretion)  between  the  hydrogen  ion  concentration  and  the  amount 
of  ammonia  excreted  would  result.     Instead,  there  is  agreement 
primarily  between  this  stimulus  (measured  by  the  reaction  of    he 
urine)  and  the  concentration  of  ammonia,  modified  only  when  the 
differences  in  volume  arc  veiy  large  or  very  small.     Smce  am- 
monia is  much  more  concentrated  in  the  urine  than  it  is  m  the 
blood    and  so  cannot  be  classed  ^vith  those  diffusible  compounds 
which  show  close  agreement  between  the  concentrations  in  blood 
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and  urine  (Widmark,  1920)  this  agreement  between  hj'drogen 
ion  concentration  and  ammonia  concentration  seems  to  correspond 
with  what  would  be  expected  if  the  kidney  produced  ammonia 
rather  than  with  theories  that  it  is  produced  elsewhere  in  the  or- 
ganism. No  matter  which  theory  of  ammonia  formation  is 
accepted,  the  facts  presented  in  this  paper  tend  to  show  that  if 
the  vohmie  of  the  urine  can  be  increased  in  some  way  which  does 
not  lead  to  changes  in  the  hydrogen  ion  concentration  of  the  uiine, 
or  rather  of  the  factors  which  control  the  hydrogen  ion  concentra- 
tion of  the  urine  (ingestion  of  water  may  do  so  by  inducing  a 
secretion  of  gastric  juice  (Bergeim,  Reljfuss,  and  Hawk,  1914)) 
the  amount  of  ammonia  eliminated  will  be  increased. 
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STUDIES  OF  GAS  AND  ELECTROLYTE  EQUILIBRIA  IN 
THE  BLOOD. 

III.  THE  ALKALI-BINDING  AND  BUFFER  VALUES   OF   OXYHEMO- 
GLOBIN AND  REDUCED  HEMOGLOBIN. 

By   DONALD   D.   \"AN   SLYKE,   A.   BAIRD  HASTINGS,   MICHAEL 
HEIDELBERGER,  and  JAMES  M.  NEILL. 

{From  the  Hospital  nj  The  Rockefeller  Instilxile  for  Medical  Research.) 
(Received  for  publication,  July  22,  1922.) 

The  general  problem  of  which  the  present  paper  attempts  to 
solve  a  portion  has  been  outlined  in  the  first  of  these  studies 
(1).  The  objects  of  the  present  work  have  been  to  determine 
quantitative!}',  on  solutions  of  hemoglobin  free  from  other  pi'o- 
teins,  the  following  data. 

1.  The  amoimts  of  base  bound  by  oxyhemoglobin  and  reduced 
hemoglobin,  respectively,  at  normal  blood  pH. 

2.  The  changes  in  the  base  bound  by  oxyhemoglobin  antl  re- 
duced hemoglobin  with  changing  pH  (the  buffer  value,  ■  in 

dpH, 

the  sense  outlined  by  Van  Slyke  (2)). 

.3.  The  nature  of  the  curve  relating  oxygen  increase  to  the  in- 
crease in  base  bound  at  constant  pH  that  occurs  as  reduced  hemo- 
globin adds  varying  amounts  of  oxygen. 

The  unsatisfactory  state  of  the  present  knowledge  of  the  base- 
binding  and  buffer  values  of  hi^moglobin  may  be  seen  by  referring 
to  previous  theoretical  papers  (2,  3)  in  which  data  for  only  the 
roughest  approximate  estimations  were  found  available. 

The  increase  in  blood  of  the  C02-replacing  power  (which  is 
equivalent  to  increase  in  base-binding  power)  of  hemoglobin 
when  changed  from  the  reduced  to  the  oxygenated  form  was 
discovered  by  Christiansen,  Douglas,  and  Haldane  (4)  and  its 
phj'siological  significance  in  the  C02-carrying  power  of  the  blood 
was  clearly  pointed  out.  These  authors  published  a  single  pair 
of  curves,  one  of  oxygenated,  the  otlicM-  of  reduced  blood,  obtained 
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by  saturating  samples  of  blood  drawn  at  different  times  from  the 
same  individual.  The  blood  was  analyzed  Ijy  methods  which,  as 
pointed  out  in  our  first  paper  (1),  Uke  those  used  by  ourselves 
until  the  requirements  of  the  present  work  forced  the  develop- 
ment of  refinements,  were  adequate  only  to  give  approximate 
knowledge  of  the  magnitude  of  the  changes  involving  as  a  maxunum 
6  or  7  volumes  per  cent  of  CO2.  Up  to  the  present  the  single  pan- 
of  curves,  published  by  Christiansen,  Douglas,  and  Haldane 
and  a  similar  pair  published  by  Joffe  and  Poulton  (5)  have  remamed 
almost  the  entire  experimental  basis  of  knowledge  concernmg  the 
mutual  effects  of  oxygen  and  carbon  dioxide  tensions  in  the.blood. 

Concerning  the  nature  of  the  intermediate  relationships  {i.e. 
whether  the  first  portion  of  oxygen  taken  up  by  reduced  hemo- 
globin has  more  or  less  effect  on  its  base-binding  power  than  the 
last  portion),  Christiansen,  Douglas,  and  Haldane  have  tacitly 
assumed,  in  their  calculations  explaining  the  physiological  signifi- 
cance of  the  phenomenon,  that  the  change  is  a  linear  one,  the  fii-st 
portion  of  oxygen  taken  up  having  the  same  relative  effect  m 
CO2  replacement  as  the  last.  The  same  assumption  has  been 
made  by  L.  J.  Henderson  (6),  Van  Slyke  (3),  and  Peters,_  Barr, 
and  Rule  (7),  although  admittedly  without  experimental  basis. 

The  assumption  is  in  fact  an  essential  part  of  Henderson's 
theory  explaining  the  O^-COo  effect  on  hemoglobin  by  assuming 
that  the  oxygenated  form  is  an  acid,  HHbO.,  with  a  gi-eater  dis- 
sociation constant  than  the  reduced  form,  HHb.  If  this  is  the  case 
the  proportion  of  alkali  bound  by  each  form  is,  -"^t  a  given  pH, 

fixed  in   accordance  with  the  equation  H+  =  K'o  [^HbO^] 

H+  -  K'„  '^^!  Ko  .-^nrl  Kr  representing  the  dissociation  con- 
"    "  -^  ^  [BHb]'      0  li      I 

stants  of  the  carboxyl  groups  of  oxygenated  and  reduced  hemo- 
globin affected  by  the  change  in  oxygenation,  lender  these 
conditions,  at  a  given  pH,  the  alkali  bound  by  hemoglobin  would 
change  in  exact  proportion  to  the'  oxygen  taken  up,  the  ratio 

at  a  given  pH  being  constant. 

''^  The  data  in  the  present  paper  confirm  the  above  assumptions  as 
to  the  straight  line  form  of  the  curve  relating  changes  in  oxj'gen  to 
changes  in  Imse  bound  liy  hemoglobin. 
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We  have  found  that  satisfactory  settlement  of  tlic  ([iicstions 
outlined  in  the  introduction,  but  especially  of  the  third,  demanded 
techni(iuo  of  a  diff(>r(>nt  order  of  accuracy  from  that  availal)le  when 
the  problem  was  at  first  attempted.  Finally  with  the  develop- 
ment of  Heidelbergcr's  method  (8)  for  preparing  readily  and  in 
large  amounts  crystalline  hemoglobin  practically  electrolyte- 
free,  with  the  attainment  of  an  accuracy  of  about  1  part  in  500 
in  blood  gas  analyses  by  means  of  the  "constant  volume"  ap- 
paratus (9).  and  with  the  evolution  of  the  general  technique  for 
saturation  and  handhng  of  blood  and  hemoglobin  solutions  out- 
lined in  the  first  paper,  especially  the  use  of  the  double-chambered 
tonometer  described  there  under  the  "first  saturation  method," 
our  technique  became  refined  in  the  necessary  points  to  such  a 
degree  that  reproducible  quantitative  results  could  be  obtained. 
It  will  be  seen  that  the  added  errors  of  manipulation  and  of  the 
three  analyses  involved,  viz.,  blood  O2,  blood  CO2,  and  CO2  ten- 
sion in  the  final  gas  mixtures,  cause  deviations  on  the  average 
of  not  over  0.1  niM.  of  BHCOa  (0.2  volume  per  cent  of  CO2), 
fiom  the  mean  linear  curve,  although  each  experiment  shows 
one  or  two  points  with  somewhat  wider  deviation. 

EXPERIMEXT.\L. 

The  hemoglobin  crystals  were  prepared  by  Heidelbergcr's 
(8)  method,  and  used  as  soon  as  possible  after  they  had  been  twice 
recrystallized.  They  were  dissolved  in  water  to  which  NaOH  was 
added  to  make  the  Na  concentration  indicated  in  the  tables,  0.04  n 
in  Experiment  1,  0.03  n  in  Experiments  2,  3,  and  4.  It  will  be 
seen  from  the  table  headings  that  the  preparations  all  fell  some-' 
what  short  of  100  per  cent  of  their  theoretical  oxj'-gen  capacity. 
This  is  not  due  to  admixture  of  other  substances,  but  to  the 
extreme  readiness  of  hemoglobin  to  tautomerize  in  some  manner 
and  lose  some  of  its  ability  to  bind  labile  oxj'gen.  If  dried, 
even  at  high  vacumn  and  in  the  cold,  hemoglobin  is  almost  com- 
pletely inactivated,  although  in  solubility  and  color  it  still  re- 
sembles oxyhemoglobin.  Slow  loss  of  activity  occurs  even  while 
standing  in  solution.  The  niuxinunn  loss  in  our  preparations; 
was  one-fifth  of  the  theoretical  o.\3^gen  capacity.  There  is  no 
reason  to  expect  such  inactivation  of  part  of  the  hemoglobin  to 
affect  the  alteration  of  the  rest  in  base-binding  power  when  oxy- 
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ovn  is  a,l.led  or  lost.  The  presence  of  inactive  hemoglobin  in 
our  preparations,  however,  increases  in  a  way  discussed  later, 
the  limit  of  error  that  must  be  allowed  in  estnnatmg  the  absolute 
amounts  of  base  bound  per  mol  of  oxyhemoglobm  and  reduced 

^"rhf  hemoglobm  was  dissolved  to  make  about  the  same  con- 
centration found  in  horse  blood,  about  7  mM.  (equivalent    o  15 
to  16  volumes  per  cent  of  oxygen  capacity)    and  the  amount  o 
alkali  added  was  such  that  the  system  at  physiologically  normal 
CO,  tensions  had  pH  values  within  physiological  limits 

The  saturations  were  performed  at  38°  with  the  double  tonom- 
etet  elsewhere   described    (1).     Usually  20  or  30  cc.  of  solution 
were  saturated  with  300  cc.  of  gas.     The  lower  chamlw    f  th 
tonometer  was  filled  with  solution  and  clamped  f  ^^'l^l 
upper.     When    low    oxygen    tensions    were    cksired    the    uppei 
chamber  was  evacuated  with  a  water  pump  and  --^ed  ou   thiee 
times  with  hvdrogen  before  the  final  gas  mixture  was  let  m. 
X   20  minutes  saturation  the  gas  mixture   was   renewed,  m 
a^de    to  make  certain  that  the  final  conditions  should   approxi- 
mat     as  closely    as  possible   those   desired      After  preliminary 
experiments  the  behavior  of  the  hemoglobin  was  known  weh 
enough  to  permit  rather  close  prediction  of  the  pH,  [BHCOa], 
and  (HbO.1  values  that  would  be  obtained.  .      ,,    ,• 

One  of  our  main  purposes  was  to  ascertain  the  change  in  alkali 
bound  when  the  oxvgen  saturation  of  the  hemoglobin  was  varied, 
th    pH  being  kept  constant.     It  was  impracticable  so  closely  to 
control  conditions  that  a  series  of  solutions  with  vaiying  oxygen 
and  CO.  tensions  should  all  be  brought  to  exactly    he  same  pH 
although   it   could   be   approximated.     Having   determined    th 
base  bound  by  the  hemoglobin  at  the  pH  obtained,  say  7  27 
Ltead  of  a  desired  7.30,  the  base  bound  at  7.30  .;as  climated 
^extrapolation.     This  was  perf.,rmed  by  determining  the  slope 
c^the  b'pH  Une  (B  representing  the  total  base  bound  by  hemo- 
Ibin),  by  means  of  several  points  on  completely  ox-ygenaed 
Solutions  with  var^-ing  CO.  tensions.     The  slope,  as  shown  in 
follo^^ing  paper,  increases  with  increasing  oxygenation,  but  the 
S  n^S  small 'enough  to  permit  neglecting  it  for  sho'.  chs^^-nce 
extrapolations.     Consequently,   lines   were    drawn   through    the 
aSd  and  intermediate  points  parallel  to  the  hne  on  which 
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the  oxygenated  points  lay,  and  the  intersections  of  these  lines 
with  the  desired  pH  line  were  used  to  estimate  the  base  bound 
at  that  pH  by  hemoglobin  oxygenated  to  the  extent  ascertained. 
Examples  of  this  mode  of  extrapolation  are  seen  in  Figs.  2a,  3a, 
and  4a. 

From  the  base  bound  by  hemoglobin  thus  ascertained  at  a 
given  pH  with  varying  degrees  of  oxygen  saturation  a  curve  was 
drawn  showing  the  relation  of  oxygen  content  to  the  base  bound 
at  the  given  pH  (Figs.  2b,  3b,  4b). 

The  CO2  tensions  were  determined  as  described  in  connection 
with  the  saturation  method  (1)  by  analysis  by  Haldane's  method 
of  the  separated  gases  in  the  upper  chamber. 

The  CO2  contents  of  the  solutions  were  determined  by  means 
of  the  "constant  volume"  apparatus  (9).  The  apparatus  used 
had  a  total  volume  of  100  cc.  The  gas  was  measured  at  5  cc. 
vohune,  which  could  be  read  with  an  error  not  exceeding  1  part 
per  1,000.  Samples  of  either  2  or  3  cc.  of  solutions  were  taken, 
and  the  changes  in  pressure  read  were  in  the  neighborhood  of 
100  to  160  mm.  with  2  cc,  and  150  to  240  mm.  with  3  cc.  samples. 
The  accuracy  with  which  duplicates  could  be  obtaki^d  may  be 
indicated  by  the  following  series,  obtained  in  the  course  of  Ex- 
periment 3  by  Neill.  Expressed  in  miUimols  of  total  CO2  the 
results  were: 

Saturation  1,  15.40  and  15.31;  Saturation  2,  20.17  and  20.12; 
Saturation  3,  22.54  and  22.47;  Saturation  4,  22.07  and  22.02; 
Saturation  5,  19.12  and  19.10;  Saturation  6,  19.10  and  19.08; 
Saturation  7,  18.S0  and  18.70;  Saturation  8,  18.93,  18.73,  and 
18.76;  Saturation  9,  21.50  and  21.45;  and  Saturation  10,  21.07 
and  21.11.  In  the  above  series  2  cc.  samples  were  used.  When 
duplicates  failed  to  agree  within  0.1  mai.  as  in  Saturation  8, 
a  third  sample  was  analyzed.  Excluding  the  one  obviously 
faulty  first  anal3^sis  of  No.  8,  the  average  difference  between 
duplicates  was  0.05  ium.  Later  when  3  cc.  samples  were  used, 
the  average  error  fell  to  0.03  mM.  which  is  about  1  part  in  500  of 
the  values  determined. 

For  the  oxj'gen  determination  in  the  solutions  an  apparatus 
with  a  total  volume  of  50  cc.  was  used.  The  pressures  were 
measiu-ed  with  the  gas  volume  at  2.0  cc.  for  oxygenated  blood,  and 
at  0.5  cc.  for  blood  near  complete  reduction.     The  oxygen  was  de- 
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termined  from  the  (change  in  pressure  before  and  after  absorption  - 
with  pyrosallol.     The  maximum  deviation  of  duphcat(>s  accepted 
was  0.1  mM.,  but  analyses  were  usually  repeated  if  0.05  mM.  was 

PXCG  C  cl  0  cl 

The  maxinmrn  diiference  accepted  in  the  duphcate  Haldane 
analyses  of  the  gas  phase  was  0.04  per  cent. 

If  the  difference  between  duphcates  exceeded  the  values  in- 
dicated as  acceptable,  and  other  analyses  could  not  be  done,  the 
results  of  both  duphcates  are  given  m  the  table. 

In  calculating  pH,  if  an  error  of  1  part  per  100  occurred  in  the 
Haldane  determination  of  the  CO.  tension  in  the  gas  and  of  1 
part  per  200  in  the  CO2  determination  in  the  solution,  and  both 
errors  were  in  the  opposite  direction,  their  combined  effect  on 
the  pH  would  be  a  change  of  0.007,  which  may  be  taken  as  the 
maximum  error  assignable  to  the  estimations  of  pH  changes. 
Our  curves  indicate  that  the  actual  error  was  usuaUy  less. 

The  sets  of  analyses  in  each  table  are  numbered  in  the  order 
in  which  the  solutions  were  saturated. 

Sijmbols    Used. 

The  following,  for  the  most  part  already  famihar,  sjmibols 
are  used.  [BHCO3],  [H.CO,],  [CO,]  for  concentration  0/  NaHCOs, 
H2CO3,  and  total  CO2,  respectively,  in  the  solutions;  [O,]  for  the 
total  oxvgen  concentration;  [HbO.]  for  the  concentration  of 
oxygen  combined  with  hemoglobin;  [Hb]  for  the  concentration 
of  reduced  hemoglobin;  C  for  the  concentration  of  total  hemo- 
globin in  all  forms;  [BHbO.]  and  [BHb]  for  concentrations  of 
univalent  base  bound  by  oxyhemoglobin  and  reduced  hemoglobin 
respectively;  B  for  the  total  base  bound  in  both  forms  All 
these  concentrations  are  expressed  in  millimolar  (mM.)  terms, 
the  molecular  concentrations  of  C,  HbO„  and  Hb  being  taken 
equal  to  that  of  the  maximum  oxygen  with  which  the  hemoglobin 
is  combined  or  could  combine. 

The  carbon  dioxide  and  oxygen  tensions  in  mm.  of  mercury 

are  expressed  as  Pq,  and  p^o,- 

The  molecular  buffer  values  of   oxyhemoglobin  and  reduced 
hemoglobin  are  indicated  as  p^  and  P^,  respectively. 
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Tho  vahir  calculated  for  the  molecular  buffer  effect  is  inde- 
pi'iitlcnt  of  the  concentration  unit  used,  as  long  as  the  same  unit 

.       dB        ,      , . 

is  used  for  both  B  and  C  in  the  ratio  777-77.     In  this  paper  we 

CdpH 

have  for  convenience  expressed  concentrations  in  millimolecular 

instead  of  molecular  units,  but  the  /Sq  values  are  the  same  as 

when  M  is  the  unit  of  concentration.     This  is  not,  of  course,  true 

of  the  ratio,  which  when  expressed  in  millimolar  term.?,  as 

dpH 

in  tliis  paper,  is  1,000  times  as  great  as  when  expressed  as  molar 

units.     A  blood   value  of   20  in  this  paper  therefore   corre- 

dpH 

spends  to  one  of  0.020  in  Van  Slyke's  paper  on  buffers  (2). 

Calculations. 

The  calculation  of  [BHCO3]  from  the  total  [CO2]  and  the  p^^^ 
was  according  to  Formula  2,  of  Table  IV,  of  om-  first  paper  (1). 
The  calculation  of  pH  from  CO2  and  p^Q^  was  made  according 
to  Formula  3  of  the  same  table.  The  total  base  bound  by  hemo- 
globin, [BHbOo]  +  [BHb],  was  obtained  by  subtracting  the 
[BHCO3]  from  the  total  base  added.  For  example,  in  Table 
III,  the  total  base  added  was  30.00  mM.  The  [BHCO3]  in 
Solution  1  was  14.49.  Hence  the  remainder  of  base,  bound 
by  the  hemoglobin  (since  no  other  acids  were  present),  was 
30.00  -  14.49  =  1.5.51. 

Constants. 

[BHCO.] 
The  value  of  pK'  in  the  equation  pH  =  pK    +  log  . 

[XI2L  U3J 

was  determined  experimentally  on  several   hemoglobin  solutions 

by  determining  in  reduced  solutions  the  [H2CO3]  and   [BHCO3] 

as  above  described,  and  the  pH  electrometrically.     The  results 

given  in  Table  V,  indicate,  as  the  average  value,  pK'  =  6. IS. 

The  solubiUty  coefficient  for  CO2,  a^o,  =  0.531  (given  in  Table 

V,  first  paper  (1)),  was  estimated  as  follows:  Blood,  plasma,  and 

hemoglobin   were    acidified   to   pH   4.3   with   HCl   and   the   CO2 

content  was  determined  after  saturating  with  pure  CO2  at  atmos- 
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phciic  tension.  The  determinations  were  made  on  5  cc.  samples 
which  were  transferred  to  the  constant  volume  apparatus  without 
exposure  to  air.  The  error  was  about  1  part  m  500  and  we 
obtained  theoretical  results  for  ^co.  ^^  P^"'^  ^^'^^^^^  ^°'  ''^°°'' 
and  plasma  we  found  at  38°  a^^^  values  0.501  and  0  531, 
respectively.     Each  was  0.10  below  Bohr's  (10)  estimate  made  on 

TABLE  I. 
.  Crystalline  Horse  Hemoglobin  No.  5. 

Total  hemoglobin  content  of  solution 7.97    mM.  Colorimetric. 

Oxygen  capacity  of  solution 6.89 

Oxygen  capacity 0.854 

Total   hemoglobin   content  ■    tt  r.    ,  q  x'  in-s  mhos 

Conductivity  of  saturated  HbO=  solution  mH.0..4.3  X  10  'mhos. 

Concentration  of  NaHCOs  added  to  solution .^ 40  mM. 

Equilibration  Data. 


No. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


PC02 


Total  ICOj]. 


23.3 
26.3 
31.0 
42.4 
41.6 
46.4 
54.1 
55.9 
61.1 
101.0 


20.75 
21.40 
22.58 
24.87 
24.80 
25.66 
26.95 
27.31 
28.00 
32.17 


[BHCOsl 


[BHbO/1 


20.02 
20.58 
21.61 
23.55 
23.50 
24.21 
25.27 
25.57 
26.10 
29.03 


19.98 
19,42 
18.39 
16.45 
16.50 
15.79 
14.73 
14.43 
13.90 
10.97 


pH 


7.541 

7.50 

7.45 

7.35 

7.358 

7.325 

7.276 

7.268 

7.237 

7.066 


the  assumption  that  l^ydrogen  and  CO.  have  the  same  relative 
solubiUties  in  blood  as  in  water.  We  have  reason  to  beheve  that 
Bohr's  estimate  was  close,  and  that  our  method,  perhaps  because 
of  hydration  of  the  acidified  proteins,  gives  slightly  too  low  re- 
sults. With  7  mM.  hemoglobin  plus  NaOH  to  0.03  n  concentra- 
tion we  found  by  our  method  an  a,,^_  of  0.521.  Adding  the 
0.10  correction,  apparently  inherent  in  our  method,  gives  0.531. 


Van  Slyke,  Hastings,  Heidelberger,  Neill     489 


EXPLANATION    OF    FIGURES. 


In  Figs.  1,  2a,  3a,  and  4a  the  relations  between  pH  and  base 
B  bound  by  oxyhemoglobin  are  shown  in  each  case  by  the  slope 
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Fig.  1.  From  the  line  through  the  oxygenated  points  1  to  9,  t— —  is 

upH 

calculated  as  23.0,  and  0o  as  2.5S. 


of  the  line  tlii'ough  the  tlu-ee  or  more  points  representing  oxy- 
genated solutions.    The  molecular  buffer  effect  fi^  is  calculated 

as  ,  where  is  the  slope  of  the  line  through  the  oxy- 

CdpH  dpH 
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genated  points,  and  C  is  the  concentration  of  hemoglobin  in  the 

sohition. 

In  Figs.  2a,  3a,  and  4a  the  effect  of  varying  degrees  of  oxygena- 
tion on  the  base  bound  by  hemoglobin  at  constant  pH  is  shown 
by  the  levels  at  which  lines  through  points  representmg  oxygen- 
ated, reduced,  and  partially  reduced  solutions  cut  a  given  pH 

TABLE  II. 
Crystalline  Horse  Hemoglobin  No.  7. 

Total  hemoglobin  content  of  solution 6.71    mM.  Coiorimetric. 

7.13      "     Kjeldahl. 

6.92      "     Mean. 

Oxygen  capacity  of  solution 5.50 

O.xygen  capacity 0.795 

Total  hemoglobin  content 

Conductivity  of  saturated  Hb02  solution  in  H,.0..3.8  X  10  =  mhos. 

Concentration  of  NaOH  added  to  solution 30  mM. 

Equilibration  Data.  


No. 


143.1 

137.5 

131.8 

10.0 

20.0 

34.5 

28.4 
5.7 


5.25 
5.18 
1.74 
3.08 
4.12 

3.86 
1.05 


5.33 
5.07 
5.01 
1.73 
3.05 
4.08 

3.83 
1.04 


29.5 
57.3 
84.3 
43.7 
44.1 
45.0 

57.4 
43.2 


o 
o 


o 
o 


16.20 

20.721 
24. Oil 
20.48 
20.13 
19.55 
19.66 
21.55 
20.78 


X 

pa 


a 


15.28 

18.94 
21.39 
19.12 
18.75 
18.15 
18.26 
19.76 
19.43 


14.72  7.403 


10.577 


Z"o. 


12.80 

10.28 
10.95 
11.93 

11.75 
9.70 


*  No.  4  was  lost. 
line.    The  values  indicated  by  these  intersections  are  given  in 
the  last  columns  of  Tables  II,  III,  and  IV. 

In  Figs  2b,  3b,  and  4b,  the  amounts  of  base  indicated  by  the 
above  described  intersections  are  plotted  against  amoiints  of 
oxygen  combined  with  the  hemoglobin.  The  curves  m  all  tlu-ee 
cases  are  straight  lines.    The  values  of  the  molecular  merements 
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of  base  added  by  the  hemoglobin  at  the  given  pH  per  molecular 

dB 
increment  of  oxygen  arc  indicated  as  ^  ,• 
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Fig.  2  a.  From  the  line  through  the  oxygenated  points  1,  2,  and  3,  — | 

is  calculated  as  18.4,  and  ^o  as  2.60. 

Intersections  of  lines  through  the  other  points  with  the  pH  7.30  line 
indicate  effects  of  varying  degrees  of  reduction  in  lowering  the  amount  of  ' 
base  bound  by  the  hemoglobin. 

The  numbers  near  the  points  indicate  the  data  in  Table  II  from  which 
they  are  taken.  In  the  last  column  of  the  table  the  amounts  of  base  indi- 
cated by  the  intersections  on  the  pH  7.30  line  are  given. 

DISCUSSION     OF    RESCLTS. 

It  is  convenient  to  discuss  here  in  their  reverse  order  the  three 
questions  put  at  the  l>eginning  of  this  paper. 
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The  Nature  of  the  Curve  Relating  Increment  of  Oxygen  Bound  to 
Ina-ement  of  Base  Bound  by  Hemoglobin  at  Constant  pH. 


dB 

As  shown  by  Figs.  2b,  3b,,  and  4b,  the  ^"^^ 

hne.         , 

14 


curve  is  a  straight 


i.[Ht30j] 


Fig.  2  b.  Amounts  of  base  bound  by  hemoglobin  at  pH  7.30  compared 
with  amounts  of  oxygen  bound.    Data  from  Table  11  ami  Fig.  2  a. 

From  the  slope  of  the  line,  ^       ^^^  is  calculated  as  0.74. 

The  Buffer  Value  of  Oxyhemoglobin  over  the  Physiological  j)H  Range, 

and  the  Indicated  Minimum  Number  of  Monovalent  Acid 

Groups  Active  as  Buffers  at  That  Range. 

a.  Oxyhemoglobin.-By  Figs.  1,  2a,  3a,  and  4a  the  B,  pH  lines 
for  oxygenated  hemoglobin  solutions  are  sliown  to  be  straight  over 
at  least  the  range  pH  7.2  to  7.5.  The  values  of  the  molecular 
buffer  ratios  were  ^^  =  2.58,  2.66,  2.68,  and  2.63,  average  2.64. 
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It  has  been  previously  shown  (2)  that  the  maximum  molecu- 
lar buffer  value,  /3^,  of  one  monovalent  acid  group  is  0.575.  The 
minimum  number  of  acid  groups  in  a  polyvalent  acid  that  are 
acting  as  buffers  at  a  given  pH  is  therefore  indicated  by  dividing 

TABLE  III. 

Crystalline  Horse  Hemoglobin  No.  11. 


Total  hem( 

jgioDin 

conte 

It  01  SI 

7.54      " 

Kjeldahl. 

7.64      " 

Mean. 

Oxygen  capacity  of  solution 7.13 

Oxygen  ca 

pacity 
Dglobin  conte 

0. 

933 

Total  hem 

nt 

Conductivity  of  saturated  HbOo  solution  in  H2O..3.8  X  10  '  mhos. 

►  ;„„   „f  TCoOTT   nAAnA   tr.  snliit.inn              .  _  . 

30  niM. 

Equilibration  Data. 

s 

X 
S3 

6 

a  . 
fas 

No. 

0 

8 

0 

+ 

±x 

0 
0. 

0 

2 

0 

£ 

'a 
0 

-a 

e 

X 
a 

mm. 

mM. 

mil. 

mm. 

mM. 

TTlM. 

mM. 

mM. 

1 

144.2 

7.13 

6.94 

28.0 

15.36 

14.49 

15.51 

7.401 

2 

138.7 

7.18 

7.00 

55.0 

20.15 

18.44 

11.56 

7.212 

55.8 

18.41 

11.59 

7.205[ 

13.63 

3 

135.0 

6.96 

6.78 

72.9 
73.4 

22.51 

20.24 
20.23 

9.76 
9.77 

7.130 
7.127 

4 

3.2 

0.60 

0.60 

48.9 

22.05 

20.53 

9.47 

7.310 

9.47 

5 

14.8 

3.10 

3.08 

38.6 

19.11 

17.19 

12.09 

7.354 

11.15 

6 

4.51 

4.48 

22.6 

4.74 

4.71 

42.9 

19.09 

17.75 

12.25 

7.304 

12.35 

7 

20.1 

3.99 

3.96 

39.6 

18.75 

17.52 

12.48 

7.333 

12.00 

8 

23.9 

4.77 

4.74 

41.5 

18.75 

17.46 

12.54 

7.311 

12.50 

9 

4.2 

0.84 

0.83 

45.9 

21.48 

20.05 

9.95 

7.327 

9.57 

10 

8.8 

1.54 

1.53 

45.9 

21.09 

19.66 

10.34 

7.319 

10.12 

the  observed  P^  value  by  0.575.     If  we  do  this  with  oxyhemo- 


globin we  obtain 


2.64 
0.575 


=  4.6.    It  is  evident  that  at  least  five 


buffer  groups  in  the  hemoglobin  molecule  are  active  over  this 
range. 
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By  '-active"  is  meant  that  they  are  partially,  but  only  partially, 
conilnned  with  alkali.  The  maximum  buffer  effect  is  exerted 
when'  a  buffer  acid  is  combined  with  half  an  equivalent  of  base 
(2).  If  there  were  five  groups,  each  exerting  maximum  buffer 
value  at  a  given  pH,  they  would  bind  altogether  2:5  molecules 


Fig.  3  a.  From  the  line  through  the  oxygenated  points  1, 


2,  and  3, 


dB 
dpH 

is  calculated  as  20.2,  and  ^o  as  2.68.  „  -r  o,  r 

Intersections  of  lines  through  the  other  points  with  the  pH  7.31  line 
indicate  effects  of  varying  degrees  of  reduction  in  lowering  the  amount  of 
base  bound  by  the  hemoglobin.  ^  ,  ,    ttt  r  u-  u 

The  numbers  near  the  points  indicate  the  data  m  Table  III  from  which 
they  are  taken.  In  the  last  cohimn  of  the  table  the  amounts  of  base  indi- 
cated bv  the  intersections  on  the  pH  7.31  line  are  given. 
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of  univalent  alkali.  As  a  matter  of  fact  it  will  be  shown  that 
at  pH  7.4  oxyhemoglobin  does  bind  2.1  equivalents  of  alkali. 
So  it  seems  fairly  probable  that  six  or  seven  acid  groups  may  be 
acting.  That  there  are  less  than  five  is  excluded.  It  is  obvious 
that  with  the  alkali  distributed  among  five  or  more  acid  groups 
in  the  hemoglobin  molecule  it  is  impossible  to  calculate  a  single 
dissociation  constant  in  the  manner  apphcable  to  a  monovalent 
acid. 
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Fig.  3  b.  Amount  of  base  bound  by  hemoglobin  at  pH  7.31  compared 
with  amounts  of  oxygen  bound.     Data  from  Table  111  and  Fig.  3  a. 

From  the  slope  of  the  line,  77^7777-;  is  calculated  as  0.69. 

h.  Buffer  Value  of  Reduced  Hemoglobin—Because  of  an  in- 
terruption which  will  prevent  resumption  of  our  experiments 
for  several  months,  we  are  pubUshing  our  other  data  before  the 

d  B 
direct  determination  of  the  value  of  P^,  from  the  slope  of  the  ^ 

line  in  reduced  solution  of  crystallized  hemoglobin,  has  been  com- 
pleted.    In  Talkie  VIII  of  the  accompanying  paper  (11),  however, 
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we  have  estimated,  from  accurately  determined  differences  between 
the  buffer  value  of  blood  in  the  oxygenated  and  reduced  conditions, 
respectively,  that  if  ^^  is  2-64  as  determined  in  this  paper,  fi^  is  2.45. 

T.\BLE  IV. 
Crystalline  Horse  Hemoglobin  No.  U. 

Total  hemoglobin  content  of  solution 7.25    mM.  Colorimetric. 

7.54      "     Kjeldahl. 

7.40      "     Mean. 

Oxygen  capacity  of  solution 6.37 

Oxygen  capacity , g.SeO 

Total  hemoglobin  content                                                            _ 
Conductivity  of  saturated  HbQ=  solution  in  H^O.  .3.9  X  10  '  mhos. 
Concentration  of  NaOH  added  to  solution 30  mM. 


Equilibration  Data. 

6 

6 

w 

W,; 

-^ 

« 

nS 

No. 

6 

o 
o 

+ 

+s 

Q 

.n 

s:  D. 

S 

c. 

S 

o 

H 

o 

0 

c 

5^ 

mm. 

WIM. 

mil. 

mm. 

mM. 

mM. 

mM. 

WIM. 

1 

137.6 

30.3 

17.66 

16.72 

13.28 

7. 428 

9 

134.6 

6.26 

6.08 

31.9 

17.95 

16.96 

13.04 

7.413[ 

13.18 

3 

143.9 

6.22 

6.03 

60.7 

22.58 

20.69 

9.31 

7.220J 

4 

34.4 

5.68 

5.63 

33.5 

18.44 

17.40 

12.60 

7.403 

12.90 

5 

10.6 

2.77 

2.76 

36.9 

20.47 

19.32 

10.68 

7.406 

10.92 

Q 

2.8 

0.60 

0.60 

37.0 

21.67 

20.52 

9.48 

7.431 

9.21 

21.78   20.63 

9.37 

7.433 

7 

22.1 

4.87 

4.85 

33.2 

18.70   17.67 
18.87    17.84 

12.33 
12.16 

7.433 
7.437 

11.95 

The  Base  Bound  by  Oxyhemoglobin  and  Reduced  Hetnoglobin  at 

pH  7.4. 

Oxyhemoglobin.— li  we  take  the  intersections  with  the  pH 
7.4  line,  of  the  lines  indicating  base  bound  as  BHbOo  and  pass- 
ing through  the  completely  oxygenated  points  on  Figs.  1,  2a, 
3a  and  4a  we  find  that  the  amounts  of  alkali  bound  have  the 
values  indicated  in  Table  VI,  the  average  being  2.09  atoms  of 
Na  bound  by  1  molecule  of  oxyhemoglobin. 
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To  the  data  taken  from  previous  tables  wc  have  added  those 
from  two  experiments  with  Preparations  G  and  10,  which  have 
not  been  reported  in  detaU,  because  determinations  of  points 
of  partial  oxygenation  were  lacking.     The  percentages  of  hemo- 


dB 
Fig.  4  a.  From  the  line  through  the  oxygenated  points  1,  2,  and  3,  ^^^ 

is  calculated  as  19.3,  and  0o  as  2.63.  xr  -  ..-,  r 

Intersections  of  lines  through  the  other  points  with  the  pH  ..4-  line 
indicate  effects  of  varying  degrees  of  reduction  in  lowering  the  amount  of 

base  bound  by  the  hemoglobin.  .     r^  ,  ,    rtr  c  \,;„h 

The  numbers  near  the  points  indicate  the  data  in  Table  IV  from  which 
they  are  taken.  In  the  last  coUunn  of  the  table  the  amounts  of  base 
indicated  by  the  intersections  on  the  pH  7.42  line  are  given. 

globin  capable  of  binding  oxygen  in  these  preparations  were  97  and 

92,  respectively.  , ,    ,    i 

It  is  probable  that  in  Experiment  4  less  alkali  was  added  than 
was  estimated.     This  error  would  not  affect  the  determmation 

of  pH  or  /3o  or  of  the  -p5_^  u„,,  ,ince  these  are  aU  based  on 
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differences  in  [BHCO3]  and  not  on  absolute  values.  It  would 
invalidate  calculations  of  the  [BHbOj]  value,  however,  and  we 
have  left  this  determination  out  in  averaging  the  results. 

Reduced  Hemoglobin.— In  Figs.  2b,  3b,  and  4b  the  height  of 
the  B,  [HbO-i]  lines  at  the  abscissa  representing  complete  reduc- 
tion ([Hb02]  =  0)  indicates  the  amounts  of  tase  bound  by  the 
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Fig.  4  b.  Amounts  of  base  bound  by  hemoglobin  at  pH  7.42  compared 
with  amounts  of  oxygen  bound.     Data  from  Table  IV  and  Fig.  4  a. 

From  the  slope  of  the  line,   Trrr—r.  is  calculated  as  0.73. 

dliibUs] 

completely  reduced  hemoglobin.  From  the  values  thus  found, 
in  Figs.  2b,  3b,  4b,  and  similar  figiu-es  representing  data  obtained 
from  Preparations  6  and  10,  the  results  in  Table  VII  as  "Na 
bound  per  mol  Hb"  are  calculated.  From  these  figures  the  data 
in  the  last  column  of  Table  VII,  at  pH  7.4,  for  comparison  with 
the  results  in  Table  YI,  are  calculated. 
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T.VBI.E  V. 

Summari/  vf  Experiments  lo  Determine  pK'  o/  Hcmoglohin  Solutions. 

Technique: 
Double   tonometer    "First    equilibration   method."     Double   satu- 
ration. 
Saturation  ali  38°  with  Ho  +  CO.. 
Gas  phase  analyzed  in  Haldane  apparatus. 
Liquid  phase  analyzed  for  CO2. 

pH  of  liquid  phase  determined  electrometrically  at  38°  at  CO: 
tension  of  equilibration. 

Solution: 

Twice  reerystallized  HbOa  plus  NaOH  to  30  mM. 


Date. 

Hb 
preparation. 

03 

p 

1" 

5 

y 

!l 

SB 

1 

6 
0 

1 

8 

X 

£ 

0  ^ 

0  r- 

• 

X 
c. 

5 

0 

t 

0. 

;.9?J 

mM. 

mM. 

mM. 

mM. 

mM. 

May    5 

Horse    7 

30 

6.71 

52.2 

21.44 

19  81 

12.19 

1.086 

7.26 

6.17 

5 

7 

30 

6.71 

84.4  25.55 

22.92 

8.74 

0.941 

7.08 

6.14 

.June    1 

"      11 

30 

7.13 

48.9 

22.05 

20.53 

13.50 

1.130 

7.31 

6.18 

"       16 

Dog     16 

30 

6.27 

38.3 

25.23 

24.05 

20.36 

1.309 

7.50 

6.19 

"      16 

16 

30 

6.27 

38.5 

25.52 

24.33 

20.48 

1.311 

7.50 

6.19 

Average 

6.18 

*  Electrometric  pH  determinations  are  based  on  0.1  x  HCl  assuming 
1.090  as  its  pH  at  38°. 

T.\BLE  VI. 

Base  Bound  by  Oxyhemoglobin  at  pH  74- 


Experiment 
No. 

PrepJi  ration 

No, 

Total  hemo- 
globin fontent, 
C. 

Na  bound*  as 

Na  HbOj  at 

pH  7.4. 

Na  bound  per 
niol  hemoglobin 

at  pH 
,  ,      |Na  HbO.l 

a  calculated  = 
IN-aHbO.; 
'■            2.64  C 

,.4              ^ 

mM. 

mM. 

mol 

1 

5 

7.97 

17.23 

2.16 

6.58 

2 

7 

6.92 

14.80 

2.14 

6.59 

3 

11 

7.64 

15.53 

2.06 

6.62 

4 

14 

7.40 

12.80 

1.74 

6.74 

6 

7.58 

15.60 

2.06 

6.62 

— 

10 

8.87 

18.20 

2.05 

6.62 

Average 

2t 

2.09 

6.61 

*.By  interpolation  on  line  connecting  oxygenated  points  of  Figs.  1, 
2a,  3a,  and  4a. 

t  Preparation  No.  14  left  out  of  average. 
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The  Difference  Between  the  Base  Bound  h\j  Reduced  and  h\j  Oxy- 
genated  Hemoglobin. 

The  difference  between  the  average  equivalents  of  Na  bound 
per  molecule  of  oxygenated  and  reduced  hemoglobin  respectively 
is,  from  Tables  VI  and  VII,  2.09  -  1.51  =  0.58.  However,  the 
hemoglobin  preparations  used  were  on  the  average  capable  of 
taking  up  and  giving  off  only  0.85  molecule  of  O2.  So  that  the 
real  average  change  of  Na  per  mol  change  in  coml)iTied  Oo  was 

approximately  -^  =  0.68  equivalents  of  Na. 

TABLE  VII. 

Base  Bound  by  Reduced  Hemoglobin. 


Experi- 
ment No. 

Prepara- 
tion No. 

Total 

hemo- 

<?;lohin 

content, 

C. 

pH 

Na  bound 
IS  [Nd  Hbl 

atpH 
indicated. 

Na  bound 
per  mol  Hb 
[Na  Hb] 
C 

b  calculated 
as  =  pH 
INa  Hbl 
2.45  C 

Na 

estimated' 

bound  at 

pH  7.40 

per  mol 

Hb. 

2 
3 
4 

7 
11 

14 

6 

10 

mM. 

6.92 
7.13 
7.40 
7.58 
8.87 

7.30 
7.31 
7.42 
7.35 
7.30 

mM. 

8.86 

9.05 

8.75 

10.45 

11.60 

mol 

1.28 
1.27 
1.18 
1.3S 
1.31 

6.78 
6.78 

6.94 
6.82 
6.77 

mol 

1.52 
1.49 
1.13 
1,50 
1.55 

Averag 

pt                                    

6.79 

1.51 

*  Estimated  by  adding  2.45  (7.4  -  pH)  to  Na  bound  at  observed  pH. 
t  Preparation  No.  14  left  out  of  average. 


The  values  of  the  ratio - 


dB 


determined  in  Experiments  2,. 


d[HbOo] 

3,  and  4,  were  0.74,  0.69,  and  0.73,  respectively.  It  appears  that 
we  may  state  that  the  ratio  is  approximately  0.7  for  horse  hemo- 
globin. How  much  error  in  it  we  would  allow  for  is  not  yet  cer- 
tain. It  may  be  as  great  as  ±  0.1,  but  is  probably  not  over  ± 
0.05.     We  hope  to  establish  it  more  accurately  later. 

The  presence  of  inactive  hemoglobin  in  our  preparations  widens 
the  margin  of  error  that  must  be  allowed  for  in  the  determination 
of  the  absolute  amounts  of  base  bound  per  molecule  of  oxygenated 
and  reduced  hcmogloljin.  If  the  inactive  heriioglobin  has  the 
base-binding  powtn'  of  oxyhemoglobin,   ibcn  the  average  figure 
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2  09  given  in  Talile  VI  is  correct,  but  this  figiu-e  for  reduced  hemo- 
globin should  be  lowered  by  about  0.1.  If,  however,  the  inactive 
hemoglobin  has  the  base-binding  power  of  reduced  hemoglobm. 
the  completely  oxygenated  preparation  must  l)ind  aljout  2.2 
equivalents  of  base.  The  preparation  of  entirely  inactive  hemo- 
globin and  the  determinations  of  its  base-binding  powers  are  re- 
quired to  settle  the  nature  of  the  correction  it  necessitates.  Until 
this  has  been  accomphshed  we  must  make  allowance  for  the  mar- 
gin of  error  that  may  be  occasioned  in  the  figures  for  either 
oxygenated  or  reduced  hemoglobin.  Such  allowance  extends  the 
range  of  results  for  reduced  hemoglobin  from  1.55-1.49  to  1.55- 
1.39  (or  1.47  ±  0.08  equivalents  of  base  per  molecule  of  hemo- 
globin). It  extends  the  range  of  results  for  oxyhemoglobin  from 
2.05-2.16  to  2.05-2,26,  or  2.15  ±  0.10  equivalents. 

The  Base  Bound  by  Oxyhemoglobin  at  Varying  pH. 

In  order  to  calculate  the  base  bound  by  oxyhemoglobin  at 

.      dB 
varying  pH  rang^  we  utiUze  the  fact  that  the  Ijuffer  ratio  -^^ 

is  constant  over  the  physiological  range,  and  has  a  value  of  2.64. 
Tliis  means  that  as  oxyhemoglobin  combines  with  more  alkali 
the  pH  increases  at  a  constant  proportion,  the  change  being  at 
the  rate  of  1  pH  per  2.64  molecules  of  monovalent  base  (over  the 
limited  range,  pH  7.2  to  7.5  at  least).  Expressed  in  the  usual 
form  of  a  straight  line  equation,  we  have 

B  =  [BHbOo]  =  2.64  [HbOj]  (pH  -  o)  (D 

where  a  is  the  pH  at  which  the  base  bound  would  become  zero, 

dB  ^^ 

if  the  slope  -— —  continued  unaltered  to  that  point.     If  the  •^— ^ 

value  remained  absolutely  constant  up  to  that  point,  the  latter 
would  be  the  isoelectric  point  of  oxyhemogloljin.  As  a  matter  of 
fact  ft  is  quite  close  to  this  point,  but  we  are  not  at  present  cer- 
tain how  close.  Consequently,  it  appears  better  to  designate 
the  extrapolated  point  merely  as  a,  rather  than  by  a  symbol  wliich 
might  indicate  a  relation  to  the  exact  isoelectric  point.  The 
value  of  a,  found  by  solving  the  above  equation,  is 

"  =  p"  -  "2:610-  ^-' 
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From  the  data  of  Table  VI  we  calculate  in  the  last  column  of  the 
table  that  the  value  of  a  lies  between  6.58  and  G.62,  the  average 
being  6.G1.  However,  the  values  in  Table  VI  are  uncorrected  for 
the  inactive  hemoglobin.     The  average  corrected  value  at  pH  7.4 

for  —,ciz.2.\b,  gives  a  =  6.585. 

Similarly  we  could  estimate  from  points  of  known  pH  and  B 
the  value  of  h  in  the  similar  equation  for  reduced  hemoglobin, 

[BHb]  =  ^R  [Hb]  (pH  -  6)  (3) 

From  the  data  in  Paper  IV  of  this  series  (11),  (3r  is  estimated 

[BHb]  ,  ,     .       ,. 

as  2.45.     From  the  average  value  of  -— — ,  corrected  lor  mactive 

hemoglobin,  oiz.  1.47  at  pH  7.4,  we  obtain  by  calculation  analogous 
to  that  of  Equation  2,  a  value  of  6.80  for  h.  This  we  use  instead 
of  the  uncorrected  average  value  of  6.79  given  in  Table  VII. 

[BHb]  =  2.45  [Hb]  (pH  -  6.80)  "  (-1) 

Finally,  by  combining  Equations  1  and  4  we  obtain  an  ex- 
pression relating  the  total  base  bound  by  hemoglobin  to  the  pH 
and  the  per  'cent  of  oxygen  saturation.  Expressing  the  total 
base  [BHbO.]  +  [BHb]  as  B,  we  have,  by  addition  of  Equations  1 
and  4,  Equation  5,  which  indicates  the -relationships  of  all  three 
variables. 

B  =  2.64  [HbO^]  (pH  -  6.585)  +  2.45  [Hb]  (pH  -  6.80)  (5) 

By  substituting  C  -  [HbOj]  for  [Hb]  wo  may  solve  Equation  5 
in  terms  of  [Hb02]  as 

B  =  2.45  C  (pH  -  6.80)  +  (0.19  pH  -  0.72)  [HbOs]  (6) 

Table  VIII  contains  a  comparison  of  observed  and  calculated 
values  for  [BHb]  +  [BHbO.],  the  "observed"  being  taken  from 
the  tables,  the  "calculated"  being  calculated  by  Equation  6. 
In  making  the  calculations  the  inactive  hemoglobin  was  calcu- 
lated as  HbOi.  How  much  the  observed  deviation  of  about 
1.0  niM.  in  No.  3  is  due  to  error  from  this  assumption  is  uncertain. 
The  deviation  in  No.  4  is  due  to  the  fact,  stated  before,  that 
almost  certainly  3  nui.  more  alkaU  were  added  in  the  experiment 
than  was  intended.  ■ 
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In  Equation  G  the  term  2.45  C  (pH  -  6.80)  represents  the 
base  that  would  be  bound  if  all  the  hemoglobin  were  reduced, 
while  the  term  (0.19  pH  -  0.72)  [HbOo]  represents  the  addi- 
tional amount  of  base  combined  at  the  observed  pH  as  the  result 
of  oxygenation  of  part  of  the  hemoglobin,  the  coefficient  (0.19 

pH  -  0.72)  reprc«nting  ^.rr^y'     This  amount  in  equivalents 

of  base  added  per  mol  of  oxygen  is,  according  to  the  results  in  the 
present  paper,  about  0.7  at  pH  7.4.  Calculated  as  0.19  pH  - 
0.7,  it  is  0.67  at  pH  7.30,  0.69  at  pH  7.40,  0.71  at  pH  7.50. 

TABLE  VIII. 

Comparison  of  Observed  and  Calculated  [BHbO,]  +  [BHb]  Values. 


Experiment 
No. 

Table  I. 

Table  II. 

Table  III. 

Table  IV. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
sen'ed. 

Calcu- 
lated. 

Ob- 
seired. 

Calcu- 
lated. 

Ob- 
served. 

1 

20.1 

20.0 

14.9 

14.7 

15.9 

15.5 

16.3 

13.3 

o 

19.2 

p  19.4 

11.2 

11.1 

12.4 

11.6 

15.9 

13.0 

3 

IS.  2 

18.4 

9.0 

8.6 

10.8 

9.8 

10.9 

9.3 

4 

15.9 

16.4 

10.3 

9.5 

15.4 

12.6 

5 

15.8 

16.5 

■    10.8 

10.9 

12.8 

12.1 

13.6 

10.7 

6 

15.6 

15.8 

11.7 

11.2 

12.8 

12.2 

11.5 

9.4 

7 

14.5 

14.7 

11.3 

11.8 

13.0 

12.5 

14.6 

12.2 

S 

14.4 

14.4 

10.6 

10.3 

13.1 

12.5 

9 

13.7 

13.9 

10.8 

10.6 

10.8 

10.0 

10 

10.1 

11.0 

11.1 

10.3 

Equation  5  and  its  derivatives  are,  of  course,  purely  empirical, 
and  hold  only  for  the  range  over  which  ^o  and  /3r  are  constant. 
They  afford,  however,  a  convenient  way  of  stating  the  observed 
relationsliips  over  at  least  the  greater  part  of  the  physiological 
range  of  blocd  pH. 

>  As  a  matter  of  fact,  Equation  6  was  the  first  expression  actually  devel- 
oped for  empirically  expressing  the  relationships  of  the  three  variables 
pH,  B,  and  oxygen.     It  was  developed  by  Hastings,  who  noted  in  charting 

dB  .,, 

Experiments  4,  5,  and  6  in  the  next  paper  (11)  that  J^^^^  increases  with 

pH  according  to  a  linear  function  of  the  latter,  and  might  therefore  be 
expressed  in  the  form  in  pll  -f  n. 
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An  equation  attempting  to  express  the  base  bound  at  varying 
pH  in  terms  of  the  mass  law  would  have  the  form 

with  at  least  six  terms,  since  as  shown  above,  there  are  at  least 
five  and  probably  more  acid  groups  binding  more  or  less  base  at 
normal  blood  pH  in  both  oxygenated  and  reduced  hemoglobin. 

As  L.  J.  Henderson  has  shown  (6),  assuming  that  changes  in 
one  acid  group  in  hemoglobin  are  responsible  for  the  difference 
in  alkah-binding  power  between  oxygenated  and  reduced  hemo- 
globin, the  group  affected  would  have  a  relatively  low  dissocia- 
tion constant,  Kr,  in  reduced  hemoglobin  and  a  relatively  Mgh 
one,  Ko,  in  oxygenated  hemoglobin;  and  the  value  of  Ivq  and 
Kr  could  be  calculated  from  the  difference  in  base  bound  ly  oxy- 
genated and  reduced  hemoglobin  at  two  different  pH  points.  All 
our  results  are  consistent  with  Henderson's  assumption;  and  the 
values  of  Kq  and  Kr  could  be  calculated  f«om  the  difference 
in  base  bound  by  oxygenated  and  reduced  hemoglobin  at  pH  7.2 
and  7.4  estimated  from  our  average  data  as  expressed  by  Equa- 

dR 
tion  5  or  6.     The  change  in  ^^^^,  _  .  with  changing  pH  on  which 

dLHb(J2j 
one  must  base  calculations  of  Kq  and  Kr  is  shght,  however, 
and  it  seems  preferable  to  delay  such  calculation  until  experiments 
with  hemoglobin  solutions  similar  to  Experiments  4,  5,  and  6 
with  blood  in  the  accompanjang  paper  (11)  are  available,  and  a 
wider  range  of  pH  is  covered  so  that  the  vaUdity  of  the  assmnp- 
tion  can  be  tested  by  the  constancy  of  results  obtained  with  vary- 
ing pairs  of  pH  points. 

The  technique  used  in  this  paper  may  be  of  value  in  character- 
izing other  proteins  by  determining  the  height  and  slope  (buffer 
value)  of  their  B,  pH  curves  on  the  alkahne  side  of  their  isoelec- 
tric points.  We  have  estimated  above  that  the  pH  values  deter- 
mined are  reproducible  with  a  maximum  error  of  0.007  pH;  the 
usual  error  need  not  exceed  half  as  much.  Such  constancy  appre- 
ciably exceeds  that  attainable  by  the  electrometric  method. 
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SUMMARY. 


1.  The  alkali  (Na)  bound  at  pH  7.4  per  gram  molecule  of  re- 
crystallized  horse  oxyhemoglolnn  has  been  determined  to  be  2.15 
±  0.10  equivalents,  that  per  gram  molecule  of  reduced  hemoglobin 
to  V)e  1.47  =t  0.08.  The  errors  of  ±  0.10  and  ±  0.08' allowed  for 
arc  about  half  due  to  the  combined  analytical  errors  connected 
with  the  technique,  and  half  to  the  presence  of  7  to  20  per  cent 
of  hemoglobin  in  a  form  incapable  of  binding  labile  oxygen  in  the 
preparations  used.  (In  these  calculations  a  gram  molecule  of 
hemoglobin  has  been  taken  as  the  amount  combining  with  a 
gram  molecule  of  oxj-gen.) 

2.  At  pH  7.4,  the  change  of  1  mol  of  reduced  hemoglobin  to 
oxyhemoglobin  enables  the  hemoglobin  to  combine  with  0.68 
±  0.10  equivalent  of  additional  alkali. 

3.  For  points  intermedlate.Jjetween  complete  oxygenation  and 
complete  reduction,  increase  in  base  bound  at  constant  pH  is  in 
simple  direct  proportion  to  increase  in  oxygen  content.     The 

-ratio  at  a  given  pH  is  constant  for  all  degi'ees  of  oxygena- 


dB 


d[Hb02] 

tion.     This  fact  accords  with  Henderson's  theory  (6). 

4.  The  variation  in  base  bound  by  oxj^hemoglobin  at  vary- 
ing pH  is  indicated  by  the  molecular  buffer  value  of  fc  =  2.64. 
For  each  0.1  pH  increase,  each  molecule  of  oxyhemoglobin  takes 
up  0.264  additional  equivalents  of  base. 

For  reduced  hemoglobin  the  molecular  buffer  value  ^r  is  2.45. 
These  buffer  values  are  practically  constant  over  the  pH  range 

7.2  to  7.5. 

5.  The  relationships  simimarized  above  arc  condensed  mto 
the  empirical  equation,  valid  over  the  pH  range  7.2  to  7.5,  and 
approximately  so  to  pH  7.0  to  7.6: 

B  =  2.64  [HbO.]  (pH  -  6.585)  -1-  2.45  [Hb]  (pH  -  6.80) 

The  constants,  2.45  and  6.80,  of  the  last  term  have  been  de- 
termined indirectly,  and  may  be  subject  to  slight  revision  when 
direct  determinations  are  available. 

6.  The  molecular  buffer  values,  |3o  =  2.64  and  /3r  =  2.45, 
indicate  that  at  pH  7.2  to  7.5  at  least  five  monovalent  acid  groups 
in  the  molecule  share  in  the  alkali  combined  with  hemoglobin. 
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7.  The  constants  above  reported  are  for  horse  hemoglobin 
only.  Prelinrinary  experiments  indicate  that  for  dog  hemoglobin 
the  figures  are  different. 
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STUDIES  OF  GAS  AND  ELECTROLYTE  EQUILIBRL^  IN 
THE  BLOOD. 

IV.    THE  EFFECT   OF  OXYGENATION   AND  REDUCTION   ON  THE 
BICARBONATE  CONTENT  AND  BUFFER   VALUE  OF  BLOOD. 

By  DONALD  D.  VAN  SLYKE,  A.  BAIRD  HASTINGS,   and 
JAMES  M.  NEILL. 

{From  llie  Hi'upilal  of  The  RockffMer  Institute  for  Medical  Research.) 
(Received  for  publication,  July  26.  1922.) 

The  experiments  here  presented  were  carried  out  in  order — 

1.  To  determine  the  buffer  value  of  oxygenated  and  reduced 
blood,  and  the  proportion  of  it  for  which  hemoglobin  is  responsible. 

2.  To  ascertain  quantitativelj-  the  effect  of  change  in  combined 
oxygen  at  constant  pH  on  the  blood  bicarbonate. 

dlBHCGsl 

3.  To  ascertain  the  effect  of  changing  pH  on  the       .  , 

ratio.^ 

We  have  used  the  same  experimental  methods  employed  with 
hemoglobin  solution  (1).  The  blood  was  saturated  at  38°  under 
known  tensions  of  CO2  and  O2,  and  the  changes  in  base  distribu- 
tion were  estimated  from  changes  in  the  bicarbonate. 

In  the  experiments  with  hemoglobin  solutions  (1)  all  changes 
in  base  present  as  BHCO3  could  be  interpreted  as  changes  in 
the  opposite  direction  in  base  bound  by  hemoglobin,  since  car- 
bonic acid  and  hemoglobin  were  the  only  acids  present.  Blood, 
however,  also  contains  other  buffers,  chiefly  in  the  form  of  plasma 
proteins  and  cell  phosphate,  which  also  give  off  some  bases  to 
form  bicarbonate  when  pH  is  lowered  by  increased  CO2  tension. 
Consequently,  variations  in  [BHCO3]  accompanying  changing 
pH  due  to  changing  CO2  tension  cannot  be  interpreted  on  blood 
as  quantitative  measures  of  opposite  changes  in  [BHb]  -f  [BHbO.]. 
However,  we  may  estimate  the  buffer  value  of  oxyhemoglobin 

'  The  symbols  used  in  the  preceding  paper  (1)  .are  employed. 
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from  its  concentration  and  its  molecnlar  buffer  values  determined 
in  the  preceding  paper  (1),  and  by  comparing  the  values  thus 
estimated  with  the  observed  total  buffer  values  we  may  ascer- 
tain the  relative  part  played  by  oxyhemoglobin  in  the  total  bufler 
effect  of  the  blood.     The  estimation  from  buffer  constants  ob- 
tained on  hemoglobin  solutions,  of  the  buffer  effect  of  hemoglobin 
in  the  blood  involves  the  assumption  that  the  confinement  of 
hemoglobin  within  the  red  cells  does  not  alter  its  buffer  effect  on 
the  system.     The  approximate  correctness  of  this  assumption  is 
shown  by  the  results  of  Joffe  and  Poulton   (2).     Its  absolute 
accuracy  must  be  based  on  parallel  experiments  with  laked  and 
intact  cells,  which  the  temporary  interruption  of  our  work  has 
forced  us  to  leave  to  the  future.     The  calculation  of  the  relative 
part  played  by  hemoglobin  in  the  buffer  effect  of  blood  in  Table 
VII  is  therefore  presented  with  the  reservation  that  slight  cor- 
rections mav  be  required  because  of  the  difference  in  pH  between 
plasma  and' cell  contents.     Because  of  the  relative  constancy  of 
the  buffer  value  of  hemoglobin  over  the  pH  range  that  the  cell 
contents  presumably  cover,  however,  it  does  not  appear  that 
the  correction  can  be  considerable. 

If  we  keep  the  pH  of  blood  constant,  however,  by  properly 
regulated  CO2  tension,  and  change  only  the  degree  of  oxygenation, 
we  appear  justified  in  assuming  that  any  changes  in  [BHCO3] 
that  occur  correspond  quantitatively  to  changes  in  the  opposite 
direction  in  base  bound  by  hemoglobin.  For  hemoglobin  is  the 
only  substance  in  the  blood  that  combines  with  the  oxygen,  and 
can  therefore  conceivably  undergo  change  in  its  chemical  properties 
from  oxygenation  and  reduction  of  the  blood.  Expressing  these 
increases  bv  the  symbol  A,  with  changing  oxygen  content  at 
constant  pH,  -  AlBHCO,]  =  A([BHb]  +  [BHb02]). 

EXPERIMENTAL. 

The  blood  in  volume  from  250  to  400  cc.  was  drawn  from  the 
horse  the  night  before  each  experiment.  It  was  either  oxalatcd 
or  defibrinated,  as  described  before  (3),  was  chilled  to  nearly 
0°C.,  and  was  kept  at  that  temperature  until  samples  were  re- 
moved for  saturation  the  next  morning.  For  the  oxalation  0.2 
per  cent  potassium  oxalate  plus  0.1  per  cent  of  sodium  fluoride 
was  used  (4). 
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The  technique  of  saturation  and  analysis  was  identical  with 
that  used  in  the  preceding  paper  (1)  for  hemoglobin  solutions. 
For  the  blood  CO2  determinations  3  cc.  samples  were  used. 

The  calculations  of  pH  values  were  also  performed  as  above 
(1),  except  that  slightly  different  constants  were  required.  For 
calculation  of  the  pH  values  the  value  6.15  for  pK'  was  employed, 
instead  of  6.18  as  with  hemoglobin  solutions.  The  data  on  which 
the  value  6.15  is  based  will  be  pubhshed  later.  For  a^o,,  Bohr's 
value  of  0.511  for  whole  blood  was  employed. 
Our  experiments  are  divided  into  two  groups. 
In  Experiments  1,  2,  and  3  we  have  followed  the  procedure 
outlined  for  Experiments  1,  3,  and  4  of  the  preceding  paper  (1). 
The  slope  of  the  BHCO3,  pH  line  has  been  determined  on  oxy- 
genated blood,  and  used  to  extrapolate  to  a  given  pH  the  [BHCO3] 
values  found  in  bloods  in  varying  stages  of  oxygenation,  and  at 
pH's  as  near  to  the  given  pH  as  could  be  arranged  by  regulation 
of  the  CO2  and  O2  tensions.  By  these  experiments  we  obtained 
data  on  the  buffer  value  of  oxygenated  blood,  on  the  effect  of 
oxygenation  and  reduction  on  [BHCO3]  at  constant  pH,  and  on 
the  proportionality  between  this  effect  and  the  degree  of  oxygena- 
tion. The  results  are  given  in  Tables  I,  II,  and  III,  and  in  Figs. 
la,   lb,  2a,  26,  3a,  and  36. 

In  order  to  obtain  data  also  on  the  buffer  value  of  reduced 
blood,  and  on  the  total  effect  of  reduction  and  oxygenation  at 
varying  pH,  we  have  carried  out  Experiments  4,  5,  and  6.  In 
each  of  these  a  number  of  [BHCO3]  values  were  obtained  with 
blood  approximately  completely  oxygenated,  Po,  =  140  mm.  at 
varying  pH,  and  a  number  of  other  [BHCO3]  values  were  obtained 
on  blood  as  near  as  possible  to  complete  reduction.  The  [BHCO3] 
points  for  both  oxygenated  and  reduced  bloods  when  plotted 
against  pH  made  absolutely  straight  lines  within  the  pH  raage 
of  the  experiments,  7.1  to  7.5.  »- 

The  results  of  Experiments  4,  5,  and  6  are  given  in  Tables  IV 
a,  IV6,  Va,  V6,  Via,  and  VI6,  and  in  Figs.  4,  5,  and  6.     In  Tables 

dlBIlCOr,] 
IV6,  V6,  and  VI6,  the  values  for  -,,^^.  ^.    may  be  taken,  for 

reasons  discussed  above,  to  represent  negative  values  of   ,,^„  _  , 

dlHbOj] 

in  the  sense  used  in  the  preceding  paper,  B  indicating  the  total 

base  bound  by  hemoglobin  as  [BHb]  +  [BIIlOo]  (1). 
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EXPLANATION    OF    TABLES    AND    FIGURES. 

In  all  except  Tables  lYb,  Yb,  and  VI6  the  symbols  used  are  the 
same  as  in  the  tables  of  the  preceding  paper.  In  Tables  IVb, 
V6,  and  VI6,  we  have  used  [BHCOsk  for  the  [BHCO3]  of  the 
reduced  blood;   [BHCOslo  for  the  [BHCO3]  of  the  oxygenated 

.   A[BHC03] 
blood;  AlBHCOa]  =  [BHCO,]r  -  [BHCOslo-    The  ratio -^^g^^ 

is  always  negative  since  at  constant  pH,  oxygen  and  bicarbonate 
contents  move  in  opposite  directions. 

The  charts  are  designed  like  those  in  the  preceding  paper, 
except  that  in  the  present  one  the  [BHCO3]  values  are  plotted 
as  ordinates,  instead  of  the  [BHb]  +  [BHbO,]  values.  Conse- 
quently, since  the  [BHCO3]  varies  in  the  opposite  direction  from 
the  [BHb]  +  [BHb02]  in  the  present  charts  the  Unes  slope  in  the 
opposite  direction  from  those  in  the  preceding  paper,  and  the 
oxygenated  line  is  at  the  bottom  of  a  series  instead  of  at  the  top. 

TABLE  I. 

Horse  Blood  No.  1. 
Anticoagulant Oxalate +  NaF. 


Total  oxj'gen 


capacity 7.30mM. 


No. 


Po: 


(140) 
(140) 
(140) 
49.30 
34.50 
32.70 
21.60 
2.9 
142.0 


Total 
lO.l. 


7.39 
7.36 

7.  as 
5.75 
4.49 

4.29 
2.26 
0.32 
7.38 


IHbO!) 


7.21 

7.1s 

7.20 
5.68 
4.45 
4.25 
2.24 
0..32 
7.20 


PC02 


33.2 
47.1 
61.7 
44.4 
44.4 
44.2 
46.6 
51.4 
40.6 


Total 
[CO:]. 


16.05 
18.64 
20.90 
18.55 
19.05 
19.15 
20.35 
21.76 
17.52 


(BHCOjI 


15.05 
17.23 
19.05 
17.22 
17.72 
17.82 
18.95 
20.22 
16.30 


pH 


7.329 
7.236 
7.162 
7.265 
7.274 
7.278 
7.282 
7.268 
7.276 


[BHCOil 

at 
pH7.30. 


15.75 
15.75 
15.75 
16.40 
17.10 
17.28 
18.55 
19.47 
15.75 


DISCUSSION    OF    RESULTS. 

The   Buffer   Value   of  Oxygenated   and   Reduced   Blood  and  the 
Proportion  of  It  for  Which  Hcmo(,lobin  Is  Responsible. 

The  buffer  values  for  oxvgenatcd  blood,  in  niM.  terms,  are  given 
in  Table  VII  for  the  five  bloods  on  which  they  were  determined. 


Fig.  la.  From  the  line 
through  the  oxygenated 
points    1,    2,    3,    and   9, 

— -^  is    calculated 

dpH 

as  -  23.7. 

Intersections  of  lines 
through  the  other  points 
with  the  pH  7.3  line 
indicate  effects  of  vary- 
ing degrees  of  reduction 
in  lowering  the  amount 
of  base  bound  by  the 
hemoglobin. 

The  numbers  near  the 
points  indicate  the  data 
in  Table  I  from  which 
they  are  taken.  In  the 
last  column  of  the  table 
the  amounts  of  base 
indicated  by  the  inter- 
sections on  the  pH  line 
are  given. 
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Fig.  lb.  Amount  of  base  displaced  from  BHCOj  at  pH  7.3  compared  with 
amounts  of  oxygen  bound.     Data  from  Table  I  and  Fig.  la. 

dlBHCOsl. 


From  the  slope  of  the  line, 


d[HbOJ 
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is  calculated  as  —0.554. 
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(On  No.  3  the  buffer  slope  was  not  detenniiied,  but  was  estimated 
for  purposes  of  extrapolation  from  the  hemoglobin  content.) 
The  value  of  the  buffers  other  than  BHCO3  was  estimated  as 
dB  ^  _  dlBHCOa]  ^.^^^  increase  in  base  bound  as  BHCO3 
dpH  dpH 

is  equal  to  loss  of  base  by  other  buffers.  The  other  calculations 
in  the  table  are  seK-explanatory.  It  appears  that  from  73  to 
79  per  cent  of  the  total  buffer  effect  of  the  oxygenated  horse 
blood  was  due  to  oxyhemoglobin.     The  average  buffer  effect  of 

TABLE  II. 
Hurse  Blood  No.  2. 

Anticoagulant O'^alate  and  NaF. 

Total  oxygen  capacity G.SOmM. 


No. 

Po: 

mm. 

1 

143.3 

2 

142.8 

3 

(143.0) 

4 

44.2 

6 

31  5 

6 

27.5 

7 

21.0 

8 

!,.■> 

9 

141  4 

Tot.nl 
10.1. 


6.93 
6.95 
6.86 
5.26 
3.85 
3.03 
1.90 
0.14 


IHbO.]  PcO; 


0.75 
6.77 
6.68 
5.20 
3.81 
2.99 
1.87 
0.14 


33.0 
42.3 
62.2 
44.7 
44.7 
45.6 
49.5 
48.7 
42.4 


Total 
[COjI. 


16.79 
18.56 
21.63 
19.47 
20.06 
20.40 
21.45 
22.13 
18.51 


IBHCOai 


15.80 
17.29 
19.57 
18.13 
18.72 
19.03 
19.96 
20.67 
17.24 


pH 


7.353 

7.274 
7.170 
7.271 
7.298 
7.293 
7.278 
7.291 
7.282 


[BHCOil 

at 
pH7  275. 


17.35 

17.35 

17.3,';, 

18. 0'.  ' 

19.26 

19.42 

20.04 

20.98 

17.35 


^^     -   99  fi 
buffers  other  than  bicarbonate,  in  niM.  terms,  was  — ^  -  /^.o, 

of  which  19.0  were  due  to  hemoglobin,  leaving  3.6  to  buffers 
other  than  hemoglobin  and  bicarbonate.  The  bicarbonate  con- 
tributed an  average  j^  value  of  1.8,  making  the  total  24.4. 

In  percentages  of  the  total  buffer  effect,  the  average  values 
for  all  five  bloods  are  78  per  cent  for  hemoglobin,  7.4  per  cent 
for  bicarbonate,  and  14.6  for  all  other  buffers. 

The  results  obtained  with  reduced  blood  in  Experiments  4,  5, 
and  6  are  given  in  Table  VHI.  The  effects  of  buffers  other 
than  hemoglobin  and  BHCO.,,  are  estimated  in  Column  d  of 
Table  VIII  from  the  oxygenated  samples  by  subtracting  the 
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Fig.  2a.  From  the  line  through  the  oxygenated  points  1,  2,  3,  and  9, 
dfBHCOsl 


dpH 


is  calculated  as  —20.6. 


Intersections  of  lines  through  the  other  points  with  the  pH  7.275  line 
i  icate  effects  of  varj-ing  degrees  of  reduction  in  lowering  the  amount  of 
base  bound  by  the  hemoglobin. 

The  numbers  near  the  points  indicate  the  data  in  Table  II  from  which 
they  are  taken.  In  the  last  column  of  the  table  the  amounts  of  base  indi- 
cated by  the  intersections  on  the  pH  line  are  given. 
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Fig.  26.  Amounts  of  base  displaced  from  BHCOj  at  pH  7.275  compared 
with  amounts  of  oxygen  bound.    Data  from  Table  II  and  Fig.  2a. 

From  the  slope  of  the  line,    .  .„,  ^  ,'  is  calculated  as  -0.548. 
d  IHbOsJ 
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calculated  buffer  effect  of  the  oxyhemoglobin  from  the  total. 
In  the  reduced  bloods  it  is  assumed  that  the  effects  of  the  buffers 
other  than  BHCO3  and  hemoglobin  are  the  same  as  m  oxygenated. 
The  buffer  value  of  the  reduced  hemoglobin  is  accordmgly  esti- 
mated by  subtracting  the  values  in  Column  d  from  those  in 
Column  c.     From  the  ^  values  found,  the  molecular  buffer 

^^^  _dB_ 

value  is  calculated  in  Column  g  as  /3r  =  q^^^ 

From  comparison  in  Tables  VII  and  VIII   of  the  average 
values  for  those  experiments  in  which  both  oxygenated  and  re- 


TABLE  III. 

Horse  Blood  No.  3. 


Anticoagulant 

Total  oxygen  capacity. 


.  Defibrinated. 
6.68mM. 


No. 


P03 


Total 
[OjI. 


143.5 

37.6 

19.9 

4.0 

135.0 

29.70 

20.80 

3.5 


6.75 
4.30 
1.90 
0.22 
6.69 
3.21 
2.00 
0.19 


(HbO.I 


6.56 
4.25 
1.87 
0.22 
6.49 
3.17 
1.97 
0.19 


PC02 


41.9 
46.0 
47.3 
48.7 
43.4 
45.0 
46.2 
48.7 


Total 
ICO2I 


16.65 
18.14 
19.08 
19.91 
16.80 
18.13 
18.85 
19.93 


IBHCOal 


pH 


15.39 
16.76 
17.66 

18.45 
15.50 
16.78 
17.46 
18.47 


7.238 
7.235 
7.245 
7.251 
7.226 
7.244 
7.250 
7.252 


[BHCOsl 

at 
pH7  24. 


15.38 
16.63 
17.74 
18.67 

15  25 

16  85 

17  66 
IS  73 


duced  bloods  were  examined,  the  shift  of  buffer  values  resulting 
from  reduction  of  oxygenated  blood  at  constant  pH  becomes 
apparent.  The  hemoglobin  decreases  in  both  percentage  and 
absolute  buffer  effect,  because  of  the  chemical  change  it  under- 
goes- the  bicarbonate  increases  in  both  percentage  and  total 
buffer  effect,  because  of  the  increase  in  [BHCO3],  and  its  gam 
nearly  balances  the  loss  of  the  hemoglobin. 

The  Effect  of  Change  in  Comhined  Oxygen  at  Constant  pH  on  the 
Blood  Bicarbonate. 

The  values  for  the  '^^^§j  ratios  obtained  at  7.30,  or   the 
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Fig.  3a.  The  slope  of  the  lines  is  calculated  as  — — ,  from  the  hemoglobin 

content. 

Intersections  of  lines  through  the  other  points  with  the  pH  7.24  line  indi- 
cate effects  of  varying  degrees  of  reduction  in  lowering  the  amountofbase 
bound  by  the  hemoglobin. 

The  numbers  near  the  points  indicate  the  data  in  Table  111  from  which 
they  are  taken.  In  the  last  column  of  the  Table  the  amounts  of  base  indi- 
cated by  the  intersections  on  the  pH  7.24  line  are  given. 
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Fig.  3b.  Amounts  of  base  displaced  from  BHCO3  at  pH  7.24  compared 

with  amounts  of  oxygen  bound.     Data  from  Table  III  and  Fig.  3a. 

dlBHCOj] 
From  the  slope  of  the  line,-rTr— — r-r- 
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is  calculated  as  —  0.538. 
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TABLF  IVa. 

Horse  BUiod  No.  4- 


Anticoagulant 

Total  oxygen  capacity 
Technique 


Oxalate  4-NaF. 

7.16mM. 

Double  tonometer. 

Double    equilibration. 


No. 

Po, 

Total  (Oil. 

(HbOsl 

Pco. 

Total 
|C0,|. 

[BHCOil 

pH 

1 

2 
3 

4a 
4b 

mm. 

136.9 
136.2 
128.2 
130.3 
130.6 

mM. 

7.30 

7.27 

7.32 
7.31 

mM. 

.     7.12 
7.09 

7.15 
7.14 

mm. 

54.7 
53.8 
31.0 
24.2 
24  2 

mM. 

19.55 
19.35 
15.25 
13.57 
13.50 

mM. 

17.91 

17.74 
14.32 
12.84 
12.77 

7.188 
7.191 
7.338 
7.398 
7.395 

Average •  ■■  • 

7.13 

5 
6 

7 
8 

2.6 
3.3 
3.5 
3.6 

0.22 
0.25 
0.31 
0.33 

0.22 
0.25 
0..31 
0.33 

63.0 
46.0 
34.2 

25.8 

23.27 
20.66 
18.44 
16.43 

21.38 
19.28 
17.41 
15.66 

7.203 
7.295 
7.379 
7.456 

Average 

0.28 

TABLE  IVfc. 
Horse  Blood  No.  4.    Data  from  Fig.  4- 


AlBHCOsl* 

pH 

IBHCOjIr 

IBHCOslo 

AlBHCOal 

AlHhOjl 

mM. 

mM. 

mM. 

7  1 

23.70 

20.00 

3.70 

0.540 

7  2 

21.46 

17.59 

3.87 

0.505 

7.3 

19.20 

15.16 

4.04 

0.589 

7.4 

16.96 

12.75 

4.21 

0  615 

7.5 

14.70 

10.32 

4.38 

0.639 

*A  [HbO^l  =  0.28  -  7.13  = 


•  6.85 


to    7.30,   covered    by  observation,  are  given 


m 


nearest  point 

Table  IX.  ,,.,.. 

The  assumption  appears  justified,  as  stated  above,  that,  at 
•constant  pH,  changes  in  oxygenation  affect  the  amounts  of  base 
bound  only  by  carbonic  acid  and  by  hemoglobin,  whatever  base 
is  detached  from  combination  with  hemoglobin  being  represented 
by  increase  in  [BHCO3],  and  vice  versa.     If,  therefore,  no  factors 


Van  Slyke,  Hastings,  and  Neill 


517 


in  blood  alter  the  pK^  and  pKo  values  of  the  acid  group  or  groups 
of  which  the  base-binding  power  is  affected  bv  oxygen  changes,  we 

should  expect  at  a  given  pH  the     ,,„,  ,  ,  ratio  determined  in 
^.^^  UL1IDU2J 

sodium  hemoglobinate  solutions  to  have  the  same  value  as  the 

dlBHCO.; 


dlHbOs 


ratio  determined  in  blood,    except  for  change  in  sign. 
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Flo.  4.  From  the  line  through  the  oxygenated  points  1,  2.  3,  4  a,  and  46, 
for   the   oxygenated   blood    is  calculated  as  —24. IS.     From  the 


dpH 

line  through  points  5,  6,  7  and  S 


dpH 


for  reduced  blood  is  calculated 


as  -22.40. 

The  numbers  near  the  points  indicate  the  data  in  Table  IVa  from  which 
tliPY  are  taken. 


518 


Oxygenation  and  Reduction  in  Blood 


T-\BLE  Vo. 

Horse  Blood  No.  5. 

ticoagulai 
tal  oxyger 

,+                                   

0 

xalate  +  NaF. 
6.95niM. 

An 
To 

I  capacity 

No. 

PO!* 

Total  IO2I. 

lHbO.1 

PC02 

Total 
ICO-I. 

[BHCC 

h\ 

pH 

mm.                rnM.        \ 

niM. 

mm. 

mM. 

mM. 

1 
2 

3 
4 
5 

(140) 
(140) 
(140) 
(140) 
(0) 
(0) 
(0) 
(0) 
(140) 
(140) 
(140) 
(140) 
(0) 
(0) 
(0) 

7.13 

7.11 
7.12 
0.40 

6.95 

6.93 
6.94 
0.40 

52.5 
36.3 
26.5 
19.9 
60.8 

19.28 
16.50 
14.38 
12.65 
22.63 

17.70 
15.41 
13.58 
12.05 
20.81 

7.200 
7.301 

7.382 
7.455 
7.207 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0.28 
0.37 
0.16 
6.98 
7.19 
7.15 
7.06 
0.21 
0.17 
0.30 

0.28 
0.37 
0.16 
6.80 
7.01 
6.97 
6.85 
0.21 
0.17 
0.30 

44.5 
31.3 
22.5 
63.1 
46.2 
31.3 
21.5 
72.1 
51.9 
35.9 

20.19 
17.63 

15.48 
20.68 
18.27 
15.50 
12.95 
24.03 
21.29 
18.57 

18.85 
16.69 
14.80 
18.79 
16.88 
14.56 
12.30 
21.87 
19.73 
17.49 

7.299 
7.400 
7.491 
7.148 
7.236 
7.341 
7.431 
7.155 
7.253 
7.361 

tonoi 

)o=  figures  in  this  table  represent  oxyg 
Tieters  for  second  saturation,  not  the 

en  tension  of  gas  placed  in 
final  tension  determined  by 

anab 

^sis. 

TABLE  V6. 

Horse  Blood  No.  5.    Data 

from  Fig.  5. 

pH 

[BHCOjIo 

IBHCOsIr 

AlBHCOsl 

AlBHCOsl* 
AlHbOi] 

7.1 
7.2 
7.3 

7.4 
7.5 

mM. 

19.88 
17.65 
15.42 
13.20 
10.97 

m.\i. 

23.00 
20.90 
18.80 
16.70 
14.60 

mM. 

3.12 
3.25 
3.38 
3.50 
3.63 

0.469 
0.489 
0.508 
0.526 
0.546 

♦AlHbOjl  =  -  6.65 

However,  at  pH  7.30  the  results  of  sodium  hemoglobmate  solu- 
tions (1)  have  indicated  a  value  of  0.67  for  the  ;p^  ratio. 
This  is  higher  than  any  of  the  -^^  values  obtained  in  blood, 
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and  it  appears  probable  that  the  difference  is  outside  the  limits 

of  experimental  error. 

dB 
Also  it  appears  that  the  difference  in  the  value  of     ^hj^j-,q j 

as  determined  at  pH  7.3  in  Bloods  4  and  5,  respectively,  is  out- 


,      .        dlBHCOsl  .       , 
Fig.  5.  From  the  line  through  the  oxygenated  points, p - —  is  calcu- 

,        ,       .       d[BHCO,l    ^ 

lated  as  —22.23.     From  the  line  through  the  reduced  points r-r, —    lor 

dprl 

reduced  blood  is  calculated  as  —21.06. 

The  numbers  near  the  points  indicate  the  data  in  Table  \a  from  which 

they  are  taken. 

side  the  limits  of  experimental  error.  The  experiments  on  these 
two  bloods  were  performed  near  the  end  of  our  work  when  the 
accuracy  of  our  technique  was  at  its  best,  and  a  number  of  points 
on  oxygenated  blood  and  blood  at  a  uniform  degree  of  nearly 
complete  reduction  were  obtained.     Both  bloods  were  oxalated 
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and  othenvise  treated  in  an  identical  manner.     They  were  also 
drawn  from  the  same  horse  at  times  only  3  days  apart.     Yet  the 


dB 


d[HbO«: 
is  0.508. 


ratio  in  Experiment  4  is  0.589,  and  in  Experiment  5 


TABLE  VIo. 
Horse  Blood  No.  6. 


.  Defibrinated. 


Anticoagulant . 

Total  oxygen  capacity ..7. 81  mm. 


No. 

Poi' 

Total  [O2I. 

IHbOsl 

PCO! 

Total 
ICOjI. 

[BHCO3I 

pH 

nun. 

mM. 

TOM. 

mm. 

mu. 

m.\l. 

1 

(140) 

7.86 

7.68 

52.1 

18.32 

16.76 

7.180 

9 

(140) 

7.81 

7.63 

37.2 

15.66 

14.54 

7.265 

3 

(140) 

7.97 

7.79 

25.9 

13.21 

12.43 

7.354 

4 

(140) 

7.91 

7.73 

18.7 

11.23 

10.67 

7.429 

5 

(0) 

0.78 

0.78 

59.8 

21.57 

19.78 

7.193 

6 

(0) 

1.04 

1.04 

43.6 

18.94 

17.63 

7.279 

(0) 

0.98 

0.98 

31.2 

16.52 

15.58 

7.371 

8 

(0) 

1.01 

1.01 

22.8 

14.38 

13.70 

7.452 

*  The  P02  figures  in  this  table  represent  oxygen  tension  of  gas 
tonometers  for  second  saturation,  not  final  tension  determined  by 

TABLE  VI6. 

Horse  Blood  No.  6.    Data  from  Fig.  6. 


placed  in 
analysis. 


pH 

(BHCOjIq 

IBHCOsIr 

A(BHC03l 

AIBHCOsl* 
AlHbOil 

7.2 
7.3 
7.4 
7.5 

TOM. 

16.25 

13.80 

11.37 

8.91 

mM. 

19.54 
17.20 
14.90 
12.59 

mM. 

3.29 
3.40 
3.53 
3.68 

0.4S7 
0.503 
0.522 
0.544 

*A!HbOol  =  -6.76 

There  appear  to  be  factors  present  in  the  blood  which  depress 

the  — ^ ratio  (B  representing  base  bound  by  hemoglobin) 

d[Hb02l 
below  the  value  that  it  has  in  solution  of  sodium  hemoglobinate 
and  bicarbonate,  and  which  depress  it  to  a  variable  extent.     One 
of  these  factors  is  probably  the  difference  in  pH  between  colls 
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and  plasma.     The  pH  values  that  we  have  estimated  in  the  blood 

are  those  of  the  plasma.     The  pH  values  in  the  cells  are  probably 

lower;  and,  as  will  be  brought  out  below,  depression  of  the  pH 

dB 
depresses  the  ,,„,  „  ,  ratio. 

It  may  be  that  the  difference  in  concentration  of  salts  in  the 
blood,  as  compared  with  our  sodium  hemoglobinate  solutions, 
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Fig.  6.  From   the  line   through  the  oxygenated  points  1,   2,3,   and   4, 
dIBHCO 


dpH 

points  5,  6,  7,  and  S 


is   calculated   as    -24.16.     From   the   line  through  the  reduced 
dlBHCOj 


dpH 


for  reduced  blood  is  calculated  as  —23.23. 


The  numbers  near  the  points  indicate  the  data  in  Table  Vlfi  from  which 
they  arc  taken. 

also  afTects  somewhat  the  pK'  values  of  the  acid  group  or  groups 
in  the  hemoglobin  molecule  which  are  altered  by  oxygenation. 
The  c}uestion  as  to  whether  these  two  factors  are  sufficient  to 
account  for  the  observed  variations  in  the  ratio  must  await  the 
accumulation  of  more  data. 
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dlBHCO, 


The  Effect  of  Changing  pH  on  the      ,„,  „ 


Ratio. 


From  Tables  IV6,  \b,  and  \lb  it  will  be  seen  that  the  value 

of  the  ratio  -    ^^f^^^J  increases  with  increasing  pH.     llie 

rates  of  increase  in  the  ratio  per  unit  increase  in  pH  are  0.248, 
0.192,  and  0.190  in  Experiments  4,  5,  and  6,  respectively,  or  about 
0.02  for  each  0.1  change  in  pH  over  the  range  pH  7.5  to  7.1. 

From  the  curves  of  Figs.  4,  5,  and  6  it  is  possible  by  a  method 
of  calculation  already  outlined  by  L.  J.  Henderson  (4)  to  estimate 
the  values  K'r  and  K'o  of  the  monovalent  acid  group  in  the 
hemoglobin  molecule  that  has  its  dissociation  constant  changed 
fiom  Kr  to  Ko  when    reduced  hemoglobin  is  oxygenated,  the 

TABLE  IX. 
Decrease  in  [BHCOi]  per  Gram  Molecule  of  Ox'jgen  Combined  at  Constant  pH . 


Mols  decrease  in 

Experiment  No. 

pH 

Treatment  of  blood. 

[BHCOjI  per  mol 
increase  in  [HbOi]. 

1 

7.30 

Oxalate  +  NaF. 

0.554 

2 

7.275 

"      +    " 

0.548 

3 

7.24 

Defibrinated. 

0.538 

4 

7.30 

Oxalate  +  NaF. 

0.589 

5 

7.30 

a           1         ti 

0.508 

6 

7.30 

Defibrinated. 

0.503 

assumption  being  made  that  only  one  such  group  is  so  changed. 
In  view  of  the  appreciable  differences  observed  between  dilTerent 
bloods,  however,  and  between  blood  and  solutions  of  recrystal- 
lizcd  hemoglobin,  it  appears  preferable  to  let  the  publication  of 
such  calculations  await  further  data. 


SUMMARY. 

1.  The  average  buffer  value  at  pH  7.2  to  7.5  of  three  samples  of 

dB(inM.) 
oxygenated  blood  from  the  same  horse  was  found  to  be     ^  „     = 

25.3,  the  average  value  for  the   same   bloods  in  the   reduced 
condition  being  24.4. 

2.  The  buffer  values  of  each  blood,  the  degree  of  oxygenation 
being  constant,  were  constant  over  the  pH  range  7.2  to  7.5. 
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3.  In  the  oxysenated  blood  the  hemoglobin  was  calculated 
to  be  responsible  for  an  average  of  76.0  per  cent  of  the  total  buffer 
value,  bicarbonate  for  6.9  per  cent.  In  reduced  hemoglobin  the 
figures  were  73.3  and  9.0,  respectively. 

4.  The  difference  in  buffer  value  between  oxygenated  and  re- 
duced blood  is  attributable  to  a  loss  of  buffer  value  at  this  pH 
when  oxyhemoglobin  is  reduced.  The  consequent  loss  to  the 
total  buffer  value  of  the  blood  is  only  partially  compensated 
by  the  increase  in  [BHCO3]  that  accompanies  the  deoxygenation. 

5.  From  the  effect  of  oxygenation  and  reduction  on  the  buffer 
value  of  blood  it  is  estimated  that  if  the  molecular  buffer  value 
of  oxyhemoglobin  is  2.64,  as  found  in  the  preceding  paper,  the 
molecular  buffer  value  of  reduced  hemoglobin  is  2.45. 

6.  At  pH  7.3  the  decrease  in  [BHCO3]  per  added  molecule  of 
oxygen  combined  with  the  hemoglobin  was  found  to  vary  in  six 
bloods  from  0.50  to  0.59,  indicating  that  a  gram  molecule  of  oxy- 
genated hemoglobin  at  this  pH  binds  0.50  to  0.59  more  gram 
equivalents  of  alkali  than  does  reduced  hemoglobin.  The  varia- 
tion between  0.50  and  0.59  is  probably  outside  the  Umit  of  error 
in  these  experiments,  and  is  due  to  variable  factors  not  yet  ascer- 
tained in  the  blood.  The  ratios  observed  in  blood  are  lower  than 
those  observed  in  solutions  containing  only  recrystaUized  hemo- 
globin and  sodium  bicarbonate. 

7.  At  a  given  pH,  with  varying  degrees  of  oxygenation,  the 
displacement  of  base  from  combination  with  bicarbonate  is  in 
simple  direct  proportion  to  the  amount  of  oxygen  combined. 

This  constancy  of  the   ..^^q,  ratio  was  also  found  with  hemo- 
globin solutions  (1). 

8.  Increase  of  pH  over  the  range  7.2  to  7.5  increases  the  amount 
of  alkali  in  a  given  blood  displaced  from  combination  with  bi- 
carbonate (added  to  hemoglobin)  by  1  molecule  of  oxj'gen,  the 
increase  being  at  the  3^^  aQproximately,  0.02  equivalent  of 
alkali  per  0.1  pH  rise. 

9.  No  quantitative  differences  were  detected  between  defibri- 
nated  blood  and  blood  in  which  coagulation  had  been  prevented 
by  addition  of  0.2  per  cent  of  ^aotassium  oxalate  and  0.1  per  cent 
of  sodium  fluoride.- 
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INTHODUCTION. 

In  a  previous  par'er  (Hopkins,  1921)  an  account  was  given  of  the 
isolation  from  yeast  and  from  animal  tissues  of  a  dipeptide  con- 
taining sulfur.  The  constituent  amino-acids  were  shown  to  be 
glutamic  acid  and  cysteine,  and  glutathione  was  suggested  as  a 
convenient  name  for  the  substance.  The  hydrogen  of  the  -  SH 
group  in  the  cysteine  moiety  is,  as  might  be  expected  from  many 
analogies,  capable  of  easy  oxidation.  Since  such  oxidation  results 
in  the  formation  of  a  disulfide  group,  -S-S-,  and  involves  the 
linkage  of  2  molecules,  the  substance  in  its  oxidized  form  is  no  longer 
a  dipeptide  in  a  strict  sense,  but  an  association  of  four  amino-acid 
residues.  It  would  be  consistent  with  the  analogy  of  the  cysteine- 
cystine  nomenclature  to  give  a  separate  name  to  each  form;  but 
it  will  be  convenient,  at  any  rate  until  the  constitution  of  the  sub- 
stance is  completely  established,  to  use  the  name  glutathione  alone, 
and  to  speak  respectively  of  its  reduced  and  oxidized  form. 
Equilibrium  in  the  living  cell  would  seem  to  be  such  that  the 
greater  part  of  the  substance  present  exists  in  the  reduced  condi- 
tion; but  oxidation  and  reduction  of  the  constituent  suKur  groups 
are  reversible  processes  in  the  tissues,  and  both  forms  may  at  any 
moment  be  present. 

A  full  study  of  the  general  chemical  properties  of  the  substance 
is  in  progress.  The  present  communication  is  concerned  with 
observations  meant  to  elucidate  further  its  relations  and  functions 
in  the  living  cell  and  for  the  most  part  only  with  experunental 
results  which  have  shown  that  its  activities  are  associated  in  an 
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unexpected  manner  and  to  a  remarkable  extent  with  tissue  agencies 
which  are  thermostable. 

A  word  may  be  said  as  to  the  terminology  used  in  the  discussion 
of  the  facts.     In  the  case  of  a  system  containing  a  tissue  catalyst, 
together  with  substances  susceptible  to  oxidation  under  the  in- 
fluence of  such  a  catalyst,  it  is  difficult  without  detailed  knowl- 
edge to  find  criteria  concerning  the  nature  of  the  system  which 
will  fully  distinguish  between  different  possibilties  suggested  in 
views  that  are  at  present  held.     If,  indeed,  the  oxidation  occurs 
only  upon  access  of  free  oxygen  it  is  legituuate  in  the  present 
state  of  knowledge  to  assmne  that  an  "oxidase"  system  is  in- 
volved, of  the  type  pictured  by  Engler,  Bach,  Chodat,  and  others. 
If,  however,  (a  reducible  substance  being  present  or  artificially 
provided)  oxidation  occurs  also  indirectly  under  strictly  anae- 
robic conditions,  the  suggestion  then  is  that  the   catalyst  acts 
either  as  one  determining  simultaneous  oxidation  and  reduction 
by  means  of  the  elements  of  water,  as  suggested  by  Bach;  or  it 
may  act  rather  (the  distinction,  in  certain  cases  at  least,  being  real) 
by   determining  the  transfer  of  hydrogen  from  an  oxidizable 
substance  to  a  reducible  substance  on   the  lines   suggested  by 
Wieland  (1914).     It  is  impossible  without  knowing  full  chemical 
detaUs  concerning  the  reaction  or  reactions  involved  to  decide 
between  the   last  two   possibilities.    For   the   purpose   of   the 
following  discussion  it  is  extremely  convenient  to  assume  the  view 
of  Wieland  and  to  employ  the  related  terminology  of  Thunberg 
(1920);  to  speak,  that  is,  of  the  substance  oxidized  as  the  "hydro- 
gen donator"  and  of  the  substance  reduced  as  the  "hydrogen 
acceptor."     Under  aerobic  conditions  the  acceptor,  of  course, 
may  be  oxTgen  itself.     When,  however,  the  term  hydrogen  donator 
is  used  it  should  be  remembered  that  in  any  particular  case  under 
consideration  the  term  oxygen  acceptor  might  better  correspond 
with  the  facts.    No  essential  confusion,  as  a  matter  of  fact,  arises, 
when  only  general  aspects  of  the  phenomena  are  under  discussion, 
if  these  two  terms  lie  taken  as  equivalent. 

Into  Wieland's  conception  of  hydrogen  transport  the  properties 
of  the  sulfur  group  of  glutathione  fit  with  special  readiness.  It 
will  be  found,  however,  that  the  facts  now  to  be  described  suggest 
that  the  activities  of  the  dipeptide  seem  but  little  concerned  with 
those  of  any  recognized  type  of  tissue  catalyst. 
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The  experiments  upon  which  this  paper  is  based  have  dealt 
chiefly  with  amphibian  and  mammahan  muscle;  but  less  complete 
observations  upon  other  animal  tissues  have  indicated  that  the 
essential  statements  hold  true  for  these  also. 

Reduced  glutathione,  at  suitable  hydrogen  ion  concentrations, 
is  oxidized  by  molecular  oxj'gen,  and  under  similar  conditions  it 
freely  reduces  methylene  blue.  On  the  other  hand,  as  was  shown 
in  the  previous  communication,  factors  are  present  in  the  tissues 
which  promptly  reduce  the  oxidized  product  whenever  its  con- 
centration is  raised  above  an  equilibrimn  value. 

While,  therefore,  the  sulfydryl  group  of  the  dipeptide  con- 
stitutes one  at  least  of  the  reducing  agents  of  the  tissues,  its  special 
significance  depends  upon  the  circumstance  that  when  it  transfers 
its  hydrogen  to  molecular  oxygen,  or  to  such  an  acceptor  as 
methylene  blue,  it  is  itself  reduced  afresh  by  normal  tissue  agencies. 
A  continuous  transfer  of  hydrogen  is  thus  established  and,  as 
should  be  noted,  at  a  velocity  much  greater  than  that  with  which 
the  hydrogen  is  directly  transferred— if  it  be  transferred  at  aU— 
to  the  acceptor  from  the  particular  sources  concerned. 

In  so  far  as  they  relate  to  the  reduction  of  methylene  blue  these 
facts  were  estabhshed  by  observations  described  in  the  first  paper. 
Further  experiments  have  shown  that  they  hold  true  when  the 
final  acceptor  is  atmospheric  oxygen. 

An  experimental  analysis  of  vital  ox-idations  must  involve  more 
than  the  isolation  of  intermediary  oxidation  products.  It  is  clear 
from  what  is  known  that  some  analysis  of  the  oxidative  mechan- 
isms is  possible  as  well  as  desirable. 

The  acquisition  of  interesting  facts  by  the  study  of  tissues 
before  and  after  they  have  been  merely  extracted  with  water  has 
justified  some  attempt  at  analysis  on  these  shnple  lines.  Just  as 
it  helped  Harden  and  Young  to  a  recognition  of  the  cofennent  of 
alcoholic  fermentation,  so  has  this  method  enabled  Meyerhof 
(1918),  to  show  that  two  factors,  at  least,  are  concerned  m  the 
maintenance  of  respiratory  oxidations,  and  Batelli  and  Stern 
(1914)  to  demonstrate  a  distinction  between  soluble  and  insoluble 
catalysts  in  the  tissues.  Further,  by  the  use  of  the  same  simple 
procedure,  involving  the  removal  by  washing  of  the  soluble  hy- 
drogen donators  present,  and  the  restoration  of  the  lost  reducing 
power  by  the   addition   of   substances   of   known   constitution, 
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Tlumberg  has  thrown  hght  upon  intermediary  products  as  well 
as  upon  certain  aspects  of  the  oxidative  mechanism.  ^ 

A  fresh  tissue,  when  very  thoroughly  washed,  fails  to  reduce 
methylene  blue  or  reduces  it  very  slowly.  The  washing  removes 
inter  alia  the  greater  part  of  its  content  of  glutathione.  When, 
under  suitable  conditions  the  dipeptide  is  alone  restored  to  the 
system,  a  considerable  part  of  the  original  reducing  power  is  also 
restored,  just  as  completely— it  should  be  noted— when  the 
added  dipeptide  is  in  the  oxidized  form  (containing,  therefore, 
no  mobile  hydrogen)  as  when  it  is  added  already  reduced.^  _  This 
fundamental  fact,  demonstrated  by  observations  described  in  the 
first  paper,  has  been  confirmed  by  a  great  number  of  later  experi- 
ments. Evidence  is  supplied  in  the  present  paper  to  show  that  the 
dipeptide  under  these  circumstances  does  not  itself  act  as  a  primary 
hydrogen  donator.  The  changes  its  molecule  undergoes  are 
strictly  reversible  and  involve  the  oxidation  and  reduction  of  the 
sulfur  group  alone. 

Since  a  preparation  of  fresh  tissue  rendered  almost  incapable  of 
reducing  methylene  blue  by  thorough  washing  with  cold  water 
stm  reduces  the  oxidized  form  of  the  dipeptide  and  in  conjunction 
with  the  latter  actively  reduces  the  dye,  it  must  presumably  stiU 
contain  sources  of  labile  hydrogen. 

It  was  during  an  endeavor  to  ascertain  the  nature  of  these  by 
the  use  of  various  solvents— among  them  boiling  water  and 
alcohol— that  the  remarkable  stability  of  a  residual  tissue  system 
capable  of  acting  in  conjunction  with  the  sulfur  groups  of  the 
dipeptide  was  first  observed. 

A  Thermostable  Reducing  System  in  Tissues. 

A  mass  of  chopped  muscle  after  it  has  been  very  thoroughly 
washed  with  cold  water  may  be  heated  for  hours  in  water  at 
100°C.  or  repeatedly  extracted  with  boiling  water  and  finally 
dehydrated  with  alcohol,  dried  in  vacuo,  and  ground  to  a  fine 
powder  without  losing  more  than  a  fraction  of  that  part  of  its 

'  In  all  our  experiments  the  substance  has  been  used  in  the  oxidized 
form  Its  effect  in  accelerating  reduction  or  oxygen  uptake  must  then 
be  due  to  its  special  relations  with  the  tissue  or  tissue  residue.  If  added 
in  the  reduced  form  its  own  reducing  power  must  be  allowed  for. 
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reducing  power  which  depends  upon  the  presence  of  ghitathione. 
Especially  is  this  true  if  the  treatment  just  described  is  earned 
out  without  contact  with  oxygen. 

A  preparation  from  muscle  after  undergoing  such  treatment 
may  fail  by  itself  to  reduce  methylene  blue  under  any  circum- 
stances. But  if  it  be  placed  in  a  dilute  solution  of  glutathione  and 
especially  if,  as  in  our  experiments,  it  is  suspended  in  a  phosphate 
buffer  solution  of  which  the  hydrogen  ion  concentration  is  around 
about  7  to  8,  and  to  which  glutathione  in  its  oxidized  form  has 
been  added  in  amount  equal  to,  say,  10  mg.  per  gm.  of  tissue  used, 
a  system  is  established  which  reduces  with  rapidity. 

The  results  of  an  actual  experiment  may  be  quoted  here;  others 
of  a  similar  nature  are  more  fully  described  in  a  later  section. 

The  muscles  from  two  freshly  killed  rats  were  passed  through  a 
mincing  machine  and  the  finely  divided  tissue  was  washed  ten 
times  with  distiUed  water  by  shaldng  in  a  stoppered  cylinder  m 
which  the  air  above  the  fluid  was  replaced  by  nitrogen  each  tmie 
the  water  was  renewed.  A  portion  of  the  tissue  was  at  this  stage 
reserved,  (a),  and  the  rest  was  heated  for  2  hours  anaerobically  m 
twice  its  own  bulk  of  water  at  100°C.  A  portion  being  again 
reserved,  (b),  the  rest  was  boiled  out  six  times  with  successive 
quantities  of  water,  (c) .  At  each  of  the  three  stages  mentioned  the 
muscle  residue  after  the  treatment  with  water  was  washed  with 
95  per  cent  alcohol  and  dried  in  vacuo  over  sulfuric  acid.  All  three 
preparations  were  then  finely  powdered  and  sampled. 

With  equal  quantities  of  dry  tissue  and  of  methylene  blue^  in 
each  case  (for  details  see  the  Experunental  section)  the  reducing 
thne  of  (a)  by  itself  was  3\  hours  and  of  (b),  5^  hours;  (c)  showed 
no  observable  reducing  power. 

Under  precisely  shnilar  conditions  but  with  the  addition  of  10 
mg.  of  oxidized  glutathione  per  gm.  of  dried  tissue,  (a)  reduced  in 
28  minutes,  (b)  in  24  minutes,  and  (c)  in  24  minutes  (see  also 
Series  2  a).  The  reducing  system  which  works  in  conjunction 
with,  and  only  in  conjunction  with,  the  sulfur  groupings  could 
have  suffered  scarcely  at  all  from  the  severe  treatment  described, 
as  in  each  case  the  velocity  of  reduction  remained  practically  the 
same  when  glutathione  was  restored  to  it.  The  thermostability 
of  a  cataljiic—or  quasi-catal\-tic— system  in  the  tissue  is  indeed 
remarkable. 
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Whatever  the  nature  of  the  factors  comprised  in  the  system  it 
would,  we  think,  be  wholly  wrong  to  look  upon  them  as  other  than 
physiological. 

It  is  possible  even  with  fresh  unwashed  muscle  to  show  that 
raising  the  concentration  of  glutathione  accelerates  reduction  by 
the  tissue,  but  in  this  case  a  relatively  large  amount  should  be 
added.     Otherwise,  the  mechanism  with  which  it  is  especially 
concerned  is  merged  in  the  general  reducing  power  of  the  tissue  and 
the  effect  may  not  be  pronounced.     After  slight  washing,  sufficient 
to  remove  only  a  part  of  the  dipeptide,  the  effect  of  restoring  it 
comes  immediately   to   light.     Thorough  washing   at   ordinary 
temperature  removes  nearly  the  whole,  and  then  the  effect  of 
suppb^ng  it  is  nearly  at  a  maximum.     As  we  have  just  seen,  the 
effect  is  the  same  after  the  tissue  has  been  finally  submitted  to 
boihng  water.     At  each  stage  of  the  treatment  factors  are  shown 
to  be  present  which  reduce  only  with  the  coagency  of  glutathione 
and  by  the  time  the  latter  has  itself  been  washed  away  the  only 
remaining  factors  of  this  sort  left  in  the  tissue  prove  to  be  entirely 
insoluble  and  thermostable.     It  does  not  follow,  of  course,  that 
these  are  the  only  factors  having  this  special  dynamic  association 
with  the  suKur  groupings  of  the  dipeptide.     Other  hydrogen 
donators  may  be  soluble  in  cold  water  and  so  be  washed  away 
during  the  removal  of  the  dipeptide  itself.     But  the  thermostable 
factors  are  quantitatively  the  more  important  and  once  the  tissue 
has  been  extracted  with  cold  water  they  seem  to  be  the  only  ones 
left.     All  the  evidence  points  to  the  circumstance  that  these 
thermostable  factors  act  with  glutathione  in  the  intact  tissue. 
It  is  highly  noteworthy  in  this  connection  that  such  tissue  prep- 
arations after  thorough  extraction  with  boiling  water,  can,  in  the 
presence  (though  only  in  the  presence)  of  glutathione  and  under 
controlled    conditions,    continuously   absorb   oxygen   and    yield 
carbon  dioxide.     They,  m  a  limited  sense  at  any  rate,  "respire." 
The  thermostable  tissue  residues  actively  reduce  the  oxidized 
form  of  the  dipeptide   (as  can  easily  be  shown,  especially  in 
anaerobic  experiments,  by  the  development  of  the  nitroprusside 
reaction  which  is  given  by  the  reduced  form  alone).     Otherwise 
the  system  which  "respires, "  or  reduces  methylene  blue,  could  not 
be  established.     Such  residues  it  would  seem  must  contain  hydro- 
gen donators  and,  presumably,  some  form  of  primary  catalytic 
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system  for  which  the  glutathione  is  a  coagent.  If  so,  the  catalytic 
system  is  remarkably  stable  and  the  hydrogen  donators  ex- 
ceedingly insoluble  in  water.  The  factors  present  in  the  tissue 
residue  "together  with  the  glutathione  constitute  what  may  be 
called  the  thermostable  reducing  system  of  the  tissue.  It  should 
be  understood  that  this  contributes  not  a  negligible  fraction,  but  a 
quite  noteworthy  amount  to  the  total  reducing  power  and  "respira- 
tion" of  the  tissue. 

Effects  of  Oxygen  on  the  Thermostable  System. 

The  residual  tissue  system  which  shows  itself  to  be  so  highly 
.thermostable,  and  is  activated  by  glutathione,  is  sensitive  to 
oxidation.  The  dry  powder  when  kept  in  stoppered  bottles  only 
very  slowly  loses  its  power  of  transferring  hydrogen  to  the  sulfur 
groups  of  the  dipeptide.  On  exposure  to  the  air  in  thin  layers 
this  property  is  lost  with  somewhat  greater  rapidity.  It  is 
natural  to  suppose  that  the  change  is  due  to  the  slow  oxidation 
of  the  relatively  laljile  hydrogen  atoms  which  in  the  presence  of 
glutathione  are  so  rapidly  activated  and  transferred  to  other 
acceptors. 

To  hydrogen  peroxide  the  thermostable  tissue  preparations  are 
exceedingly  sensitive.  A  single  observation  may  be  quoted  in 
support  of  this  statement. 

A  dry  muscle  powder  (2  gm.)  which  in  the  presence  of 
glutathione  originally  reduced  methylene  blue  with  high  velocity 
was  placed  for  15  minutes  in  50  cc.  of  a  0.5  per  cent  solution  of  the 
peroxide  and  occasionally  shaken.  It  was  filtered  off  and  very 
thoroughly  washed  with  water  until  neither  the  washings  nor  the 
powder  itself  showed  any  trace  of  peroxide  or  of  active  oxygen 
by  the  use  of  the  most  delicate  tests.  It  was  then  dried  in  vacuo. 
All  capacity  to  reduce  methylene  blue  in  the  presence  of  gluta- 
thione was  found  to  be  lost,  though  a  control  specimen  of  the 
powder,  after  equally  thorough  washing  with  water,  was  found 
to  have  lost  none  of  its  reducing  power. 

Related  to  the  above  facts  are  others  which  bear  directly  on  the 
properties  of  the  dipeptide.  A  thermostable  preparation  from 
muscle  made  on  the  lines  already  described  and  in  the  form  of  a 
dry  powder,  although  not,  as  already  stated,  entirely  resistant  to 
the  influence  of  atmospheric  oxygen,  may  yet  be  suspended  in,  say, 
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a  phosphate  buffer  solution  of  pH  7.4,  and  aerated  for  some  hours 
at  room  temperature  with  a  stream  of  air,  without  losing  more  than 
a  small  fraction  of  its  powers  to  reduce  methylene  blue  anaero- 
bically,  when  subsequently  supplied  with  oxidized  glutathione. 
But  suppose  a  few  mg.  per  gm.  of  tissue  of  glutathione  (wholly 
absent  from  the  original  thoroughly  extracted  tissue)  be  added 
to  the  buffer  solution  before  the  aeration.  It  will  now  be  found 
that,  after  even  relatively  brief  exposure  to  an  air  stream  at  room 
temperature,  the  tissue  will  have  wholly  lost  its  power  to  reduce 
under  anaerobic  conditions.  This  is  found  to  be  the  case  if  it-  be 
tested  in  the  presence  of  the  glutathione  as  originally  added  before 
the  aeration,  or  on  the  other  hand,  if  in  order  to  make  the  condi- 
tions comparable  with  those  of  other  experiments,  it  be  first 
washed,  dried,  and  supplied  with  fresh  dipeptide. 

Such  results  indicate  clearly  that  the  thermostable  extracted 
residues  from  muscle  contain  oxidizable  material,  or,  keeping  to 
the  point  of  vie\v  and  terminology  chosen  for  the  purposes  of  our 
discussion,  such  residues  still  retain  transponible  hydrogen  for 
which  molecular  oxygen,  no  less  than  methylene  blue,  can  act  as 
acceptor.  The  results  show  also  that  transport  to  oxygen  is  as 
greatly  accelerated  by  the  presence  of  the  suffur  group  of  gluta- 
thione as  is  transport  to  methylene  blue. 

It  is  clearly  desirable  that  in  such  a  connection  quantitative 
data  should  be  obtained,  especially  because  with  oxygen  the 
changes  involved  can  be  made  to  proceed  to  completion  instead 
of  ceasing  at  an  unknown  equilibrium  point,  as  in  the  case  of  the 
anaerobic  observations  made  with  methylene  blue  in  closed  tubes. 
For  this  purpose  we  employed  the  well  known  differential  ap- 
paratus of  Barcroft  (see  Series  6  and  7  in  the  next  section). 

Suspended  in  phosphate  buffer  solutions  of  pH  7  to  8  and  shaken 
with  air,  such  thermostable  preparations  as  we  have  described  are 
found  bv  themselves  to  take  up  oxygen  with  extreme  slowness  or 
not  at  all.  If,  however,  oxidized  glutathione,  showing  by  itself, 
of  course,  no  oxygen  uptake,  be  added  to  the  suspension  fluid  m 
amounts  equal  to,  say,  10  mg.  per  gm.  of  dried  tissue,  a  brisk  up- 
take of  oxygen  occurs.  Varying  with  the  amount  of  glutathione 
added,  and,  of  course,  with  the  temperature,  the  time  required 
for  the  oxidation  to  reach  completion  is  in  the  case  of  0.5  gm.  of 
tissue  "from  1  to  5  hours.     The  total  uptake  is  of  the  order  of 
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400  c.mm.  of  oxj^gen  per  gm.  of  dried  muscle  residue.  In  a 
later  discussion  it  will  be  shown  that  this  represents  a  by  no  means 
unimportant  fraction  of  the  normal  respiratory  uptake  of  the 
tissue  from  which  the  preparation  was  made.  Significant  is  the 
fact  that  the  uptake  of  oxygen  is  associated  with  the  production 
of  carbon  dioxide  in  definite  amount. 

It  is  difficult  to  decide  what  type  of  material,  oxidizable  by 
atmospheric  oxygen  in  the  absence  of  an  enzjone,  but  requiring 
for  its  oxidation  the  aid  of  glutathione,  can  thus  remain  associated 
with  a  tissue  residue  after  very  thorough  extraction  with  hot  water 
and  alcohol.  Until  this  is  decided,  the  full  significance  of  the 
phenomena  described  in  this  paper  will  not  be  understood.  It  is 
remarkable  that  the  respiratory  quotient  (if  in  such  a  connection 
the  term  may  be  allowed)  of  the  extracted  muscle  tissue  is  not 
constant  during  the  course  of  the  oxygen  uptake,  but  gradually 
falls  from  high  to  lower  values.  An  endeavor  to  determine  what 
is  oxidized  in  and  bj'  the  thermostable  system  is  -in  progress. 

In  the  particular  instance  of  muscle,  one  point  in  connection 
with  the  oxidations  which  occur  in  the  thermostable  residue, 
though  it  is  probably  a  minor  one,  is  worth}-  of  mention. 

In  the  case  of  yeast,  and,  almost  certainly,  in  the  case  of  cellular 
animal  tissues  such  as  hepatic  and  renal  tissue,  the  substance 
responsible  for  the  nitroprusside  reaction  given  by  the  fresh 
tissue,  is  wholly  removable  by  extraction  with  water.  The  reac- 
tion is  apparently  wholly  due  to  the  reduced  glutathione  present. 
In  muscle  fiber  this  is  not  the  case.  After  the  dipeptide  has  been 
completely  removed  frour  muscle  the  fibers  still  yield  a  strong 
nitroprusside  reaction.  The  character  of  the  reaction  leaves 
little  doubt  that  it  is  due  to  a  suKydrjd  group,  and  the  suggestion 
is  that  one,  at  least,  of  the  muscle  proteins  contains  cysteine 
instead  of  cystine  in  peptide  association.  If  so,  the  case  is 
exceptional.  As  is  well  known,  the  proteins  of  the  blood  and  con- 
nective tissue  give  no  reaction,  and  though  it  is  difficult  perhaps  so 
to  wash  a  cellular  organ  as  to  obtain  an  absolutely  negative  result, 
the  residual  reaction  is  so  slight  that  it  may  well  be  due  to  remain- 
ing traces  of  adsorbed  glutathione.     This  is  not  so  with  muscle. 

In  any  case  the  fixed  —  SH  group  in  the  muscle  fiber  can  exert 
none  of  the  fuiactions  subserved  by  that  present  in  the  soluble 
dipeptide.     The   extracted  residues  which  give  in  all  cases  a 
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strong  nitroprusside  reaction  are,  as  we  have  seen  by  themselves 
Ite  incapable  of  reducing  methylene  blue  or  of  talong  up  oxyg  n 
In  interesting  phenomenon  in  which  both  the  "fixed"  sulfur 
^  up  a'd  the  sulfur  group  of  glutathione  are  concerned  may  be 
elsilv  observed.    The  sulfydryl  as  it  exists  m  the  tissue  residue 
itself  scarcely  at  all  autooxidizable.    When  the  muscle  residue  is 
suspended  in  water  or  buffer  solutions  and  the  suspension  thor- 
"Xaerated.  or  when  it  is  shaken  in  a  Barcroft  apparatiis 
a    in  the  experiments  just  described,  the  nitroprusside  reaction 
surges  ahnost  indefinitely.     If,  however,  glutathione  be  added 
:  ^solution  before  the  aeration,  the  fixed  -SH  -  oxtelisTue 
the  strong  nitroprusside  reaction  originally  given  by  the  tissue 
eSdu;  rapidly  disappears.     One  of  ^1- tissue  constiUients^^^^^^^^ 
the  oxidation  is  catalyzed  by  the  suKur  group  ^[^if'^^l^ 
therefore   itself  a  sulfur  group.^    It  is  clearly  not  the  only  con 
Suenl  so  oxidized  because  the  "respiration"  of  the  thermostable 
residue  involves  always  the  production  of  carbon  dioxide. 

Oxygen  Uptake  by  Washed  but  Unhealed  Tissue. 

In  discussing  the  influence  of  glutathione  i'^  P™"^"*^^  °2;,f^^ 
uptake  we  have  hitherto,  for  convenience  -/-™;^  f  ^^^^^^^^ 
chiefly  to  its  effect  upon  heated  tissue  residues.     Since  it  acts 
with   these  it  would   be   expected  to  act  with  tissues  simply 
washed      It  undoubtedly  does  so;  but  for  the  clear  display  of  thi 
nroperty  certain  experimental  conditions  must  be  secured      I 
muscle    at  r  thorough  washing  with  cold  water,  but  without 
Turth  r'  treatment,    be  supplied  with   glutathione    and    shaken 
i^  a  Barcroft  appa  atus  under  conditions  similar  to  those  already 
descried    an  uptake  of  oxygen  is  observed;  but  it  is  slow  and  ir- 
•  Suhr      If ,  however,  the  washed  residue  be  first  extracted  with 
ak^ho  ■  or    f  it  receive  only  a  very  brief  preliminary  treatment 
w  th  alcohol-the  alcohol  being  then  completely  i^moved  by  fu. 
Ther  washing  with  watei-the  moist  residue  will   now,   in   the 
nre  ence  of  glutathione  show  a  steady  uptake  of  oxygen,  which  f 
?ue  allowance  be  made  for  any  variation  in  the  water  content, 

,      T,-  „„  onri  Tnnnicliffe  on  the  conditions  controlling  the 
.A  paper  '^^^^-^f ^^^^wi^  2^^^^      be  published  from  this  labo- 
:afo:;:c"o:;a^n?r^rurwhich  bear  upon  the  above  phenomenon. 
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will  be  found  equal  to  the  uptake  of  a  heated  preparation.  This 
correspondence  is  easily  shown  if  the  unheated  and  heated  pre- 
parations are  both  emploj-ed  in  the  form  of  a  dry  powder.  There 
seems  to  be  little  doubt  that  the  effect  of  the  preliminary  treatment 
is  on  permeabiUty.  Heat  and  treatment  with  alcohol  seem  to 
influence  this  on  similar  lines.  It  is  noteworthy  that  although, 
as  we  have  repeatedly  stated,  a  washed  residue  without  treatment 
establishes  with  the  dipeptide  a  system  which  actively  reduces 
methylene  blue  yet  even  in  this  case  prehminary  washing  with 
alcohol  or  heating  to  100°C.  increases  the  velocity  with  which  the 
system  reduces. 

The  Stability  of  Glutathione. 

It  is  important  for  proper  appreciation  of  the  part  played  by  the 
dipeptide  in  the  phenomena  we  have  described,  to  realize  that 
when  its  addition  evokes  activity  in  inactivated  tissue  prepara- 
parations,  this  is  not  because  it,  itself,  acts  as  a  primarj'  hydrogen 
donator  or  ox>'gen  acceptor.  Its  molecule  is  not  oxidized  in  the 
sense  that,  say,  succinic  acid  is  oxidized  by  isolated  tissues,  or  in 
the  sense  that  the  various  substances  studied  by  Thunberg  are 
oxidized  anaerobically  by  washed  tissue  in  the  presence  of  methy- 
lene blue.  As  Thunberg  found  that  glutamic  acid,  one  of  its 
constituent  amino-acids,  is  so  oxidized,  it  might  be  expected  that 
the  dipeptide  would  suffer  the  same  fate.  This  is  not  so.  To 
judge,  at  least  from  experiments  with  excised  tissue,  its  molecule 
as  a  whole  is  stable.  In  its  case  hydrogen  attached  to  carbon  is 
not  mobilized,  but  only  that  attached  to  sulfur.  The  reversible 
change  from  the  suhydryl  to  the  disulfide  grouping  is  the  essential 
happening. 

In  proof  of  this  statement  we  rely  in  particular  upon  the  study 
of  equilibria.  When  in  anaerobic  experiments  with  washed  tissue 
and  methylene  blue  a  substance  which  acts  as  a  prunary  hj^drogen 
donator  is  added  to  the  sj'stem  (succinic  acid,  for  instance,  as  a 
precursor  of  fmnaric  acid)  the  amount  of  methylene  blue  reduced 
when  equilibriimi  is  reached  will  naturaUj-  be  proportionate  to 
the  amount  of  donator  supplied.  This  is  not  the  case  when 
glutathione  is  in  question.  The  final  equilibrium  in  the  system  is 
quite  independent  of  the  amount  present.  This  is  clearly  seen 
from  the  results  of  a  series  of  observations  (Series  3)  in  the  next 
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section  An  8-fold  increase  in  the  concentration  (the  weight  of 
tissue  being  the  same)  is  seen  to  have  no  effect  whatever  ^.pon  he 
amount  of  methylene  blue  finally  reduced.  On  the  other  hand  the 
velocity  of  reduction  increases  with  the  concentration  of  the  dipep- 
tide  Such  results  are  consistent  with  the  properties  of  a  sub- 
stance concerned  with  hydrogen  transport  on  the  hnes  assumed  m 
the  course  of  this  discussion,  but  the  facts  could  not  apply  to  one 
acting  as  the  primary  hydrogen  donator.  ^      .  ^,       «  „+, 

Equally  definite  evidence  is  obtained  from  a  study  of  the  effects 
of  varying  the  concentration  upon  the  oxygen  uptake  of  a  tissue 
residue  The  results  of  Series  7,  for  instance,  show  that  a  4-fold 
increase  in  the  concentration  of  glutathione,  whUe  increasing  the 
velocity  of  uptake,  made  no  difference  to  the  amount  of  oxygen 

ultimately  taken  up. 

It  may  be  well  to  point  out  that  tissue  preparations  have  no 
power  to  oxidize  glutathione  as  the  result  of  such  surface  activity 
as  that  involved  in  the  oxidation  of  amino-acids  by  charcoal. 

Warbur-'  has  recentlv  demonstrated  that  various  substances 
including  "certain   amino-acids,   such   as  leucine,   tjTOsme    and 
cystine,  are  completely  oxidized  when  their  solutions  are  shaken 
with  blood  charcoal  in  the  presence  of  air.    No  such  property  as 
this  belongs  to  the  tissue  residues  either  when  moist  or  when  they 
have  been  dried  and  ground  to  a  fine  powder.    We  cmild  discover 
at  least  no  trace  of  ammonia  or  carbon  dioxide  production  when 
leucine  or  tyrosine  solutions  were  shaken  for  long  periods  m    he 
presence,  e.g.  of  a  dried  muscle  powder  supended  in  the  fluul 
Warburg  obtained  striking  results  with  cystine.     In  this  case  the 
behavior  of  a  tissue  residue  differs  entirely  fi-om  that  o   charcoal. 
It  reduces  the  cystine  to  cysteine  and  then  follow  effects  qualita- 
tively similar  to  those  observed  with  glutathione. 

The  Relation  of  Glutathione  to  other  Respiratory  Systems. 
The  total  reducing  power  of  any  tissue  represents  doubtless  the 
sum  of  the  activities  of  several  different  types  of  chemical  mechan- 
ism This  is  equally  true  of  its  total  capacity  for  oxygen  con- 
sumption. It  is  becoming  evident,  indeed,  in  a  greater  number  ot 
cases  than  was  previously  recognized,  that  a  catalytic  agency  which 

3  Warburg,  O.,  and  Ncgelein,  E.,  Biochcni.  Z.,  1921,  cxiii,  257. 
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promotes  a  respiratory  process  may  be  one  which  under  other 
conditions  is  responsible  for  reductions. 

A  cold  water  extract  of  a  tissue  contains  those  oxidizing  agencies 
which  are  at  present  known  more  particularly  as  "oxidases"— 
the  alcoholase  of  BateUi  and  Stern,  catalysts  of  the  tyrosinase 
type,  purine  oxidases,  and  the  like.  To  these,  or  to  some  of  them, 
and  to  the  simultaneous  presence  of  substances  upon  which  they 
act  (individually  present  in  minute  amounts)  a  cold  water  extract 
of  a  tissue  owes  part  of  its  reducing  power.  Morgan,  Stewart, 
and  Plopkins  (1922),  for  instance,  have  shown  that  tissue  extracts 
oxidize  xanthine  and  hypoxanthine  anaerobically  in  the  pres- 
ence of  methylene  blue,  the  latter  acting  as  the  hydrogen  acceptor 
in  what  is  probably  a  hydrolytic  oxidation-reduction  process. 
There  is  no  good  reason  to  suppose  that  the  catalyst  here  concerned 
is  distinct  from  the  xanthine  "oxidase"  of  other  authors.  Its 
action  has  usually  been  studied  under  aerobic  conditions  when 
oxygen  instead  of  methylene  blue  becomes  the  hydrogen  acceptor. 
The  point,  however,  that  we  wish  to  emphasize  here  is  that  so 
far  as  we  have  been  able  to  discover,  glutathione  exercises  no 
functions  in  connection  with  oxidizing  agencies  of  this  type.  If, 
at  any  rate,  it  be  added  to  a  cold  water  ex-tract  of  muscle  the 
velocity  with  which  such  an  extract  reduces  methylene  blue  is, 
at  most,  but  slightly  accelerated.  The  suKur  group  seems  to  have 
no  relation  with  the  soluble  tissue  enzjines. 

As  is  well  known,  Batelli  and  Sterns  have  distinguished  from  the 
soluble  oxidases  certain  insoluble  agencies  in  the  tissues  which 
they  have  called  oxydones.  The  activities  of  these  are,  so  far  as 
we  know  at  present,  associated  with  the  tissue  structure  as  left 
after  ex-traction  with  cold  water.  Such  agencies  may  represent 
something  more  than  the  equivalent  of  specific  enzj-nies;  they 
may  comprise  surface  effects  or  other  such  factors.  It  is  abun- 
dantly certain,  however,  that  annual  tissues  after  the  most  complete 
extraction  with  cold  water  retain  unstable  oxidation-reduction 
mechanisms  possessed  of  marked  activity.  Their  activity  can  be 
demonstrated  either  by  the  occurrence  of  direct  oxidation  in  the 
presence  of  air  or  by  indirect  anaerobic  oxidations  brought  about 
in  the  presence  of  such  a  substance  as  methylene  blue.  The  sys- 
•  terns  in  question  are  thermolabile  and  characteristically  unstable. 
It  is  by  means  of  mechanisms  of  this  class  that  excised  tissues  so 
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readily  oxidize  succinic  and  citric  acids  (Thunberg,  and  Batelli 
and  Stern)  and  probably  by  similar  means  many,  if  not  all,  of  the 
substances  in  the  extended  list  recently  studied  by  Thunberg  are 

oxidized.  .  . 

With  these  insoluble  but  unstable  catalj-tic  mechanisms,  as 
with  the   soluble    catalysts,   the  sulfur  constituent   of  the   cell 
would  again  seem  to  have  no  concern.     Studymg  at  any  rate  the 
typical  clises  of  the  oxidation  of  succinic  and  citric  acids,  or  rather, 
the   power  of  these  substances  to  act  as  oxygen  acceptors   (or 
hydro-en  donators)  in  the  process  of  methylene  blue  reduction, 
we  have  found  that  glutathione  exerts  in  these  connections  no 
influence.     The  washed  tissue  with  little  or  no  reducmg  power  of 
its  o^-n  reduces  actively  when  succinic  acid  is  supplied.     If  to  this 
combination  glutatliione  is  also  supplied  the  effects  observed  are 
merely  additive  (Series4).     It  wouldseem  indeedthat  thepower  to 
reduce  the  disulfide  ( -  S  -  S  - )  group  to  the  sulf ydrjd  group  ( -  SH) 
and  thus  to  establish  with  glutathione  a  system  winch  can  trans- 
port hydrogen  to  methylene  blue,  or  on  the  other  hand  a  system 
which  is  autooxidizable,  is  to  a  peculiar  degree  attached  to  agencies 
which  arc  not  enzymes  and  are  neither  extracted  nor  destroyed 
by  boihng  water.     Furthermore,  we  have  so  far  been  unable  to 
prove  with  certainty  that  any  known  soluble  tissue  constituent  or 
metabolite  is  oxidized  under  the  influence  of  the  system  constituted 
by  the  thermostable  residue  plus  glutathione.     No  pure  substance 
yet  tried  has  by  its  addition  to  the  system  increased  the  amount 
of  methylene  blue  it  can  reduce  or  added  to  its  total  oxygen  uptake. 
Nevertheless,  we  have  so  fractionated  and  concentrated  aqueous 
muscle  extracts  as  to  obtain  preparations  which  do  affect  equilib- 
rium in  the  system  to  a  marked  degree. 
The  Relation  of  Glutathione  to  the  Aimungskorper  of  Meyerhof. 

There  seemed  from  the  first  to  be  grounds  for  supposing  that 
glutathione  with  its  active  sulfur  group  might  be  identical  with 
the  ''respiratory  substance"  (Atmungskorper)  of  Otto  Meyerho. 
(1918)  or,  atleast,  form  part  of  a  chemical  system  described  under 
that  name.  Since  the  first  brief  account  of  the  properties  of  the 
dipeptide  was  published  this  possibility  has  occurred  to  others. 

*  Compare  Dakin,  H.  D.,  Physiol.  Rev.,  1921,  i,  403. 
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3  years,  indeed,  before  glutathione  was  isolated,  Meyerhof  had 
fully  considered  the  possibility  that  his  Atmungskorper  might  be 
a  substance  carrying  the  -  SH  group,  and  he  endeavored  to  test  the 
matter  experimentally.  He  points  out  in  a  highly  interesting 
paper  that,  broadly  speaking,  there  is  a  parallelism  between  the 
intensity  of  the  nitroprusside  reaction,  as  given  by  a  yeast  extract 
or  "Kochsaft"  and  the  activity  of  such  an  ex-tract  in  restoring 
respiratory  acti\aty  to  washed  acetone  yeast.  In  his  experiments 
cysteine  appeared  to  have  no  such  effect,  but  in  order  to  test  that 
matter  further  he  studied  the  influence  of  thioglycollic  and  thio- 
lactic  acids.  He  found  as  a  matter  of  fact  that  when  a  yeast 
residue,  inactivated  by  washing,  was  suspended  in  a  neutral  or 
slightly  acid  solution  of  either  of  these  substances,  an  uptake  of 
oxygen  occurred,  considerably  in  excess  of  what  would  be  requu-ed 
to  oxidize  the  added  thio-acid  to  the  disulfide  form. 

The  properties  of  the  substances  employed  by  Meyerhof  were, 
however,  such  as  to  make  the  precise  meaning  of  the  experimental 
results  somewhat  obscure.  The  author  found,  for  instance,  that 
if  thioglycollic  or  thiolactic  acid  be  added  to  the  tissue  in  the  form 
of  the  corresponding  disulfide  derivative,  neither  substance  pro- 
motes oxygen  transport.  The  reason  must  be  that  the  tissue  does 
not  reduce  the  -S-S-  group  of  these  compounds.'  The 
processes  involved  do  not  seem  to  be  in  any  obvious  sense  reversi- 
ble, therefore,  and  it  is  difficult  under  the  circumstances  to 
understand  how  the  -SH  group  of  these  thio-acids  can  promote 
continuous  oxygen  transport. 

On  the  other  hand,  as  we  have  many  tunes  pointed  out,  the 
disulfide  form  of  glutathione  is  freely  reduced  by  tissues,  or  washed 
tissue  preparations,  a  characteristic  which  in  this  connection  seems 
to  be  highly  important. 

Meyerhof  noted  another  quality  in  the  sulfur  group  of  thio- 
glycollic acid  (the  substance  most  fully  studied)  which  renders 
remarkable  its  ability  to  promote  under  the  conditions  of  liis 
expermients  the  uptake  of  oxygen  by  a  washed  tissue. 

In  neutral  or  shghtly  acid  solutions  (pH  6  to  7)  the  -SH  group 
of  this  acid  is  stable  and  not  autooxidizable,  yet  it  is  only  in  solu- 

5  Since  the  above  was  written  we  have  ourselves  found  that  dithiodi- 
glycollie  acid  is,  as  a  matter  of  fact,  reduced  bj'  washed  muscle  and 
washed  acetone  yeast.  The  addition  of  these  substances  does  promote 
oxygen  transport,  though  much  less  efficiently  than  glutathione. 

The  above  remarks,  based  upon  Meyerhof's  own  findings,  therefore 
lose  their  point. 
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tions  with  this  range  of  pH  that  the  substance  promotes  respiration 
of  the  washed  tissue.     In  more  alkaUne  sohitions  it  is  itseK  auto- 
oxidizable,  but  then  does  not  promote  respiration,  because  as 
soon  as  it  is  oxidized  to  the  disulfide  form  its  relations  with  the 
tissue  cease.    Here  again  the  properties  of  the  natural  constituents 
differ  in  a  significant  sense.    The  -SH  group  of  glutathione  is 
autooxidizable  in  neutral  solution  and  it  promotes  the  uptake  of 
oxygen  by  a  washed  tissue  within  just  that  range  of  pH  in  which 
it  is  itself  autooxidizable,  and  also  capable  of  reduction  by  the 
tissue.     It  would  seem  at  first  sight  as  though  the  sulfur  group  of 
the  natm-al  constituent  is  more  likely  to  possess  the  functions 
generaUy  pictured  for  the  Atmungskorper  than  that  of  thio- 
glycoUic  acid.    Nevertheless,  the  facts  brought  forward  in  previous 
sections  of  this  paper  show  that  it  is  impossible  to  identify  the 
dipeptide  with  any  substance  supposed  to  stimulate  respiratory 
processes    in    general.    Meyerhof,    having    observed    that    the 
influence  of  the  sulfur  group  of  thioglycollic  acid  was  but  little 
affected  when  the  tissue  residue  (washed  yeast)  had  undergone 
heating  to  100°C.,«  pointed  out  that  this  must  constitute  the  most 
important  distinction  between  the  thio-compound  and  an  agent  of 
the  coferment  class,  to  which,  ex  hypothesi,  the  Atmungskorper 

belongs. 

From  our  own  standpoint,  as  maintained  throughout  the  present 
paper,  the  fact  that  the  activities  of  the  sulfur  group  seem  to  be 
um-elated  to  enzyme  activities  does  not  remove  biological  signifi- 
cance from  the  former;  but  enough  has  been  said  in  previous 
sections  to  show  that  there  are  processes  involved  in  the  sum  total 
of  respiratory  activity  with  which  it  has  no  direct  concern. 

Meyerhof's  fundamental  observation  which  led  to  the  concep- 
tion of  the  Atmungskorper  was  the  activation  of  washed  tissues  by 
a  tissue  "Kochsaft."  It  is  not  unimportant  to  consider  all  that 
is  involved  in  this  phenomenon.  A  considerable  part  at  least  of 
the  oxygen  uptake  which  occurs  is  due  to  the  fact  that  relatively 
insoluble  catalysts  present  in  the  washed  tissue  are  again  supplied 
with  soluble  oxygen  acceptors  from  which  the  original  washing 
divorced  them. 

■  'When  we  first  observed  that  glutathione  worked  with  heated  tissue 
residues  we  were  unaware  that  Meyerhof  had  3  years  before  (1918)  made 
the  above  observation  with  thioglycollic  acid. 
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Any  of  the  numerous  substances  proved  by  Thunberg,  by  Batelli 
and  Stern,  and  by  Meyerhof  to  be  oxidized  by  a  washed  tissue, 
or  shown  in  the  later  work  of  Thunberg  to  be  capable  of  acting  as 
hydrogen  donators,  may  constitute  oxidizal^le  material  in  a 
Kochsaf  t.  The  concentration  of  any  one  of  them  wDl  admittedly 
be  very  low,  but  now  that  we  know  they  may  be  numerous  it 
must  be  recognized  that,  collectively,  their  oxidation  may  account 
for  a  consideraljle  oxygen  uptake.  As  akeady  stated  the  oxidation 
of  such  substances— as  represented  by  succinic,  citric,  and  certain 
amino-acids— by  thermolabile  catalysts  in  the  tissue  is  unaffected 
by  the  presence  or  absence  of  glutathione.  There  is,  on  the  other 
hand,  no  evidence  to  show  that  these  particular  oxidations  require 
the  presence  of  a  soluble  coagent  of  any  sort. 

Some  observations  of  om-  own,  concerned  with  animal  tissues 
only,  have  a  bearing  on  these  considerations.     We  have  prepared 
on  Meyerhof 's  lines  from  perfectly  fresh  tissues  very  active  samples 
of  Kochsaft  and  have  found  that  such  preparations,  if  not  exposed 
to  the  air,  retain  their  activity  for  long  periods.     On  the  other 
hand  we  found  that  if  the  tissues  from  which  they  were  prepared 
were  aUowed  to  stand  before  extraction,  the  extracts  made  from 
them  grew  progressively  less  active  as    the    time   allowed  for 
survival  or  postmortem  changes  in  the  tissue  was  made  longer. 
Such  results  suggest  the  disappearance    of  oxidizable  material 
during  the  course  of  survival  events  rather  than  the  destruction 
of  a  coferment.    We  are,  of  com-se,  not  suggesting  that  a  Kochsaft 
contains  no  substance   of   such  a  type.     Meyerhof's    classical 
studies  have  shown  that  it  does.     We  find,  however,  one  difficulty 
in  connection  with  the  present  discussion.     It  seems  to  be  com- 
monly   assumed,    though   not  by  Meyerhof  hunself,   that  the 
Atmungskorper   is    a   single   substance    stimulating   respiratory 
processes  as  a  whole.     If  that  were  so  it  would  certainly  be  an 
agent  quite  distinct  from  glutathione.     If,  on  the  other  hand,  the 
name  may  be  taken  to  connote  the  activities  of  two  or  more 
substances  each  related  to  some  particular  aspect  of  respiratory 
oxidations,  then  glutathione  shows  itself  to  be  one  of  these;  its 
activity  being  more  particularly,  though  not  exclusively,  related 
to  respiratory  factors  (whatever  they  may  prove  to  be)  which  re- 
main intact  in  a  tissue  when  it  has  been  heated. 
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A  direct  experimental  demonstration,  however,  even  of  this 
estabhshed  fact  is  not  easy  by  the  use  of  Kochsaft  preparations. 
The  concentration  of  glutathione  in  a  Kochsaft  may  be  con- 
siderably increased  with  relatively  little  effect  upon  its  activity 
when  added  to  a  washed  tissue.  This,  we  think,  is  partly  because 
the  effect  is  at  first  swamped  in  the  progi-ess  of  rapid  oxidations 
which,  as  we  have  just  pointed  out,  proceed  without  the  influence 
of  anj^'  soluble  coagcnt.  There  is,  however,  a  further  circumstance 
of  importance.  The  physical  condition  of  a  washed  tissue  is  such 
that  part  of  its  uptake  of  oxTgen  which  depends  specifically  upon 
the  presence  of  glutathione  is  slow  (see  above).  On  the  other 
hand,  the  preUminary  treatment  with  alcohol  which,  as  we  have 
seen,  so  efficiently  promotes  the  combined  activity  of  the  tissue  and 
the  sulfur  group  renders  the  former  entirely  inactive  towards  the 
other  constituents  of  a  Kochsaft.  Such  facts  as  these  require 
further  study  for  their  elucidation. 

EXPERIMENTAL. 

Section  1.  Anaerobic  Experiments. 

All  our  measurements  of  reduction  velocity  were  made  under 
anaerobic  conditions.  The  tissue  preparations  were  suspended  in 
a  phosphate  buffer  solution  contained  in  test-tubes  which  could  be 
evacuated.  The  tubes  employed  (somewhat  similar  to  those  used 
by  Thunberg)  are  4i  inches  long  with  a  diameter  of  I  inch.  A 
short  side  tube  projects  from  a  tubular  neck  which  is  ground  to 
receive  a  hollow  glass  stopper  perforated  by  a  hole  at  the  level  of 
the  side  tube.  The  tubes  are  evacuated  when  the  hole  has  been 
made  to  correspond  with  the  opening  of  the  side  tube,  and  if  a 
suitable  stopper  grease  be  used  a  vacuum  is  maintained  almost 
indefinitely  after  the  tube  has  been  closed  by  turning  the  stopper. 
For  the  purpose  of  our  experiments  it  was  found  sufficient  to 
evacuate  the  tubes  by  means  of  a  good  filter  pump.  In  order, 
however,  that  the  small  residual  oxygen  tension  should  be  iden- 
tical in  any  series  involving  a  comparison,  branch  connection  tubes 
were  provided  so  that  six  or  more  of  the  test-tubes  could  be  con- 
nected at  once  with  the  same  pump,  and  so  exliausted  to  exactly 
tllG  ^JiniG  clGsrcG. 

All  the  determinations  of  reduction  time  recorded  in  the  follow- 
ing tables  were  made  in  a  phosphate  buffer  solution  containing 
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primary  potassimn  phosphate  and  secondary  sodium  phosphate 
(Sorensen).     Almost  invariably  the  pH  of  the  system  was  7.6. 
The  glutathione,  which  is  itself  markedly  acid,  was  dissolved  in 
a  somewhat  more  alkaline  phosphate  mixture  (e.g.,  of  pH  8)  and 
the  solution  then  adjusted  to  7.6,  the  volume  being  also  adjusted 
to  yield  a  known  concentration  of  the  dipeptide.     The  required 
amount  of  a  tissue  preparation  was  first  weighed  into  a  reduction 
tube.     It  was  then  covered  with  a  known  volume  of  the  buffer 
solution,  either  plain  or  containing  glutathione  (or  other  substance 
to  be  tested)  in  known  amount.     The  final  volmne  and  the  pH 
were  always  made  the  same  in  each  tube  of  a  series  under  com- 
parison.   The  methylene  blue  solution  was  added  last  and  the  tube 
or  tubes  immediately  evacuated.     Mter  exposure  to  the  tension 
of  the  pmup  for  a  standard  time  (usually  3  minutes  after  the 
manometer  registered  a  steady  pressure)  the  tubes  were  closed  and 
transferred  to  a  bath  at  37°C.     In  most  of  the  experunents  which 
were  concerned  with  a  comparison  of  reduction  velocities  very 
small  amounts  of  methylene  blue  were  employed  (0.2  to  0.3  cc. 
of  1:5,000).     The  observations  were  thus  shortened  without  any 
loss  of  significance  in  the  results.    When  final  equiUbria  were  to 
be  determined  stronger  solutions  of  the  dye  were  employed.     The 
end-point  taken  coincided  with  complete  decolorization  of  the 
tissue  mass  as  well  as  of  the  supernatant  fluid. 

The  observations  recorded  in  the  tables  which  follow  represent 
only  a  small  proportion  of  the  consistent  series  which  have  been 
made.  The  records  occupy  much  space.  We  have  selected, 
therefore,  results  which  are  typical  of  the  average. 

Series  1.  Tissue  Extracted  with  Cold  Water  Onhj. 

The  muscle  (or  other  tissue)  after  excision  was  finely  chopped 
with  sharp  scissors  until  a  homogeneous  almost  pasty  mass  result- 
ed. It  was  then  transferred  to  a  stoppered  cylinder  and  well  shaken 
with  successive  quantities  of  distilled  water.  The  ease  with  which 
the  glutathione  contained  in  the  original  tissue,  together  with  other 
reducing  factors,  is  removed  varies  somewhat  with  the  tissue 
employed.  In  the  case  of  frog  muscle  sbc  successive  washings  with 
50  to  60  times  its  weight  of  distilled  water  will  usually  yield  a 
preparation  with  very  small  residual  reducing  power.  In  the 
case  of  fresh  muscle  from  the  rabbit  or  rat  we  have  usually  em- 
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ployed  ten  washings.  After  each  successive  washing  the  tissue 
mass  was  squeezed  in  a  linen  cloth.  If  its  reducing  power  was  to 
be  studied  in  the  moist  condition  the  mass  was  finally  pressed 
between  filter  papers  and  the  amount  required  for  an  experiment 


TABLE  I. 

Washed  tissue  preparation. 

C 

.9 

3 
3 
O 

Co 

Reduction 
time. 

gm. 

cc. 

mg. 

cc. 

hrs. 

min. 

....0.5 

5 
5 

0 

2 

0.3 
0.3 

6+ 

0 

0.5 

55 

0.25 

5 

2 

0.3 

1 

35 

0.5 

5 

4 

0.3 

0 

31 

(h^   T?it  rmi^^rlp                 

....0.6 

3 
3 

0 

2 

0.2 

0.2 

0 
0 

50 

0.6 

25 

0.3 

3 

0 

0.2 

1 

40 

0.3 

3 

o 

0.2 

0 

59 

0.6 

3 

4 

0.2 

0 

14 

ff*\    TJnhhif"  mil*^rlp          

0.5 

3 
3 

0 

4 

0.3 
0.3 

0 

40 

0.5 

18 

0.5 

3 
3 

0 
4 

0.3 
0.3 

5+ 
0 

0.5 

21 

(e)  Ox  muscle  as  dry  powder. 

0.2 

0.2 

3 

3 

0 

2 

0.3 
0.3 

0 
0 

20 
40 

0.2 

3 

4 

0.3 

0 

18 

ffi    RaVihit  kidnev     

0.5 

3 
3 

0 
4 

0.3 
0.3 

5 
0 

30 

0.5 

16 

0.5 

3 

8 

0.3 

0 

9 

The  few  results  recorded  in  Table  I  are  sufficient  to  show  the  restoration 
of  reducing  power  to  washed  tissue  which  results  when  glutathione  is 
supplied.  The  latter,  which  was  always  employed  in  the  oxidized  form, 
has  itself  no  reducing  power.  In  all  cases  except  (e),  the  tissue  prepara- 
tion was  weighed  moist.  Prepared  as  described  above  the  tissue  residues 
have  a  water  content  which  is  somewhat  higher  than  that  of  the  original 
tissue.  The  preparations  were  made  immediately  after  the  death  of  the 
animal  except  in  the  case  of  ox  muscle,  (d)  and  (e),  which  was  prepared 
from  butchers'  meat  (rump  steak). 
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weighed  out  as  quickly  as  possible  into  the  tubes.  Occasionally 
the  washed  tissue  was  dried  in  vacuo  over  sulfuric  acid  and  finally 
ground  to  powder. 

Series  2.  Tissue  Residues  after  Extraction  with  Boiling   Water. 

After  the  activity  (in  conjunction  with  glutathione)  of  ther- 
mostable tissue  residues  was  first  observed  we  found  it  desirable 
for  the  purpose  of  comparisons  to  deal  with  dry  powdered  prepara- 
tions prepared  on  standard  lines.  When,  for  instance,  the  activity 
of  a  preparation  obtained  by  simply  washing  the  original  tissue  is 
to  be  compared  with  that  of  the  same  tissue  after  heating  to  100°C., 
or  after  extraction  with  hot  water,  a  change  in  the  physical  con- 
dition of  the  preparation  may  somewhat  affect  the  velocity  with 
which  it  reduces  methylene  blue  or  takes  up  oxygen.  If  both 
preparations  are  dried,  reduced  to  powder,  and  properly  sampled— 
treatment  which  does  not  at  all  reduce  the  capacity  to  work  with 
glutathione — the  comparison  is  more  accurate. 

The  tissue  mav  be  first  thoroughly  extracted  with  cold  water  and 
subsequently  heated  to  100°C.  and  dried.  It  is  best,  however, 
to  arrest  survival  processes  by  heating  immediately  after  removal 
from  the  anhnal.  Our  standard  preparations  which  in  the  case 
of  muscle  show  remarkable  uniformity  of  behavior  were  made 

as  follows. 

The  tissue  is  put  through  a  mincing  machine  and  immediately 
thrown  into  about  thrice  its  bulk  of  boiling  water.  After  cooling 
it  is  squeezed  in  a  linen  cloth  and  then  quickly  extracted  six  times 
with  successive  small  quantities  of  boihn^  water.  It  is  finally 
washed  with  a  small  quantity  of  alcohol,  dried  over  sulfuric  acid 
in  vacuo,  powdered,  and  sampled. 

All  the  tissue  preparations  in  Table  II  were  used  in  this  form. 

Series  2a.— The  two  experunents  described  under  this  head 
illustrate  how  small  is  the  effect  upon  the  acti%-ity  of  a  tissue  with 
glutathione  when  smiplc  washing  is  followed  by  extraction  with 

hot  water. 

In  each  case  the  muscle  was  first  washed  ten  tuues  with.  GO 
times  its  weight  of  distilled  water  under  anaerobic  conditions 
(nitrogen).  A  portion  of  this  washed,  but  unheated,  preparation 
was  reserved  for  experiment.  The  remainder  was  placed  in  a 
flask  just  covered  with  water  and  then  heated  on  the  water  bath 


548 


Glutathione 


for  2  hours  in  an  atmosphere  of  nitrogen.  A  portion  was  again 
reserved  at  this  stage.  The  rest  was  finally  extracted  six  times 
with  boiling  distilled  water.  A  portion  of  the  residue  at  each  stage 
was  washed  once  with  96  per  cent  alcohol,  dried  in  a  vacuum  desic- 
cator, powdered,  and  sampled.  Preparation  A  was  from  ox  muscle 
(beef);  Preparation  B  was  from  the  muscle  of  a  recently  killed 
rabbit. 

TABLE  II. 


Tissue  preparation 
weighed  in  form  of  dry  powder. 


(a)  Frog  muscle. 


(b)  Rat  muscle. 


gm. 

.0.2 
0.2 

.0.2 
0.2 


(c)   Rabbit  muscle. 


.0.2 
0.2 


(d)  Rabbit  muscle,  another  prepa- 

ration  0.2 

0.2 

(e)  Ox  muscle 0.2 

0.2 

Same  preparation  keated   fur- 
ther  0.2 

0.2 

(f)  Rabbit  muscle 0.5 

0.5 
0.5 


C313 


mg. 
0 
4 

0 
2 

0 

4 


Reduction 
time. 


0.2 


0.2 
0.2 

0.2 
0.2 


0.2 
0.2 

0.2 
0.2 


0.2 
0.2 

0.2 
0.2 
0.2 


24+ 
0 

12+ 
0 

24+ 
0 


20 
0 

5 
0 


9+ 
0 

7 
0 
0 


22 


17 


IS 


12 

36 
30 


28 

20 

15 

4 


In  each  observation  the  tissue  was  suspended  in  a  phosphate 
buffer  solution  of  pH  7.6.  The  dipeptide  added  was  dissolved  in 
a  similar  fluid  with  pH  adjusted  to  the  same  figure.  The  total 
volume  in  each  tube  was  the  same  {2\  cc).  Dried  tissue  0.2  gm., 
glutathione  4  mg.,  methylene  blue  0.2  cc.  (1 : 5,000).  The  figures 
are  the  times  taken  for  complete  reduction. 
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Although  the  residual  reducing  power  of  the  tissue  by  itself 
became  zero  after  final  treatment  the  reduction  with  glutathione 
remained  as  active  as  after  simple  washing.  When  the  washed 
tissue  is  tested  in  its  original  moist  condition  heating  to  100°C. 
always  markedly  increases  the  velocity  with  which  it  reduces  m 
the  presence  of  the  dipeptide. 

Series  3.— Experiments  were  carried  out  to  determine  the  effect 
of  varying  the  concentration  of  glutathione  upon  the  total  amount 
of  methylene  blue  reduced  when  equilibrium  is  attained.  The 
observations  were  made  in  evacuated  test-tubes  on  the  lines 
ah-eady  described.  The  tissue  employed  was  muscle  in  the  form 
of  the  thermostable  preparation,  dried  and  powdered.  The  dipep- 
tide was  dissolved  in  a  phosphate  buffer  and  the  solution  finally 
made  to  contain  8  mg.  in  1  cc.  at  pH  7.6. 

TABLE  III. 


Washed 
anaerobically. 


Heated  2  hrs. 


Extracted 
with  hot  water. 


Preparation  A. 
B. 


Tissue  al 

one. 

krs. 

min. 

hrs. 

min. 

hrs. 

3 

16 

5 

16 

20+ 

2 

S 

O 

30 

20+ 

Tissue  plus  glutathione 

Preparation  A 

B 

0 
0 

30 
21 

0 
0 

25 
19 

0 
0 

26 
19 

For  each  experunent  four  series  of  tubes  were  prepared,  every 
tube  containing  0.2  gm.  of  dried  tissue.  The  first  series  contained 
in  each  tube  2  mg.  of  glutathione,  the  second  series  4  mg.,  the 
thu-d  8  mg.,  and  the  fourth  16  mg.  In  each  series  the  amount 
of  methylene  blue  (1:1,000)  was  increased  in  successive  tubes  by 
increments  of  0.1  cc.  The  total  volume  of  fluid  was  made  in  every 
tube  the  same,  variations  in  the  quantity  of  glutathione  solution 
being  balanced  by  suitable  additions  of  buffer  solution,  and  varia- 
tions in  the  methylene  blue  solution  by  additions  of  distilled  water. 
To  each  tube  1  drop  of  chloroform  was  added.  All,  after  evacua- 
tion, were  placed  in  a  bath  at  35°C.  and  left  over  night.  When 
equilibrium  was  reached  the  point  of  transition  from  a  tube  in 
which  the  contents  still  showed  a  faint  blue  color  to  one  which  was 
colorless  was  noted  in  each  series. 
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The  wide  variations  in  the  concentration  of  the  dipeptide  had 
Httle  or  no  effect  upon  the  cquiUbrium  point. 

In  one  experiment  with  ral^hit  muscle  the  contents  of  the  tube 
in  the  first  scries  containing  1.2  cc.  of  methylene  blue  were  faintly 
but  definitely  blue.  The  next  tube  (1.1  cc.)  was  colorless.  This 
point  of  transition  was  identical  in  each  of  the  four  series;  with  2 
mg.  of  glutathione  it  was  exactly  the  same  as  with  16  mg.,  though 
in  the  latter  case  equilibrium  was  reached  much  sooner.  The 
tissue  preparation  by  itself  showed  no  reducing  power. 

In  a  second  experiment  carried  out  on  similar  lines  with  a 
preparation  of  rabbit  muscle,  made  with  special  precautions  to 
avoid  oxidation  during  the  earlier  stages  of  washing  and  extraction, 
the  point  lay  between  1.7  and  1.8  cc.  of  methylene  blue  and  was 
again  identical  in  each  series. 

In  an  experunent  with  frog  muscle  it  lay  in  each  series  between 
0.8  and  1.0  cc.  Sometimes  in  such  experunents  the  results  were 
not  quite  so  sharp,  it  being  difficult  to  distinguish  with  certainty 
between  two  adjacent  tubes  in  a  series;  Even  an  8-fold  increase 
in  the  concentration  of  the  dipeptide  was  never  observed,  however, 
to  make  an  appreciable  difference  in  the  equilibrium  point, 
whereas,  no  matter  what  the  concentration  of  the  associated 
dipeptide,  an  increase  in  the  amount  of  tissue  produced  always  a 
proportionate  increase  in  the  amount  of  methylene  blue  finally 
reduced. 

Such  results  show  that  glutathione  cannot  itself  be  a  primary 
hydrogen  donator  in  the  reducing  system  which  it  estabHshes  with 
the  tissue  residue  (see  also  Series  8). 

Series  4.— A  number  of  experiments  have  been  carried  out  to 
discover  whether  known  metabolites  can  act  as  prunary  hydrogen 
donators  when  added  to  the  system  constituted  by  a  washed  tissue 
residue  and  glutathione;  in  other  words  to  decide  whether  the 
anaerobic  oxidation  of  such  substances  by  a  tissue  residue  in  the 
presence  of  methylene  blue  is  accelerated  by  the  sulfur  group  of  the 
dipeptide.  In  general,  negative  results  have  been  obtained; 
but  the  enquiry  is  by  no  means  complete.  It  will  be  sufficient  for 
the  purposes  of  the  present  paper  to  give   certain   illustrative 

cases. 

The  oxidation  of  succinic  and  citric  acids  by  tissue  catalysts 
has  been  much  studied,  and  Thunberg  has  shown  that  these  acids 
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act  typically  as  hydrogen  donators  in  the  reduction  of  methylene 
blue  by  washed  muscle. 

The  following  observations  show  that  the  presence  of  glutathi- 
one is  without  efTect  upon  the  velocity  of  this  reduction. 

Preparation  A  was  one  of  rat  muscle  washed  ten  times  with  distilled 
water  under  conditions  made  as  anaerobic  as  possible.  It  was  not  heated 
and  was  weighed  moist.  Preparation  B  was  rabbit  muscle  extracted  six 
times  with  boiling  water,  washed  with  alcohol,  dried,  and  powdered.  The 
succinic  and  citric  acids  were  dissolved  in  phosphate  buffer  solution  ad- 
justed to  pH  7.6.  The  final  solution  was  one-tenth  molar,  and  1  cc.  was 
used  for  each  observation.  The  glutathione  (oxidized  form)  was  also  in 
7.6  buffer  solution,  1  cc,  containing  4  mg.,  being  employed.  Adjustments 
to  secure  equal  volumes  were  made  with  plain  buffer  solution  also  at  pH  7.6. 
Methylene  blue  0.2  cc.  (1:5,000).  Observations  in  evacuated  test-tubes  as 
before.  The  figures  in  Table  IV  are  times  taken  for  complete  reduction 
at  35°C. 

T.^BLE  IV. 


Tissue  alone 

"       with  glutathione 

"  "     succinic  acid 

"  "     glutathione  and  succinic  acid... 

"  "     citric  acid 

"  "     glutathione  and  citric  acid 


Preparation  A 
0.5  gm. 


hra. 
5 
0 
0 
0 
0 
0 


26 
34 
33 
16 
55 
21 


Preparation  B 
0.2  gm. 


hrs, 

24+ 

0 
24+ 

0 
24+ 

0 


26 

28 
28 


In  the  unheated  Preparation  A  the  catalysts  responsible  for  the 
oxidation  of  succinic  and  citric  acids  (the  oxydones  of  Batelli  and 
Stern)  are,  of  course,  intact.  It  will  be  seen  from  the  table  that 
glutathione  has  no  apparent  efTect  upon  the  anaerobic  activity  of 
these.  The  reduction  velocity  induced  when  glutathione  is  added 
to  either  acid  represents  only  the  combined  effect  of  each  con- 
stituent acting  with  its  own  proper  mechanism.  In  the  case  of 
the  heated  Preparation  B  the  oxydones  are  destroyed.  The 
presence  of  succinic  or  citric  acid  has  in  this  case  no  effect  upon  the 
reduction  velocity  induced  by  glutathione  alone. 

Many  experiments  of  the  above  type  have  been  made,  using  a 
variety  of  substances  in  the  place  of  the  above  acids.  Only  in  the 
case  of  lactic  acid  has  evidence  so  far  been  obtained  to  show 
that  the  anaerobic  oxidation  of  the  substance  is  influenced  by  the 
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presence  of  the  dipeptido.  Even  in  this  case  the  requisite  con- 
ditions arc  somewhat  difficult  to  define.  The  experiments  which 
hear  upon  the  matter  will  form  the  subject  of  a  separate  paper. 

Sectim  2.  Observations  on  Oxygen  Uptake. 

Series  5. — The  following  observations  show  on  other  lines  that 
what  we  have  called  thermostable  tissue  residues  contain  oxidizable 
materials.  The  oxidation  of  these  by  atmospheric  oxygen  is 
however,  exceedingly  slow,  except  when  glutathione  is  present. 
It  then  becomes  characteristically  rapid. 

A  thermostable  preparation  of  rabbit  muscle  made  on  the  lines 
already  described  and  in  the  form  of  a  powder  was  found,  as  in 
all  cases,  to  show  by  itself  little  or  no  power  of  reducing  methylene 
blue.     In  the  presence  of  glutathione  it  reduced  freely. 

TABLE  V. 


Original  preparation 

Aerated  alone  (6  hrs.) 

"        in  the  presence  of  glutathione  (3  hrs.). 


Reduction 
time. 


hrs, 

0 
0 
5 


min. 

18 

22 
14 


1  gm.  of  the  powder  was  suspended  in  a  phosphate  buffer  solution 
(pH  7.6)  and  the  suspension  briskly  aerated  at  room  temperature  for 
6  hours.  A  second  gm.  was  similarly  suspended  but  in  the  presence  of 
10  mg.  of  glutathione.  This  was  aerated  also  at  room  temperature  and 
side  bv  side  with  the  above,  but  for  3  hours  only.  Both  samples  were 
filtered  off,  thoroughly  washed  side  by  side  until  the  second  sample  was 
again  free  from  dipeptide,  and  then  dried  in  vacuo  so  as  to  be  comparable 
with  the  original  powder.  The  portions  thus  treated  were  then  compared 
in  respect  of  their  residual  reducing  power  with  the  original  preparation 
The  figures  given  in  Table  V  are  for  0.2  gm.  of  the  preparation,  4  mg.  of 
oxidized  glutathione  being  supplied  in  each  case.  Conditions  as  in  previ- 
ous experiments  with  methylene  blue. 

The  results  in  Table  VI  were  obtained  in  the  case  of  rat  muscle, 
prepared  and  treated  on  lines  similar  to  the  above.  The  aeration 
w'as  carried  out  at  35°C. 

Such  experiments  show  that  the  thermostable  preparations  con- 
ain  hydrogen  donators  which  arc  quickly  oxidized  by  molecular 
ixygen  in  the  presence  of  the  sulfur  group  of  the  dipeptide,  but 
which  show  considerable  resistance  to  oxidation  in  its  absence. 
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Series  6. — The  oxygen  uptake  of  thermostable  tissue  residue  in 
the  presence  of  glutathione  was  determined  quantitatively  in  the 
familiar  differential  apparatus  of  Barcroft.  A  weighed  quantity 
of  the  preparation  under  study,  suspended  in  a  measured  quantity 
of  a  buffer  solution  containing  a  known  amount  of  glutathione 
{pB.  usually  7.6),  was  placed  in  one  flask  of  the  apparatus. 
KOH  for  the  absorption  of  CO2  was  present  in  the  chamber 
provided.  In  the  second  flask  was  placed  a  quantity  of  distilled 
water  or  buffer  solution  equal  to  that  in  the  first.  The  apparatus 
after  proper  adjustment  was  then  shaken  in  a  water  bath  at  known 
temperature  until  cessation  of  movement  in  the  manometric 
fluid  showed  that  the  oxygen  uptake  was  complete.  Control 
observations  {e.g.  with  the  tissue  preparation  in  the  absence  of 
glutathione)  were  usually  made  in  a  second  apparatus  shaken 
side  by  side  with  the  first.    Apart  from  the  ordinary  careful 

T.\BLE  VI. 


Original  preparation 

Aerated  alone  (I5  hrs.) 

"        in  the  presence  of  glutathione  (I5  hrs.). 


Reduction 
time. 


hrs. 

min 

0 

17 

0 

24 

calibration  of  the  instruments  it  is  then  unportant  if  velocity  of 
uptake  is  under  study,  to  make  sure  that  they  yield  strictly  com- 
parable results.  In  the  case  of  a  system  such  as  that  constituted 
by  a  suspension  of  a  tissue  a  relatively  small  difference  in  the  shape 
of  the  flasks  may  appreciably  affect  the  rate  of  uptake.  It  is  in 
any  case  best  to  use  flat  bottomed  flasks  shaped  so  as  to  secure 
a  relatively  large  suiiace  for  the  suspension  fluid. 

The  observations  recorded  in  Table  VII  show  the  total  oxygen 
uptake  of  various  thermostable  preparations  in  the  form  of  a  dry 
powder  suspended  in  a  buffer  solution.  It  should  be  observed 
that  as  the  dipeptide  was  always  added  in  the  oxidized  form  there 
was  no  need  to  allow  for  oxygen  taken  up  by  preexisting  —  SH 
groups.  If  any  such  experiment  be  stopped  before  the  uptake  of 
oxygen  by  the  system  is  complete  a  nitroprusside  reaction  can 
always  be  observed  in  the  suspension  fluid,  showing  that  the  tissue 
preparation  has  reduced  the  disulfide  group.     When  the  oxj^gen 
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uptake  has  cea'sed  no  reaction  is  obtained.  The  hydrogen 
donators  in  the  tissue  are  then  exhausted  and  the  reduced  dipep- 
tide  itself  reoxidized. 

Series  7.— Experiments  were  done  to  determine  the  carbon 
dioxide  production  which  is  associated  with  the  oxygen  uptake  of 
thermostable  tissue  preparations.  It  is  easy  to  demonstrate  that 
COo  is  actually  produced  and  that  its  production  with  any  appre- 
ciable velocity  is  dependent  upon  coagency  of  glutathione.  If 
a  gram  or  two  of  a  dried  preparation  be  suspended  m  water,  or  m  a 
buffer  solution,  and  if  the  suspension  be  then  briskly  aerated 
with  a  stream  of  air  which  is  subsequently  led  through  a  solution 
of  barium  hydroxide,  scarcely  any  visible  clouding  will  be  seen 

TABLE  VII. 


Tissue  preparation. 


Rabbit  muscle 0.5 

0.5 
0.2 

Rabbit  muscle.       Another 

preparation 0.5 

0.5 

Rat  muscle O.o 

0.5 
0.5 


Uptake 

Gluta- 

Tem- 

Total 

Time 

per 

thione 

pera- 

oxygen 

for  complete 

present. 

ture. 
°C. 

uptake. 

uptake. 

prepa- 
ration. 

ing. 

c.nim. 

hrs.         min. 

c.mm. 

0 

20 

6 

4 

12 

4 

20 

209 

4 

418 

8 

20 

82 

li 

410 

0 

20 

8 

3 

10 

10 

s 

20 

205 

3 

10 

410 

0 

20 

0 

3 

20 

0 

4 

20    . 

211 

3 

20 

422 

S 

35 

201 

1 

50 

404 

even  in  the  course  of  several  hours.  If,  hbwever,  a  few  milli- 
grams of  glutathione  be  added  to  the  suspension  the  baryta  solu- 
tion begins  to  cloud  ahnost  at  once.  This,  as  other  experiments 
show,  is  not  due  to  the  oxidation  of  the  dipeptide  itself. 

To  measure  the  CO,  production  two  separate  sets  of  the  Barcroft 
apparatus,  known  to  give  corresponding  results,  were  employed 
simultaneously.  In  one  of  these  potash  was  placed  m  the  tiask 
containing  the  tissue,  whereas  in  the  other  apparatus  no  potash 
was  present.  Exactly  shnilar  quantities  of  tissue  preparation, 
glutathione,  and  buffer  solution  were  placed  in  each  and  the  two 
were  shaken  side  by  side.  The  difference  shown  in  the  respective 
manometer  readings  measures  the  CO2  production. 
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To  save  space  the  results  of  one  experiment  onlj-  will  be  given 

(Table  VIII).     They  are  typical  of  others  obtained  except  that  in 

CO 
different  experiments  the  actual  rate  with  which  the  ratio  -~ 

falls  off  may  vary  somewhat. 

Series  8. — Several  experiments  were  made  to  determine  the 
effect  of  varying  the  concentration  of  glutathione  upon  the  total 
uptake  of  oxygen  by  the  system  constituted  by  a  thermostable 
tissue  residue  and  the  dipeptide.  The  results  were  entirely 
consistent  in  showing  that  wide  variations  in  the  concentration, 
while  of  course,  influencing  the  velocity  of  uptake,  have  no  effect 
upon  the  total  amount  of  oxygen  finally  absorbed.  Such  results 
confirm  those  obtained  with  the  methylene  blue  technique  (Series 
3)  in  showing  that  the  dipeptide  is  not  itself  oxidized. 

TABLE  VIII. 
Rabbit  muscle,   dry  preparation,   0.2   grn.,   glutathione   S  mg.,   buffer 
solution  3  cc,  bath  at  35°C. 


Oxygen 

absorbed. 

COa  produced. 

CO2 

0! 

First  20  minutes 

Next  30         "      

cmm. 

27.2 
33.2 
12.1 

c.mm. 

27.2 

20.0 

4.0 

1.0 
0.6 

Final  35         "      

0.33 

We  give,  in  the  form  of  curves  of  ox^'gen  uptake,  the  results  of 
a  typical  observation  of  this  kind.  It  will  be  seen  that  a  4-fold 
increase  in  the  concentration  of  the  dipeptide  (the  amount  of 
tissue  remaining  the  same)  while  it  about  doubled  the  initial 
velocity  of  uptake  had  no  effect  upon  the  total  amount  of  oxygen 
absorbed. 

DISCUSSION    OF   RESULTS. 

Considered  from  any  standpoint  that  is  familiar,  the  circum- 
stance that  a  not  inconsiderable  part  of  the  respiratory  activity  of 
a  tissue  can  depend  upon  factors  that  are  completely  thermostable 
must  appear  surprising.  The  conclusion  that  such  factors  func- 
tion in  life  is  one  which  seems,  at  first  sight,  difficult  to  accept. 
We  think,  nevertheless,  that  if  the  evidence  be  duly  considered 
this  conclusion  becomes  inevitable. 
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With  regard  to  the  substance  gkitathione  it  would  seem  that  the 
properties  of  its  sulfur  group  are  such  that  once  the  presence  of 
the  dipeptide  in  a  tissue  has  been  shown,  a  recognition  of  the  fact 
that  it  exerts  a  real  influence  in  the  processes  of  reduction  and 
oxidation  as  they  occur  in  that  tissue  follows  ahnost  as  a  corollary. 

The  -SH  group  under  the  physical  and  chemical  conditions  which 
exist  in  living  tissue  is  certainly  autooxidizable.  It  is  equally 
certain  that  once  the  -SH  group  has  given  place  to  the  -S-S- 


FiG  1.  Curves  showing  uptake  of  oxygen  by  0.5  gm.  of  thermostable 
muscle  residue  (rabbit)  in  phosphate  buffer  solution  at  pH  7.6  and  20  C. 
(a)  In  the  presence  of  16  mg.  of  glutathione  (upper  curve) ;  (b)  m  the  pres- 
ence of  4  mg.  of  ghitathione  (middle  curve) ;  and  (c)  by  tissue  residue 
alone  without  dipeptide  (lower  curve).  The  glutathione  was  added  m  the 
oxidized  form  which  absorbs  no  oxygen  until  reduced  by  the  tissue. 

It  is  seen  that  a  4-fold  increase  in  the  concentration  of  the  dipeptide, 
while  increasing  the  initial  velocity  of  uptake,  had  no  effect  upon  the 
total  amount  of  oxygen  absorbed.  The  curves  indicate  that  the  extracted 
residue  contains  a  definite  limited  amount  of  material  readily  oxidizable 
in  the  presence  of  glutathione,  but  oxidized  only  very  slowly  in  its  absence. 
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group  as  the  result  of  such  oxidation  there  are  factors  in  the  tissues 
which  promptly  restore  equiUbrium  by  fresh  reduction  of  the  latter. 
This  ability  to  reduce  the  sulfur  groupings  is  displayed  in  high 
degree  by  a  tissue  during  the  first  stages  of  its  survival  processes; 
that  is,  immediately  after  its  removal  from  the  body,  though  the 
intact  tissue  loses  it  in  process  of  time.  It  follows  that  when  the 
—  SH  group  is  undergoing  oxidation,  or  (in  a  possible  case)  when 
its  hydrogen  is  being  transferred  to  some  other  acceptor,  a  certain 
concentration  of  this  oxidizable  group  is  maintained  so  long  as  the 
tissue  contains  transponible  hydrogen  for  the  purpose.  Whether, 
therefore,  the  quantitative  importance  of  this  process  in  the  tissues 
be  small  or  large  it  seems  to  follow  from  the  properties  of  the 
sulfur  group  and  from  the  particular  oxidation  and  reduction 
potentials  which  exist  in  the  tissues  that  glutathione  vmst  play 
a  part  in  certain  respiratory  activities.  Wliat  is  remarkable, 
however,  is  the  fact  that  its  part  in  the  tissues  should  apparently 
be  played,  not  in  connection  with  processes  of  a  familiar  type; 
not,  that  is  to  say,  with  chemical  reactions  controlled  by  enzjTiies 
or  unstable  catalysts,  but  in  relation  with  tissue  elements  which 
are  heat-stable  and,  directly,  at  least,  with  materials  which  are 
insoluble  in  aqueous  media.  It  should  be  understood  that  al- 
though little  has  been  said  of  the  matter  in  the  present  communica- 
tion there  is  evidence  to  show  that  soluble  metabohtes  do,  when 
proper  conditions  are  secured,  come  under  the  influence  of  what 
we  have  called  the  thermostable  system.  The  facts  which  bear 
upon  this  statement  will  be  given  in  a  later  paper. 

It  is  scarcely  possible  to  deny  that  the  thermostable  residue 
described  in  this  paper  as  reducing  and  "respiring"  in  the  presence 
of  the  suKur  group  of  glutathione  (but  effectively,  only  in  its 
presence)  really  represents— doubtless  imperfectly— a  system  with 
actual  functions  in  the  living  cell. 

A  freshly  excised  normal  tissue  freely  reduces  the  disulfide 
group  in  neutral  solution  and  at  the  temperature  of  the  body 
(a  propei-ty  which  chemically  speaking,  is  itseK  exceptional); 
the  same  tissue  after  thorough  washing  with  water  or  normal 
saline  solution  exhibits  still  the  same  projjerty,  and  no  one  prob- 
ably will  deny  that  this  is  due  to  factors  surviving  from  the  original 
tissue.  When,  however,  the  washed  tissue  residue  is  subsequently 
repeatedly  extracted  with  hot  water  the  final  residue  retains 
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almost  undiminished  the  reducing  power  in  question.  Whatever 
factors  are  then  responsible  it  is  scarcely  logical  to  suppose  that 
essentially  they  are  other  than,  those  which  confer  the  same 
property  on  the  original  tissue.  Yet  it  is  precisely  this  power 
of  reducing  the  disulfide  group  to  the  autooxidizable  sulfydryl 
group  that  makes  any  system  containing  glutathione  an  active 
mechanism. 

It  is  noteworthy  that  the  activities  which  are  estabhshed  when 
glutathione  is  brought  into  relation  with  a  tissue  which  has  been 
simply  well  washed  with  cold  water  show  little  if  any  quantitative 
difference  if  the  same  tissue  has  been  first  completely  extracted 
with  boiling  water.  They  are  scarcely  affected  if  the  tissue  be 
finally  dried  and  powdered.  In  this  particular  relation  the 
properties  of  what  we  have  called  the  thermostable  residue  are 
identical  with  those  of  a  tissue  simply  washed. 

It  is  certainly  not  easy  to  picture  what  precisely  can  be  the 
factors  of  constitution  in  the  thermostable  residue  which  determine 
its  peculiar  relations  with  suKur  groupings.  It  is  sure  that  it  does 
not  act  exclusively  in  a  physical  sense  as  a  colloidal  system.  The 
fact  that  the  uptake  of  oxygen,  which  it  exhibits  in  the  presence 
of  glutathione  is  associated  with  a  definite  output  of  CO2  shows 
that  materials  are  actually  oxidized  in  the  system.  The  dipeptide 
in  conferring  activity  upon  it  undergoes  itself  no  change  other  than 
reversible  changes  which  are  confined  to  the  sulfur  group.  The 
materials  oxidized  are,  therefore,  certainly  present  in  the  tissue 
residue  itself,  and  are  apparently  very  closely  associated  with  the 
remains  of  structural  elements.  They  do  not  represent  merely  a 
residuum  from  soluble  metabolites  imperfectly  removed  during 
the  treatment.  When  a  tissue  has  been  well  washed  and  then 
twice  or  thrice  ex-tracted  with  boihng  water  no  amount  of  sub- 
sequent extraction  affects  the  extent  of  oxygen  uptake  which 
occurs  when  the  preparation  is  afterwards  aerated  in  the  presence 
of  glutathione.  In  the  case  of  muscle  this  uptake  seems  indeed 
to  have  a  definite  and  characteristic  value,  being  nearly  the  same 
in  preparations  made  from  the  muscle  of  different  individuals,  and, 
to  judge  from  a  few  observations,  even  of  different  species. 

The  nature  of  the  materials  thus  closely  associated  with  the 
solid  elements  of  a  tissue,  and  displaying  towards  oxygen  the  pecul- 
iar relations  described,  is  as  yet  obscure.     They  are  not  apparently 
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of  a  lipoiii  nature  because  extraction  of  a  dried  preparation  with 
alcohol  and  ether  does  not  diminish  its  activity.  It  is  remarkable 
that  during  the  course  of  oxygen  uptake  the  respiratory  quotient 
of  the  thermostable  system  characteristically  falls  from  a  high 
initial  value  to  one  which  is  near  zero. 

It  is  clear  that  in  the  oxidations  (anaerobic  or  aerobic)  involved 
the  dipeptide  accelerates  transport  and  acts  as  a  "carrier."  In 
this  sense  it  is  a  catalyst.  It  would  seem  that  catabi;ic  functions 
of  a  kind  must  also  be  ascribed  to  the  residual  tissue  structures  in 
spite  of  the  fact  that  their  influence  withstands  the  effects  of  heat. 
We  have  at  least  been  ciuite  unable  to  find  any  substance  physio- 
logical or  other  which  by  itself  in  neutral  aqueous  solution  and  at 
ordinary  temperatures  is  capable  of  reducing  the  disulfide  group, 
or  upon  the  oxidation  of  which  under  such  circmnstances  the 
dipeptide  exerts  any  influence.  It  is  possible  that  the  molecules 
which  suffer  oxidation  are  in  some  way  orientated  as  the  result 
of  their  association  with  tissue  structures.  If  so,  the  configura- 
tion must  be  very  stable. 

While  there  is  much  that  is  obscure  in  the  phenomena  involved 
the  facts  in  our  opinion  fully  justify  the  claim  that  a  non-enzyniic 
oxidation-reduction  system  represented  by  the  thermostable 
residue  plus  the  sulfur  grouping  of  glutathione  actually  functions 
in  the  cell. 

It  is,  of  course,  quite  another  matter  to  decide  what  actual  share 
of  the  normal  respiratory  activities  of  a  living  tissue  can  be 
attributed  to  the  chemical  mechanism  under  consideration.  It 
is,  indeed,  scarcely  possible  to  obtain  real  information  of  any  such 
kind  from  experiments  such  as  ours,  or  from  those  of  others  using 
a  similar  technique.  When  the  tissues  are  chemically  dissected 
and  partially  reconstituted,  the  quantitative  relationships  among 
interacting  factors  and  no  less  their  spatial  relations  are  neces- 
sarily greatly  disturbed. 

Such  technique  can  satisfactorily  and  conclusively  demonstrate 
the  existence  of  a  particular  ch(?mical  mechanism  in  a  tissue; 
quite  other  evidence  must  decide  what  precise  quantitative  part 
it  plays  in  support  of  normal  tissue  activities  as  a  whole. 

Apart  from  reference  to  tissues  normally  metabolizing  it  is  not 
even  a  sunplc  matter  to  decide  what  proportion  of  the  whole 
oxidation-reduction  capacity  possessed  by  a  freshly  excised  tissue 
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is  reproduced  when  glutathione  alone  is  added  to  u  residue  which 
has  been  rendered  inactive  by  washing. 

It  should  be  fully  understood  that  in  our  expermients  the  reduc- 
tion velocities  recorded,  and  no  less  the  rates  of  oxygen  uptake, 
were  for  the  most  part  obtained  by  supplying  to  the  system  con- 
stituted by  a  washed,  or  by  a  washed  and  heated,  tissue  sus- 
pended in  buffer  solution  a  quantity  of  glutathione  much  greater 
than  what  would  be  contained  in  a  correspondmg  weight  of  the 
original  tissue.  We  have  usually  supplied  from  2  to  8  mg.  per 
gm  of  tissue,  whereas  1  gm.  of  fresh  muscle  contains  probably 
no  more  than  0.25  mg.  It  is  difficult  to  determine  what  may  be 
the  potentiaUty  of  this  lower  concentration  when  it  exists  m  pro- 
per relations  with  the  tissue  structure. 

\s  the  result  for  instance  of  heating  fresh  intact  muscle  to  100  C. 
the  velocity  with  which  it  reduces  methylene  blue  is  veiy  greatly 
reduced;  so  much  so  that  a  superficial  observation  might  decide 
that  the  reducing  power  had  disappeared,  though  this  is  by  no 
means  the  case.    The  reduction  proceeds  very  slowly  to  an  equihb- 
riuni  which  may  be  reached  very  rapidly  when  sufficient  gluta- 
thione is  supplied.     In  the  latter  case  the  relative  unportance  of 
the  thermostable  system  (compared  with  that  of  other  reducing 
systems  present  in  the  original  tissue  but  destroyed  by  heat) 
may  seem  to  be  exaggerated  by  an  artificial  increase  "^  one  of  its 
constituent  factors.     It  is  equally  sure  on  the  other  hand,  that 
relying  on  the  velocity  of  change,  its  importance  would  be  much 
underestmiated  if  the  behavior  of  the  heated  fresh  tissue  without 
addition  were  alone  considered.     It  would  be  entirely  wrong  to 
assume    from    this  that  with  the  relatively  low  concentration 
of  glutathione   present  in  fresh  muscle  the  reducing  mechan- 
ism   described    in    this    paper    is  under  normal   circumstances 
of   quite    small    quantitative    importance.     A    cell    constituent 
possessing  functions  such  as  those  claimed  for  glutathione  can 
scarcely  fail  to  have  in  the  intact  tissue  an  unequal  distribution. 
It  will  be  locally  concentrated -in  correlation  with  its  functions. 
The  disintegration  due  to  such  treatment  as  heating  to  100  U 
must,  especially  in  the  case  of  a  very  soluble  and  diffusible  sub- 
stance, gravely  disturb  such  efficient  distribution.     Moreover 
in  experiments  upon  methylene  blue  reduction,  or  upon  oxygen 
uptake,  the  tissue  must  ahnost  necessarily  be  suspended  m  a  fluid, 
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and  into  this  soluble  constituents  diffuse.  The  effective  local 
concentration  becomes,  therefore,  greatly  reduced.  If  it  is  to  be 
restored  by  increasing  the  concentration  in  the  fluid  this  increase 
may  need  to  be  considerable. 

In  our  experiments  with  preparations  deprived  altogether  of 
their  stock  of  glutathione  by  extraction  with  water,  cold  or  hot, 
the  dipeptide  was  restored  by  adding  it  to  the  fluid  in  which  they 
were  suspended  to  the  extent  of  about  1  to  2  parts  per  1,000  (about 
0.002  m).  Although  as  ah-eady  stated  the  artificial  system  (tissue 
preparation  plus  fluid)  contained,  as  a  whole,  much  more  of  the 
substance  than  would  appertain  to  a  corresponding  weight  of  the 
original  tissue,  it  is  unlikely  that  the  concentration  maintained 
at  the  actual  locus  of  change  was  above  normal.  It  was  quite 
probably  much  less.  The  reduction,  it  should  be  understood, 
proceeds  within,  or  at  the  surface  of,  a  solid  phase  (the  tissue 
residue),  and  not  in  solution. 

For  any  attempted  appraisement  of  the  relative  quantitative 
importance  of  the  phenomena  involved,  comparisons  of  final 
equilibria  are,  owing  to  lunitations  in  the  available  experunental 
methods,  perhaps  more  significant  than  comparisons  of  velocity. 
Even  from  these,  however,  it  is  difficult  to  draw  satisfactory 
conclusions.  A  dry  preparation  from  muscle,  representing  what 
we  have  called  throughout  this  discussion  the  thermostable  residue 
when  "respiring"  under  the  influence  of  glutathione,  takes  up  in 
all  about  400  c.mm.  of  oxygen  per  gm.  This  amount  appears  to 
be  characteristic  and  constant  for  preparations  made  on  the  lines 
described  in  the  last  section.  Calculated  for  moist  tissue  it  means 
an  uptake  of  rather  more  than  100  c.mm.  per  gm.  If  we  take 
Thunberg's  figm-es  for  the  respiration  of  excised  frog  muscle  at 
20°C.  this  corresponds  with  the  consumption  of  the  intact  tissue  for 
a  period  of  H  hours.  If,  again,  we  take  Verzar's  figure  for  the 
respiration  of  mammahan  muscle  in  situ  the  above  figure  corre- 
sponds to  the  consmnption  of  something  less  than  |  hour.  It  is 
not  easy  to  determine  satisfactorily  what  is  the  total  capacity  for 
oxygen  uptake  possessed  by  a  given  weight  of  fresh  excised  muscle. 
To  judge  from  approximate  data  obtained  by  ourselves  the  uptake 
of  the  thennostable  system  is  about  one-tenth  of  the  total  possible 
uptake  of  the  tissue  from  which  it  is  prepared. 
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Such  figures,  however,  have  but  a  limited  appUcation.  They 
give  no  conchisive  information  as  to  the  relative  importance  of 
events  in  a  tissue  normally  metaboUzing.  What  is  sure  (as  it  seems 
to  us)  is  that  in  the  living  cell  catalysis  by  enzymes  is  associated 
with  quite  another  type  of  catalysis.  How  they  are  related  in 
the  chemical  organization  of  the  cell  as  a  whole  can  only  be  estab- 
lished by  much  furthet  study. 

SUMMARY. 

When  a  tissue  is  washed  until  it  has  lost  its  power  of  reducing 
methylene  blue  the  subsequent  addition  of  glutathione  to  a  buffer 
solution  in  which  the  tissue  residue  is  suspended  restores  reducing 

power. 

This  is  the  case  when  the  dipeptide  is  added  m  its  oxidized 
(disulfide)  form.  The.tissue  residue  first  reduces  the  sulfur  group 
and  a  system  is  thus  established  which  under  anaerobic  conditions 
continuously  reduces   methylene   blue   until    an   equilibrium   is 

A  tissue  washed  until  it  no  longer  "respires"  will,  when  suitably 
treated  and  suppUcd  with  glutathione,  again  take  up  oxygen  and 
yield  carbon  dioxide. 

Such  part  of  its  reducing  power  and  respiratory  activity  as  is 
regained  by  a  washed  tissue  on  the  restoration  of  glutathione  re- 
mains almost  unaffected  when  the  tissue  is  heated  to  100°C.  or 
even  thoroughly  extracted  with  boiling  water. 

The  residue  from  muscular  tissue  so  heated  and  extracted  will 
in  the  presence  of  glutathione  take  up  about  400  c.mm.  of  oxygen 
per  gm .  of  dry  material.    During  the  earlier  stages  of  oxygen  uptake 

the  quotient  ^  is  usually  about  unity;  later  it  faUs  to  lower 

values. 

Glutathione  does  not  appear  to  be  a  coagent  in  any   known 

enzymic  system. 

The  facts  suggest  that  coexisting  in  living  tissues  with  the  special- 
ized enzymic  mechanisms  is  a  thermostable  mechanism  for  oxida- 
tions and  reductions.  Materials  in  some  close  association  wth 
structural  elements  are  oxidized,  anaerobically  or  aerobically,  with 
the  coagency  of  the  sulfur  group  in  glutathione. 
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NOTE  ON  A  COLORIMETRIC  METHOD  FOR  THE  DETER- 
MINATION OF  SMALL  AMOUNTS  OF  MAGNESIUM. 

By  F.  S.  HAMMETT  and  E.  T.  ADAMS. 

{From  The  Wislar  Institute  of  Anatomy  and  Biology,  Philadelphia.) 

(Received  for  publication,  September  6,  1922.) 

The  recent  pubUcation  by  both  Briggs^  and  Denis^  of  colori- 
metric  methods  for  the  determination  of  smaU  amounts  of  mag- 
nesimn  based  on  the  colorimetric  procedure  for  phosphorus  of  BeU 
and  Doisy,'  led  us  to  compare  our  method  of  separation  of  the 
NH4MgP04  precipitate  by  filtration^  with  their  method  of  separa- 
tion by  centrifugation. 

It  was  found  that  separation  by  filtration  and  subsequent  diges- 
tion of  the  asbestos  and  precipitate  with  dilute  HCl  invariably 
gave  results  which  were  sUghtly  greater  than  those  obtained  by 
centrifuging  off  the  NH4MgP04  and  solution  of  the  dried,  washed 
precipitate  in  the  centrifuge  tube.  A  search  for  the  source  of 
this  discrepancy  led  to  the  discovery  that  the  best  acid-washed 
asbestos  contains  sufficient  phosphorus,  or  other  substances 
capable  of  giving  the  Bell-Doisy  color  reaction,  to  yield  a  well 
defined  colorinjetric  test.  A  similar  finding  was  obtained  with 
pulp  made  from  the  best  grade  of  filter  paper. 

It  is  therefore  obvious  that  the  separation  of  NH4MgP04  by 
filtration  is  attended  with  the  possibility  of  a  difficultly  controllable 
plus  error,  and  that  separation  by  centrifugation  as  proposed  by 
both  Briggs  and  Denis  is  to  be  preferred. 

We  have,  therefore,  modified  om-  procedure,  in  that  we  now 
precipitate  the  magnesium  as  previously  described  in  25  cc. 
centrifuge  tubes,  scratch  the  sides  of  the  tubes  well,  and  allow  the 
mixture  to  stand  over  night.     The  precipitate  is  centrifuged  off, 

'  Briggs,  A.  P.,  J.  Biol.  Chem.,  1922,  lii,  349. 

2  Denis,  W.,  J.  Biol.  Chcm.,  1922,  lii,  411 . 

3  Bell,  R.  D.,  and  Doisv,  E.  A.,  J.  Biol.  Chem.,  1920,  xliv,  55. 

*  Hammett,  F.  S.,  and  .\dams,  E.  T.,  J.  Biol.  Chcm.,  1922,  lii,  211. 
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washed  t\vic(>  with  10  per  cent  NH4OH  and  once  with  ammoniacal 
alcohol,  dried,  and  dissolved  in  10  cc.  of  0.1  n  HCl  in  the  tube. 
The  subsequent  procedure  is  as  already  described. 

We  have  also  found  that  a  cause  of  the  fading  of  the  color  pro- 
duced in  the  Bell-Doisy  method,  mentioned  by  them,  by  Randies 
and  Knudson,^  and  by  Briggs^  is  the  use  of  old  carbonate-sulfite 
solutions  in  which  much  oxidation  of  sulfite  to  sulfate  has  occurred. 
Possibly  intermediate  products  of  the  reaction  (catalyzers  of 
oxidation)  are  contributing  factors.  That  the  color  fading  is 
due  to  oxidation,  is  shown  by  the  fact  that  it  begins  at  the  surface 
of  the  liquid  in  the  neck  of  the  flask.  We,  therefore,  use  carbonate- 
sulfite  solutions  not  older  than  2  weeks  and  which  have  been 
kept  in  tightly  stoppered  500  cc.  bottles. 

Differences  in  color  due  to  unequal  oxidation  are  done  away 
with  by  pom-ing  a  few  cubic  centimeters  from  the  second  test 
solution  at  the  same  time  the  colorhneter  cup  is  being  rinsed  with 
the  first.  In  the  magnesium  determinations,  however,  one  stand- 
ard is  used  for  each  test  solution  because  of  the  small  final  volume. 

"  Randies,  F.  S.,  and  Knudson,  A.,  J.  Biol.  Chen.,  1922,  liii,  53. 
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METABOLIC  DISTURBANCES  IN  CATS  ON  A  MILK  DIET.* 
Bt  GEORGE  W.  PUCHER  and  KARL  F.  CORLf 

{From  the  Department  of  Laboratories  of  the  Buffalo  General  Hospital  and 
the  State  Institute  for  the  Study  of  Malignant  Disease,  Buffalo.) 

(Received  for  publication,  September  16, 1922.) 

The  cats  used  in  our  studies  on  the  effect  of  x-rays  on  metaboUsm 
were  maintained  on  a  milk  and  meat  diet.  This  being  a  common 
food  for  domesticated  cats,  should  produce  no  metaboHc  dis- 
turbances. However,  these  animals  behaved  contrary  to  all  our 
expectations.  The  urine,  instead  of  being  acid,  was  intensely 
alkaline  to  brUliant  yellow  paper,  and  possessed  strong  reducing 
properties  (Benedict's  solution).  Furthermore,  the  odor  of  the 
urine  became  very  disagreeable  and  the  animals  suffered  from 
intermittent  diarrhea.  This  production  of  diarrhea  in  cats  after 
the  ingestion  of  milk  was  first  observed  by  Magnus^  and  utilized 
by  him  to  study  the  action  of  morphine.  That  these  phenomena 
were  not  accidental  is  shown  by  the  fact  that  when  water  was  sub- 
stituted for  milk,  a  strongly  acid  urine,  normal  for  carnivorous 
annuals,  was  excreted.  As  soon  as  milk  was  again  introduced  into 
the  diet,  the  same  symptoms  as  previously  mentioned  were  devel- 
oped. Such  profound  alterations  in  metabolism  on  the  mere  ad- 
dition of  milk  is  not  only  very  startling,  but  may  be  of  value 
in  understanding  those  diseases  of  babies  attributed  to  cows 
milk.  With  this  viewpoint  in  mind  the  following  preliminary 
experiments  were  undertaken  to  determine  the  salient  factors 
involved  in  this  curious  phenomenon. 

EXPERIMENTAL   PART. 

Qualitative  Observations.— Five  ordinary  cats,  fully  grown,  vary- 
ing in  weight  from  4  to  6  kilos  were  fed  once  a  day  with  150  gm.  of 
meat  and  100  to  150  cc.  of  water.  The  urine  so  collected,  pre- 
served from  bacterial  action  with  toluene,  was  light  yellow  or 

♦Presented  before  the  Biological  Section  of  the  American  Chemical 
Society  at  Pittsburg  and  released  for  publication  in  this  .lournal  by  the 
courtesy  of  the  Editorial  Board. 

t  We  wish  to  express  our  thanks  to  Miss  H.  Goltz  who  assisted  in  some 
of  the  determinations. 

'Magnus,  R.,  Arch.  ges.  Physiol.,  1906,  cv,  320;  1908,  cxxii,  210. 
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brown  in  color,  practically  odorless,  and  contained  only  a  small 
quantity  of  sediment.     It  was  acid  to  litmus,  brilliant  yellow, 
and   phenolphthalein.     It    did    not   reduce    Benedict's   solution 
(5  minutes  boiUng),  and  contained  only  a  very  small  amount  of 
carbon  dioxide.    No  differences  were  observed  between  male  and 
female  animals.   When  150  cc.  of  milk  in  addition  to  the  meat  were 
fed   within  the  first  24  hours,  the  urine  of  all  five  cats  became  a 
dirty  gray  in  color,  very  turbid,  and  contained  considerable  sedi- 
ment most  of  which  consisted  of  triple  phosphates.     Only  a  very 
few  scattered  epithelial  ceUs  and  no  pus  cells  were  Present;  no 
positive  test  for  albuunn  could  be  obtained.     These  observations 
fndicate  that  cystitis  may  be  excluded.     The  odor  of  the  jnne 
became  very  intense  and  the  reaction  strongly  alkaline   «  b"lliant 
yellow  while  in  some  instances  even  alkaline  to  phenolphtlmlem. 
All  samples  reduced  Benedict's  solution  (5  minutes),  and  con- 
Tained  large  amounts  of  bicarbonates.    Diarrhea  always  developed 
in  the  first  24  hour  periods  and  continued  intermittently  over  the 
whole  course  of  the  experiments.     The  animals,  however,  did  not 
appear  sick  and  lost  no  weight.     The  milk  was  taken  greedily  by 
tTe  animals,  and  was  apparently  thoroughly  enjoyed.    As  a  matter 
of  fact  the  cats  preferred  the  milk  to  the  meat  and  generally  con- 
smned'this  part  of  the  diet  first.    The  same  type  of  reactions  were 
obtained,    over  the  whole  experimental  period  although  the  mten- 
Z  varied  from  day  to  day.     At  no  time,  even  after  a  period 
of  3  weeks,  was  the  urine  acid  to  brilUant  paper  or  free  from  large 
quantities  of  bicarbonates.     When  the  milk  was  withdrawn  and 
water  substituted,  the  animals  always  gave  the  normal  unne 

'''?hesc?experiiients  show  that  the  administered  milk  was  the 
cause  of  this  unique  change  in  metabohsm  and  that  it  was  not  a 
peculiarity  of  one  particular  cat  but  a  general  phenomenon  of  a 
varietv  of  cats  picked  up  at  random. 

Omntitatwe  Experiments.-Tho  cats  were  kept  in  ordinary  wire 
cages  S^^ncUne'd  galvanized  iron  bottoms  fitted  with  dramage 
jpe  connected  to  bottles  containing  about  10  to  15  cc.  of  toluene. 
The  animals  were  fed  once  a  day  at  10.30  a.m.  The  cups  con- 
taining the  milk  or  water  were  fastened  to  the.cages  m  such  a  way 
that  spi  ling  of  the  contents  was  excluded.  Well  nourislied,  full 
lln  heafthy  cats,  which  had  been  adapted  to  cage  life  were 
emploied  in  these  experiments.    The  cats  showed  no  signs  of 
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excitement  or  restlessness  and  were  exceptionally  good  animals  for 
metabolism  experiments. 

The  food  used  consisted  of  fresh  meat  without  bones  or  fat  and 
of  pasteurized  cows  milk  obtained  from  the  hospital  kitchen. 
The  food  was  always  completely  consumed.  For  this  preliminary 
study  the  following  substances  were  determined. 

Total  Nitrogen.— Folin's  microchemical  Kjeldahl  method  was 

used. 

Ammonia.— Folin's  and  McCallum's  procedure  was  employed. 

Su^ar.— The  urine  was  first  tested  qualitatively  with  Benedict's 
solution  and  if  positive  run  quantitatively  as  in  the  Myers  and 
Benedict  blood  sugar  method.  It  had  been  determined  by 
experiment  that  in  the  dilutions  used  (2  cc.  of  a  1 :10  dilution) 
the  color  produced  by  the  creatinine  could  be  neglected. 

Total  Carbon  Dioxide.— This  was  determined,  in  the  Van  Slyke 
apparatus,  on  the  urine  after  saturation  of  a  sample  with  CO2 
at  alveolar  air  tension.  Although  this  procedure  does  not  give  the 
nctual  amount  of  carbon  dioxide  present  at  the  time  the  urine 
leaves  the  bladder,  nevertheless  it  is  the  only  way  consistent  results 
could  be  obtained.  By  this  method  the  same  values  for  the  carbon 
dioxide  content  were  obtained  whether  the  sample  was  analyzed 
immediately  after  voiding  or  24  hours  thereafter.  These  values  are 
probably  very  near  the  actual  ones,  since  Gamble^  has  shown  that 
the  elimination  of  carbonic  acid  in  the  urine  is  determined  by  the 
carbon  dioxide  tension  of  the  blood  plasma.  For  the  sake  of 
convenience  the  total  carbon  dioxide  has  been  calculated  over  to 
sodium  bicarbonate  and  referred  to  as  such  in  the  discussion. 
Of  course,  in  those  instances  in  which  the  urine  is  acid  to  phenol- 
phthalein  there  is  no  doubt  that  the  carbon  dioxide  evolved 
represents  the  bicarbonate  that  is  present.  However,  in  those 
experiments  in  which  the  urine  was  also  alkahne  to  phenol- 
phthalein  a  large  part  of  the  carbon  dioxide  is  in  the  form  of 
carbonates,  but  from  the  data  at  present  available  the  carbonate- 
bicarbonate  ratio  cannot  yet  be  evaluated. 

Acidity. — The  degree  of  acidity  or  alkaUnity  is  expressed  in 
terms  of  cc.  of  0.1  n  alkali  or  acid,  using  phenolphthalein  as 
indicator. 

The  data  obtained  by  these  procedures  are  presented  in  Tables 
I  and  II. 

'■  Gamble,  J.  L.,  J.  Biol.  Chem.,  1922,  li,  205. 
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Weight  of  9  ( 

,at  = 

=  4.5  kilos. 

Weight  of  cf  cat  = 

=  3.7  kilos. 

1 

1 

1 

.Acidity. 

NaHCOj 

1  Time 

Volume. 

Specihc 
graWty. 

Sugar.         1 

+  =  0.lNNaOH 
-  =  0.1  nHiSO. 

(calculated  from 
total  CO2). 

(NH,). 

Date.      1  inter- 

Vftl. 

9 

d" 

9 

c? 

9 

cT 

9 

tf 

9 

& 

9 

t9BS             hrs. 

cc. 

cc. 

gm. 

gvi. 

cc. 

cc. 

gvi. 

gm. 

gm. 

g 

Apr.  30      48 

May    1      48 
"      3      24 

170 

180 

0 

0 

+58.0 

+46.0 

0.56 

0 

?m 

210 

0 

0 

+  18.0 

+46.0 

0.45 

U 

^?.(\ 

90 

1.052 

1.052 

0 

0 

+64.0 

+43.0 

0.02 

0.02 

"      4      24 

so 

1^5 

1.056 

1.046 

0 

0 

+48.0 

+63.0 

0.02 

0.02 

"      5      24 

110 

140 

1.060 

1.042 

0 

0 

+58.0 

+  66.0 

0.02 

0.02 

0.42 

0 

"      6      24 

170 

iri5 

1.036 

1.030 

2.35 

2.28 

+  18.0 

+61.0 

0.58 

0.48 

0.58 

0 

"      7  .    24 

70 

155 

1.048 

1.036 

0.94 

1.78 

-  5.6 

-  6.9 

0.45 

0.86 

0.35 

0 

"      8      24 

85 

195 

1.050 

1.050 

1.5 

3.9 

+15.3 

+37.0 

0.20 

0.54 

0.33 

u 

"      9 

24 

05 

0 

1.050 

0.85 

+33.0 

0.04 

0.34 

"     10 

24 

0 

125 

1.046 

2.09 

+  17.9 

0.30 

u 

"     11 

24 

95 

2.S0 

1.048 

1.044 

0.95 

3.48 

+  19.8 

+  9.0 

0.078 

0.953 

0.43 

0 

«     12 

24 

120 

155 

1.042 

1.038 

1.52 

2.48 

+  15.6 

+24.8 

0.19 

0.46 

0.42 

0 
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NHj 

Total  nitrogen 

Diet. 

Remarks. 

cf 

9 

cT 

gm. 

6.5 

0.071 

0.037 

150  gm.  meat  +  HjO. 

Normal  period. 

5.0 

0.074 

0.052 

150  "          "     +      " 
150  "          "     +      " 
150  "          "     +      " 

■Meat    was    thrice    extracted 
with  hot  water  before  feed- 

0.066 

0.051 

150  "          "     +      " 

ing. 

3.8 

0.12 

0.14 

150  gm.  meat  +  150  cc.  milk. 

Trace  of  diarrhea. 

4.8 

0.14 

0.12 

150  "          "     +  150  " 

Diarrhea. 

0.11 

150  "          "     +  150  " 

Urine  dirty  gray  in  color. 

0.076 

150  "          "     +  150  "        "  (?) 

Odor  very  bad. 

5.1 

0.11 

150  "          "     +  150  " 

8.2(?) 

0.13 

0.12 

150  "          "     +  150  "        " 

4.5 

0.10 

150  "          "     +  150  " 
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Weight  of  9  cat  =  4.5  kilos.     Weight  of  &  cat 

=  3.7  kilos. 

Time      Volume. 
Date.         inter- 
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gra-vnty. 
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-(-  =  0.lNNaOH 
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9             cT 

9             cf 
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9       1      cf 
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hrs. 
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24 
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1.058 
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0.0 

0.0 

+  74 
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48 
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175 
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0.0 
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3 

June  28 

48 
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275 
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24 
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NH. 


Total  nitrogen 


Diet. 


gm. 

0.093 

150  gm. 

raw  meat  +  HjO. 
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0.034 

150    " 

H              iC           1           « 

13.0 
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0.041 
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it           a         1          " 

13.5 

0.04S 
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a           It         I          It 

CO 
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tt           It         1          tt 
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0.05 

150  gm.  raw  meat  +  200  cc.  milk. 

4.7 

O.SO 

0.25 
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4.5 

0.29 

0.17 
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0.10 

0.12 
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3.5 

0.29 

0.10 
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3.5 

0.38 

0.21 
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3.5 

1.02 

0.47 

300  cc.  milk. 

300    "      " 

3.7 

0.65 

0.49 
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1.1 

0.94 

1.08 

300    "       " 

1.2 

1.12 

0.96 

300    "      " 

3.9 

0.40 

0.29 

2.1 

0.63 

0.20 

3.2 

0.46 

0.53 

2.9 

0.73 

0.69 

3.1 

0,67 

0.17 

4.4 

0.21 

0.03S 

3.2 
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0.041 

150  cc.  milk 
150    "      " 
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150  gm.  meat  +  HjO. 
150     "        "     +      " 
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Kemarks. 


Normal  period. 


Sediment 
chiefly  tri- 

■    pie    phos- 
phates. 

No  albumin. 


Strong  diarrhea. 
Faint     diarrhea. 

1  During  this 

week  no  quan- 
titative data. 
Urine  always 
alkaline  and 
reduced  Bene- 
dict's solution 
Strong  diarrhea. 


Diarrhea. 

Only  a  few  crystals  of  triple 
phosphates  in  sediment. 


Strong  diarrhea. 
Very   flocculent  yellow   sedi- 
ment.    Diarrhea. 


hUrine  clear  as  in  Section  \. 
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DISCUSSION    OF   TABLES. 


Tabic  I. —It  will  be  noted  that  within  24  hours  after  the  feeding 
of  the  milk,  the  urine  contains  nine  times  as  much  bicarbonate 
as  during  the  normal  period.  This  large  excretion  of  bicarbonate 
is  not  constant,  but  always  markedly  higher  than  in  the  nonnal 
period.  It  will  also  be  noted  that  the  total  acidity  is  decreased 
as  the  bicarbonate  content  increases.  The  ammonia-total  nitro- 
gen ratio  is  also  increased  1.5  times  under  the  influence  of  the  milk 
diet.  All  urines  on  a  milk  diet  showed  a  positive  Benedict's  test 
and  varied  in  their  total  sugar  excretion  as  shown  in  Columns  7 
and  8.  (See  discussion  concerning  this  reducing  substance.)  It 
mil  be  observed  that  the  male  cat  always  has  a  higher  excretion 
of  sugar  than  the  female. 

Table  II..  Section  A.— This  simply  represents  a  normal  period  on 
a  meat  and  water  diet. 

Table  II,  Section  B.— The  addition  of  50  cc.  more  of  milk  to  the 
diet  increased  the  symptoms  recorded  in  Table  I  to  a  much 
greater  degree.  Within  48  hours  after  the  addition  of  the  milk 
the  bicarbonates  increased  in  the  case  of  the  female  cat  350  times 
over  the  normal  value,  while  in  the  male  cat,  it  was  100  times  over 
the  normal.  It  will  be  noted  that  the  urine  in  both  animals,  with 
the  increased  ehmination  of  bicarbonates,  has  become  strongly 
alkaline  even  to  phenolphthalein.  The  ammonia-total  nitrogen 
ratio  increased  in  the  female  cat  ten  times  and  in  the  male  cat 
six  times  over  that  of  the  normal  period.  The  reducing  properties 
of  the  urine  on  this  diet  was  about  the  same  as  in  Table  I. 

Table  II,  Section  C— These  experiments  are  a  continuation  of 
those  in  Section  A.  The  meat  diet  was  eliminated  and  the  milk 
increased  to  300  cc.  The  animals  lost  no  weight  during  this  5 
day  period  and  the  symptoms  were  of  the  same  general  character 
as  recorded  in  the  other  sections.  However,  it  will  be  noted  that 
the  ammonia-total  nitrogen  ratio  as  well  as  the  amount  of  bicar- 
bonate excreted  was  higher  than  in  any  of  the  other  protocols. 

Table  II,  Section  D.— This  is  a  continuation  of  Section  B  in 
which  the  milk  was  cut  down  to  150  cc.  This  was  practically  a 
starvation  diet.  The  results  are  similar  to  those  reported  in  the 
preceding  sections,  the  urine  contmuing  to  be  alkaline  and  the 
ammonia-total  nitrogen  ratio  far  above  its  normal  value.     To 
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see  how  long  a  period  was  requii-ed  to  bring  the  animals  to  their 
normal  state,  (latter  half  of  Section  D),  after  a  3  weeks  milk  diet 
the  normal  diet  (150  gm.  of  meat  and  water)  was  again  fed.  In 
2-i  hours  the  urine  of  both  animals  was  acid  to  phenolphthalein 
and  contained  no  reducing  substances.  The  bicarbonate  and 
ammonia-total  nitrogen  ratio  were  still  high  but  within  48  hom-s 
this  had  also  returned,  in  the  case  of  the  male  cat,  to  its  normal 
value.  The  female  cat  required  96  hours  to  reach  the  values  of 
the  normal  diet. 

DISCUSSION    OF   DATA. 

Our  qualitative  as  well  as  quantitative  results  prove  that  cats 
suffer  a  disturbance  in  their  alkah  metabolism  when  on  a  milk 

TABLE  III. 
Summary  of  Data. 


Volume,  cc 

Specific  gravity. 

Sugar,  gm 

Acidity,*  cc 

NaHCOj,  gm.... 

NHj,  gm 

NHa 
Total  nitrogen 


Normal  period. 


Meat  and  water. 
Average  amount  ex- 
creted in  24  hrs. 


91.0 
1.059 
0.0 
+41.0 
0.017 
0.288 

0.065 


109.0 
1.048 
0.0 
+50.0 
0.018 
0.245 

0.049 


MUk  diet. 


Average  amount  ex- 
creted in  24  hre. 


148.0 
1.034 
2.7 
-108.0 
1.94 
1.01 

0.405 


187.0 
1.030 
7.5 
-  5.2 
1.16 
0.79 

0.282 


•  +  =  O.lNNaOH. 
-  =0.1nHjSO,. 

diet.  This  is  particularly  shown  by  the  huge  amounts  of  bicar- 
bonate clmiinated  by  the  animals  on  such  a  diet.  Animals  fed  on 
meat  and  water  e.xcrete  only  a  small,  but  very  constant  amount  of 
bicarbonate.  This  observation  is  in  harmony  with  that  of 
Gamble-  on  human  urine. 

In  order  to  olitain  a  better  contrast  between  cats  on  a  normal 
diet  and  those  fed  with  milk  Table  III  is  recorded.  The  figures 
represent  the  average  sum  of  the  substances  excreted  for  24  hours 
on  the  two  diets. 
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The  mechanism  of  these  changes  in  the  metabohsm  of  the 
cats  or  the  substances  present  in  the  milk  which  induce  these 
changes  have  not  yet  been  completely  determined.  However,  it 
has  been  proven  that  lactose  alone  is  not  responsible  for  any  of  the 
effects  observed.     This  is  demonstrated  by  the  data  in  Table  IV. 

It  will  be  observed  that  on  the  administration  of  lactose  the  urine 
in  no  case  became  alkaUne  (to  brilliant  yellow  or  phenolphthalem) 
or  increased  in  bicarbonate  content.  The  anmionia-total  nitrogen 
ratio  remained  constant  during  the  entire  experimental  period. 
It  will  also  be  observed  that  even  though  the  anunals  suffered 
from  diarrhea  on  an  excess  of  lactose,  none  of  the  sjonptoms  similar 
to  those  shown  on  a  milk  diet  were  developed.  This  indicates 
that  the  marked  disturbances  in  cats  produced  by  milk  are  prob- 
ably independent  of  the  occurrence  of  the  diarrhea. 

These  experiments  also  indicate  that  cats  have  a  relatively  high 
lactose  tolerance  and  that  only  after  25  to  30  gm.  in  48  hours 
have  been  ingested  is  there  any  sugar  excreted  in  the  mine.  Yet 
in  most  of  our  experiments  in  which  milk  was  administered  to  the 
cats,  a  sugar  reduction  was  obtained.  It  seems  very  improbable 
that  this  could  be  lactose  since  the  amoimt  of  lactose  contained  in 
the  milk  was  far  below  the  determined  lactose  tolerance  of  the 
animals.  Furthermore,  no  lactose  could  be  identified  (mucic 
acid  test)  in  any  of  the  mines  examined.  The  natme  of  this 
reducing  substance,  for  the  present  recorded  as  sugar,  will  be 
investigated  later.  It  is  also  our  intention  to  determine  the 
constituents  of  the  milk  responsible  for  this  change  in  cat  me- 
tabohsm and  to  apply,  if  possible,  these  observations  to  metabolic 
disturbances  produced  in  babies  by  cows  milk. 

SUMMAHT. 

1.  Cats  when  fed  on  meat  and  water  excrete  a  urine  normal  for 
carnivorous  animals.  The  total  carbon  dioxide  content  of  the 
mine  is  very  small  and  constant  in  value. 

2.  Cats  when  fed  on  milk  excrete  within  24  to  48  hours  a  urine 
which  shows  the  following  qualities:  (a)  Alkaline  to  brilhant 
yellow  or  even  to  phenolphthalein;  (b)  substances  which  easily 
reduce  Benedict's  solution  (5  minutes  boiUng) ;  (c)  huge  amounts 
of  bicarbonates  (calculated  from  total  carbon  dioxide  evolved); 
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and  (d)  increase  of  the  ammonia  and  the  ammonia-total  nitrogen 

ratio. 

3.  These  symptoms  were  observed  as  long  as  the  anmials  were 

maintained  on  a  milk  diet  (3  weeks). 

4.  Within  48  hours  after  the  withdrawal  of  the  milk  the  annuals 
returned  to  normal. 

5.  Milk  sugar  is  not  responsible  for  these  changes  m  the  alkah 

metabolism  of  the  cats. 


ON  THE  CONSTANCY  OF  THE  CREATINE-CREATININE 

EXCRETION  IN  CHILDREN  ON  A  HIGH 

PROTEIN  DIET.* 

By  victor  JOHN  HARDING  and  OLIVER  HENRY  G.AEBLER. 

(From   the  Department  of  Pathological  Chemistrii,    Uiiiversil!/  of  Toronto, 

Toronto,  Canada.) 

(Received  for  publication,  September  19,  1922.) 

In  a  general  way  it  is  usually  agi-ecd  that  the  appearance  of 
creatine  in  the  urine  is  concomitant  with  a  lowered  creatinine 
excretion,  and  such  a  generaUzed  idea  has  been  adduced  as  a 
reason  for  the  biochemical  interrelationship  of  the  two  substances. 
So  diverse,  however,  have  been  the  conditions  under  which  creat- 
inuria  has  been  observed  to  appear  and  disappear,  that  such  a 
generalized  expression  has  never  been  accorded  the  validity  of  a 
biochemical  law. 

The  clearest  example  of  the  reciprocal  relationship  of  creatine 
and  creatinine,  and  the  consequent  constancy  of  the  excretion  of 
the  sum  of  both  in  an  individual,  is  perhaps  to  be  found  in  the 
work  of  Benedict  and  Diefendorf  (1)  on  starvation  in  a  woman. 
Goldsclunidt,  Pepper,  and  Pearce  (2)  point  out  the  constancy  of 
the  total  creatinine  (creatine  +  creatinine)  in  a  child  of  5^  years, 
observed  before  and  after  splenectomy.  Cameron  and  Gibson  (3), 
from  a  study  of  the  creatine-creatinine  excretion  in  various  cases 
of  muscular  dystrophy,  and  in  amputations,  argue  strongly  for 
the  interrelationship  of  the  two. 

The  clear-cut  character  of  results  such  as  these,  however,  has 
not  always  been  attained,  and  it  is  such  failures  which  have 
militated  against  the  placing  of  the  relationship  of  creatine  and 
creatinine  upon  a  quantitative  basis.  Thus,  to  cite  only  one  recent 
example,  we  may  mention  the  work  of  M.  S.  Rose  (4)  upon 
creatinuria  in  women,  where  after  noticing  that  "very  often  when 

*  The  authors  wish  to  acknowledge  the  assistance  of  a  grant  from  the 
Research  Committee  of  the  Medical  Faculty  of  the  University  of  Toronto. 
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the  creatine  was  high  the  creatinine  was  low,  and  vice  versa," 
she  observes,  "but  in  plotted  curves  the  sum  of  the  two  did  not 
make  a  straighter  line  than  either  one  alone. " 

So  many  factors,  however,  have  been  found  to  influence  the 
excretion  of  creatine  (acidosis,  dietary  protein,  water  drinking), 
that  such  failures  are  not  surprising,  and  it  is  only  when  such  fac- 
tors are  brought  under  rigid  control  or  are  compensated  by  ob- 
servations over  longer  periods  of  time  and  the  taking  of  averages, 
that  the  reciprocal  relationship  of  creatine  and  creatinine  is  shown 
to  be  quantitative. 

In  the  present  paper,  we  wish  to  show  that  normal  children  of 
the  same  age  and  under  the  same  environment,  excrete  the  same 
quantity  of  total  creatine  (creatine  +  creatinine  in  terms  of  crea- 
tine). And  that,  if  the  total  creatine  in  milligrams  be  expressed 
as  a  coefficient  of  the  body  weight  in  kilos,  the  figure  obtained  is  a 
constant,  independent  of  the  age  of  the  child,  and  of  the  same 
magnitude  as  the  creatinine  coefficient  of  an  adult  man.  This 
figure  we  have  called  the  "total  creatine  coefficient." 

The  experiments  upon  which  these  conclusions  are  based  were 
commenced  with  the  object  of  repeating  the  observations  of  Denis 
and  Kramer  (5)  upon  the  creatinui'ia  of  children,  and  we  may  say 
that  our  experiments  are  corroborative  of  the  findings  both  of 
these  workers  and  of  Powis  and  Raper  (6).  We  wish,  however, 
in  this  communication,  to  report  the  results  obtained  on  as  high 
a  protein  diet  as  the  child  could  conveniently  consume.  At  the 
outset  we  wish  to  emphasize  the  normal  character  of  our  children. 
They  were  children  living  at  an  Institute^  on  the  outskirts  of  the 
city,  and  who  had  been  sent  there  as  mild  cases  of  malnutrition 
with  a  history  of  possible  exposure  to  tuberculosis.  In  none  of 
them,  however,  had  there  been  any  active  infection,  and  all  were 
at  normal  weight  and  actively  engaged  in  play  in  the  grounds  of  the 
Institution.  They  were  thus  during  the  experiment,  and  for  some 
time  previous  had  been,  under  the  same  environmental  conditions 
of  diet  and  exercise.     Twelve  children  were  selected  and  divided 

>  The  authors  wish  to  express  their  thanks  to  the  Governors  of  the 
Daughters  of  the  Empire  Preventorium  for  permission  to  use  their  labora- 
tories, and  the  facilities  for  work  which  they  afforded.  Thanks  are  also 
due  to  Professor  Alan  Brown,  of  the  Department  of  Pediatrics,  for  the  keen 
interest  he  has  taken  in  the  work. 
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into  three  groups  according  to  age,  and  each  gi-oup  consisted  of 
two  children  of  each  sex.  They  were  fed  at  a  separate  table,  and 
the  diet  and  urine  collections  were  made  the  special  care  of  one 
nurse  Each  group  was  studied  separately.  The  diet  consisted 
of  cereals,  eggs,  bread,  butter,  mUk.^  potato,  vegetables,  sugar 
and  oranges.  The  amount  taken  at  each  meal  was  charted,  and 
the  nitrogen  intake  calculated.  Except  that  the  chUdren  were 
deprived  of  meat  and  soups  made  from  meat  stock,  the  diet  did 
not  differ  markedly  from  that  to  which  they  were  accustomed, 
and  as  meat  was  in  the  ordinary  routine,  only  supplied  once  a 
day  the  experunental  period  represented  no  sharp  break  from 
thei^  customary  diet.  In  Table  I  are  presented  the  average  figures 
for  a  3  day  period  for  each  child  when  on  the  high  protein  diet. 
The  constancy  of  the  nitrogen  excretion  of  each  group  upon  the 
same  diet  will  be  noted. 

Group  A,  the  youngest  children,  shows  a  remarkable  constancy 
in  the  total  creatine  excretion,  each  child  varjdng  but  a  few  milH- 
grams  from  the  average  of  the  whole  group  (344  mg.).  Group  B 
also  shows  a  good  agreement  in  the  excretion  of  total  creatine  by 
each  child,  and  it  is  Group  C  which  shows  the  greatest  discrepan- 
cies In  this  last  group,  it  would  ahnost  appear  that  the  boys 
were  separating  from  the  girls.  If,  however,  we  compare  the  total 
creatine  coefficients  with  the  creatinine  coefficients,  the  reciprocal 
natm-e  of  creatine  and  creatinine  in  children  comes  clearly  to  light. 
The  creatinine  coefficients  range  from  10.1  to  18.2,  whereas  the 
total  creatine  coefficients  vary  from  21.3  to  27.6,  and  this  last 
figure  stands  alone  in  this  series,  a  much  better  high  lumt  being 
24.7.  The  averages  for  each  group  too  are  instructive.  The 
average  creatinine  coefficient  for  each  group  rises  definitely  with 
increasing  age  and  weight,  accompanied  as  it  is  by  an  increasing 
percentage  of  musculatiu-e.  The  total  creatine  coefficient,  how- 
ever, is  remarkably  steady  around  the  total  average  of  23.1. 
Particularly  interesting  too,  is  the  case  of  L.  G.  in  Group  C.  This 
girl  was  a  big,  heavy  girl,  overweight  according  to  her  age,  and 
whose  creatinine  coefficient  was  distinctly  under  the  average  of 
her  group.     Yet,  she  excreted  nearly  half  as  much  creatine  again, 

2  The  ingested  creatine  coming  from  tlie  milk  amounted  to  20  to  30  mg. 
per  day.  This  amount  is  of  insignificance  compared  with  the  total 
excretion. 
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as  her  companion  girl  in  the  same  group,  and  her  total  creatine 
coefficient  becomes  almost  exactly  the  same  as  the  total  average. 

These  findings,  like  those  of  Folin  and  Denis  (7)  and  Denis  and 
Kramer  (5),  receive  their  simplest  interpretation  by  assmning  that 


TABLE  I.' 


Child. 


Sex 


Weight. 


Nitro- 
gen 
intake. 


Total 

urine 

nitrogen 


Average 
crea- 
tinine, 


Crea-  Average 

tinine  creatine 

coeffi-  escre- 

cient.  tion. 


Total 
crea- 
tine. 


Total 

creatine 

coefl&- 

nient. 


Group  A.    Ages  2i  to  SJ  yrg. 


M.W. 
H.C. 
G.L. 
V.D. 

F. 

ho. 
14.0 
14.0 
14.5 
15.0 

OVi. 

12.1 
12.1 
12.1 
12.1 

gm. 

6.13 

6.78 
6.21 
6.85 

mg. 

173 

141 
ISO 
200 

12.4 
10.1 
12.5 
13.6 

mg. 

138 
145 
121 
125 

mg. 

338.68 
308.56 
329.80 
357.00 

24  19 
22.04 
22.74 
23.80 

Group  ave 

12.1 

23.2 

Group  B. 

Ages 

4  to4| 

yrs. 

A.M.C. 
D.F. 
W.R. 
A.L. 

F. 

M. 

16.5 
19.1 
19.0 
17.0 

11.4 
11.4 
11.4 
11.4 

6.25 
7.34 
8.43 
7.00 

223 

276 
281 
261 

13.7 
14.2 
15.0 
15.6 

100 

109 
90 

77 

358.68 
429.16 
415.96 
379.76 

21.7 
22.4 
21.9 
22.4 

Group  avei 

■age.. 

14.6 

22.1 

Group  C. 

Ages 

9  to9| 

yrs. 

C.A. 

F. 

28.8 

15.6 

10.94 

524 

18.2 

187 

794.84 

27.6 

L.G. 

U 

33.5 

15.6 

10.06 

439 

14.lt 

259 

769.24 

22.9 

R.A. 

M. 

25.0 

15.6 

10.61 

454 

18.0 

90 

616.64 

24.7 

S.G. 

(( 

27.6 

14.3 

9.13 

476 

17.6 

36 

588.16 

21.3 

18.1 

23.9 

*Anahjiical  Methods. — Total  nitrogen,  micro  method  of  Gulick.  Creatine 
and  creatinine,  micro  method  of  Folin  using  creatinine-zinc  chloride  as 
standard.  pH,  method  of  Palmer  and  Henderson;  these  never  showed 
any  significant  variations. 

t  Excluded  from  average. 

creatine  is  produced  from  protein  either  in  toto  or  from  a  special 
fraction  of  it,  is  stored  in  the  muscles,  and  is  converted  into  creat- 
inine. With  the  saturation  of  the  muscles  with  creatine,  any 
excess  production  will  find  its  way  into  the  urine,  and  provided  the 
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dietary  protoin  is  not  reduced  to  siich  a  low  level  that  a  condition 
of  protein  starvation  occurs,  the  urinarj-  creatine  will  appear  as  a 
waste  product  of  exogenous  origin.  If,  however,  the  constancy 
of  the  total  creatine  coefficient,  when  upon  a  high  protein  diet, 
is  admitted,  it  would  involve  the  conclusion  that  creatine  produc- 
tion reaches  a  maximum,  and  that  once  that  maximimi  is  reached 
no  amount  of  further  feeding  of  protein,  however  excessive,  will 
result  in  an  augmented  creatinuria.  Similarly,  moderate  de- 
creases in  protein  intake  may  fail  to  lower  or  abolish  an  existing 
creatinuria.  That  such  a  maxunmn  probably  exists  can  be  shown 
experimentally  in  dogs,  and  these  residts  will  be  reported  later. 

The  acceptance  of  these  conclusions  also  involves  a  further 
corollary  that  the  muscular  system  does  not  control  the  production 
of  creatine.  It  is  certainly  remarkable  that  a  child  of  3  years 
should  produce  per  kilo  body  weight  as  much  total  creatine  as  an 
adult  man.  The  muscular  system  of  the  child  has  not  reached 
its  maximum  percentage  of  the  total  body  weight,  and  the  relative 
creatinine  production  is  low.  It  would  thus  appear  that  creatine 
disappears  from  the  urine  of  the  adult  man  when  the  creatinine 
coefficient  has  attained  its  average  maximmn  value,  and  the 
muscular  system  has  also  reached  its  average  adult  percentage  of 
the  total  body  weight.  This  being  so,  one  can  only  agree  in  part 
with  Mellanby  (8)  that  the  production  of  creatine  is  not  con- 
trolled by  the  muscular  system,  which  is  in  harmony  with  its 
phylogenetic  and  otogcnetic  history.  Cameron  and  Gibson  (3) 
in  a  recent  article,  have  expressed  a  similar  conclusion  from  a 
study  of  the  creatine-creatinine  excretion  in  muscular  dystrophies 
and  amputations. 

Influence  of  Age  and  Sex  upon  Creatinuria. 

In  view  of  the  figures  given  in  Table  I  and  the  conclusions  which 
have  just  been  expressed,  it  is  evident  that  some  of  the  current 
conceptions  on  the  effect  of  age  and  sex  upon  the  creatine  excretion 
of  children,  require  revision.  These  conceptions  are  based  upon 
the  work  of  Rose  (9)  and  Krause  (10).  The  former  drew  the 
conclusion  that  creatine  was  present  in  the  mine  of  children  up 
to  the  age  of  puberty;  the  latter  that  creatinuria  was  present  in 
boys  up  to  the  ago  of  5  to  6  years,  but  that  in  girls,  it  continued  up 
to  the   age   of    10.     Undovibtedly,   in   drawing  this   conclusion 
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Krause  was  influenced  by  his  previous  observations  that  creat- 
inuria  could  occasionally  be  found  in  normal  adult  women.     It  is 
very  evident  that  boys  of  ages  higher  than  5  or  6  years  excrete  crea- 
tine, if  sufficient  protein  is  supplied  in  the  diet,  and  judgmg  from 
the  amounts  of  creatine  excreted  by  the  two  girls  m  Group  C,  that 
they  would  continue  excreting  creatine  long  after  the  age  ot  lU. 
The  relation  of  the  creatinine  coefficient  to  the  total  creatme 
coefficient,  however,   shows  that  on  the  average  creatme  wiH 
disappear  from  the  urine  of  both  boys  and  gu-ls  at  about  the 
age  of  16  years,  if  each  sex  develops  the  muscular  system  to 
the  same  degree.    This  figure  has  been  attained  by  plottmg  the 
group  creatinine  coefficients  against  the  group  age  and   extra- 
polating the  curve  obtained  until  it  reaches  the  figure  eqmvalent  to 
the  average  total  creatine  coefficient.     It  is  interestmg  to  note  that 
at  this  age  the  muscular  system  has  attained  its  maximum  develop- 
ment in  relation  to  body  weight  forming  about  44  per  cent  of  the 
total  (11) .     In  thus  setting  16  years  as  the  age  at  which  creatinuna 
will  disappear  even  upon  a  high  protein  diet,  it  is  only  intended  to 
convey  that  that  is  an  average  figure.     Undoubtedly,  cases  will 
be  found  in  which  creatinuria  persists  beyond  this  age     Thus, 
FoHn  and  Denis  (7)  report  the  case  of  a  normal  boy  of  17  still 
excreting  creatine,  and  undoubtedly  there  must  be  many  cases 
where  creatine  has  disappeared  at  an  age  earUer  than  the  average. 
As  far  as  our  figures  show,  there  is  no  distinct  influence  of  sex 
in  the  early  years.     Apparently,  however,  there  is  a  slight  di- 
vergence in  later  years  (Group  C),  but  the  figures  are  not  suffi- 
ciently numerous  to  permit  of  the  drawing  of  decided  conclusions. 
The  well  known  results  of  Tracy  and  Clark  (12)  on  the  low  creat- 
inine coefficients  of  normal  women  as  contrasted  with  normal 
men,  would  however,  incline  us  to  beheve  that  taken  on  the 
average,  the  majority  of  women  would  show  creatinuna  on  a  high 
protein  diet.     This,  we  beheve,  in  spite  of  the  negative  results  of 
Rose  (4)  and  Rose,  Dimmitt,  and  Bartlett  (13).     In  this  con- 
nection, we  think  that  an  examination  of  the  results  shown  by 
the  two  girls  of  Group  C  is  of  interest.     Both  girls,  of  the  same 
age  and  upon  the  same  diet  excrete  ahnost  the  same  amount  ot 
nitrogen.     L.  G.  has  a  low  creatinine  coefficient  and  is  a  iat, 
heavy  girl.     It  might  therefore  be  expected  that  she  wou  d  con- 
tinue to  excrete  creatine  for  at  any  rate  a  longer  period  of  her  lite 
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than  her  companion  C.  A.,  especially  as  her  excretion  under  iden- 
tical conditions  is  nearly  50  per  cent  higher.  Such  a  prediction 
should  be  true  for  the  average  case.  Girl  C.  A.,  however,  possesses 
an  exceptionally  high  total  creatine  coefficient  and  would  need  to 
develop  an  exceptionally  vigorous  muscular  system  in  order  to 
attain  a  creatinine  coefficient  equivalent  to  27.6.  WTiile  we  beUeve 
that  on  the  average,  the  height  of  the  creatinine  coefficient  gives  a 
method  of  predicting  the  presence  or  absence  of  a  creatinuria  upon  a 
high  protein  diet  we  have  no  means  of  foretelling  the  exact  height  of 
the  total  creatine  coefficient  in  the  individual. 

Total  Creatine  Coefficient  in  Some   Pathological  Conditions. 

In  order  to  see  whether  the  conclusions  drawn  from  a  study  of 
the  creatine  excretion  in  children  are  appHcable  to  creatinuria  in 
pathological  conditions  when  on  high   protein  diets,  we  have 
tabulated  in  Table  II  some  results  of  our  own,  and  such  results  in 
the  literature  as  we  could  find,  and  in  which  were  reported  the 
requisite  data.     It  will  be  seen  that  with  two  exceptions,  creat- 
inuria in  pathological  conditions  shows  the  same  general  rule  as 
creatinuria  in  children.     The  total  creatine  coefficient  averages 
21.9,  a  figure  very  close  to  that  given  as  the  average  for  children 
of  22.7,  and  that  the  variations  in  the  coefficient  cover  the  same 
range  as  does  the  creatinine  coefficient  in  normal  man.    This,  we 
think  is  remarkably  good  agreement,  as  the  conditions  of  diet  were 
not  uniform,  and  the  investigators,  including  ourselves  at  the  time 
of  the  observations,  were  quite  unaware  of  the  constancy  of  this 
figure.     The  two  exceptions  are  possibly  to  be  explained  by  the 
exceptionally  heavy  weight  of  the  boy  O.  Sch.,  and  that  chHd 
D.  R.  was  on  so  low  a  protein  diet,  that  some  of  the  creatine  may 
be  of  starvation  origin. 

Particular  interest  attaches  itself  to  the  observations  in  the 
h\-perthyroid  cases  reported  by  ourselves,  Denis,  and  Denis  and 
JNIinot.  Owing  to  the  experimental  work  on  creatinuria  in  this 
condition,  a  great  deal  of  attention  has  been  centered  on  the 
thyroid,  and  Gross  and  Steenbock  (14)  have  made  the  function 
of  this  gland  an  essential  part  of  their  theory  of  the  origin  of 
creatine  from  argininc.  It  would  not  appear  from  the  results 
we  have  just  gi\en  that  the  thyroid  gland  plays  any  direct  role 
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ill  the  production  of  crcatinuria.  Acromegaly,  muscular  dystro- 
phies, and  children  all  show  a  power  to  produce  the  same  amount 
of  creatine  per  kilo  body  weight  as  the  normal  adult.  Only  in  so 
far  as  the  activities  of  the  thyi-oid  alter  the  proportion  of  muscular 
mass  to  total  body  weight,  does  that  gland  contribute  a  quota  to 
the  production  of  a  creatinuria. 
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In  the  course  of  work  in  the  analysis  of  blood,  the  authors  ha,ve 
employed  a  number  of  reagents  for  the  removal  of  the  proteins 
before  proceeding  to  the  determination  of  other  constituents. 
Two  of  these,  picric  acid  (1)  and  nitric  acid  (2),  appeared  to  offer 
pecuhar  advantages  in  the  subsequent  determination  of  chlorides 
and  other  inorganic  constituents.  However,  it  was  found  that 
the  amount  of  silver  chloride  that  was  obtained  from  volumes  of 
filtrates  corresponding  to  the  same  amounts  of  blood  was  much 
less  when  nitric  acid  was  used  as  the  precipitant  than  when 
picric  acid  was  so  employed.  Moreover,  the  silver  precipitate 
obtained  with  the  latter  was  always  yellow  and  it  retained  this 
color  even  after  prolonged  washing  with  hot  water.  The  color 
could  be  removed  by  washing  with  concentrated  nitric  acid  but 
the  weight  of  the  residual  silver  chloride  was  greater  than  that  of 
the  precipitate  obtained  from  a  nitric  acid  filtrate  corresponding 
to  the  same  amount  of  blood. 

The  yellow  silver  chloride  precipitate  was  not  completely  soluble 
in  ammonia  but  left  a  gelatinous  precipitate,  suggesting  the  pres- 
ence of  a  purine.  The  precipitate  was  filtered  out,  washed,  and 
suspended  in  dilute  hydrocliloric  acid.  After  heating  for  30 
minutes,  the  mixture  was  filtered,  the  filtrate  was  almost  neutra- 
lized and  was  then  treated  with  sodium  acetate,  sodium  bisulfite, 
and  copper  sulfate  in  the  usual  manner.  The  precipitate  obtained 
was  filtered  out,  washed  with  hot  water,  and  decomposed  with 
hydrogen  sulfide.  The  filtrate  from  the  copper  sulfide  was  evapor- 
ated and  treated  with  a  little  picric  acid.     On  cooling,  a  lemon- 

1  *  A  preliminary  report  was  read  before  the  .American  Society  of  Bio- 
logical Chemists,  at  New  Haven,  December,  1921. 
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yellow  picrate  crystallized.  This  was  at  first  thought  to  be 
hypoxauthine  picrate  but  later  experiments  have  shown  that  it 
was  probably  a  inixture  of  hypoxanthine  and  adenine  picrates. 
Apparently,  the  yellow  color  of  the  original  silver  chloride  precipi- 
tate was  due  to  the  presence  of  purine-silver  picrates.  These  have 
been  described  by  Bruhns  (3)  who  ascribed  to  them  the  formula 
(Purine-H)  AgC6H,(N02)30H.  Attempts  in  this  laboratory  to 
prepare  the  hypoxanthine  compound  by  adding  silver  nitrate  to 
hypoxanthine  picrate  solutions  or  picric  acid  to  a  solution  of  hypo- 
xanthine silver  nitrate  and  excess  silver  nitrate  have  always 
yielded  precipitates  containing  less  hypoxanthine  and  more  silver 
than  this  formula  requires. 

The  ammoniacal  filtrate  from  the  purine-silver  precipitate  was 
acidified  with  nitric  acid  and  the  reprecipitated  silver  chloride  was 
filtered  on  a  Gooch  crucible  and  weighed.  The  amount  found 
was  greater  than  that  obtained  from  a  nitric  acid  filtrate  from  a 
corresponding  amount  of  blood.  Evidently,  nitric  acid  failed  to 
extract  all  of  the  chloride  from  blood. 

It  seemed  to  be  of  interest  to  investigate  other  protem  pre- 
cipitants  that  have  been  recommended  for  use  in  the  determination 
of  chlorides  in  blood.  Accordingly,  samples  of  oxalated  blood 
were  treated  as  called  for  in  the  description  of  the  methods. 
However,  since  it  was  desired  not  to  have  the  results  compUcated 
by  variations  in  the  character  of  the  end-points  used  in  the 
several  titrations,  aU  the  determinations  discussed  in  this  paper 
were  made  gravimetricallv,  either  by  weighing  the  silver  chloride 
precipitated  by  the  addition  of  silver  nitrate  (and  mtnc  acid) 
to  the  protein-free  filtrate  or,  where  this  was,  for  one  reason  or 
another,  undesirable,  by  using  a  known  excess  of  silver  nitrate 
removing  the  precipitate,  and  then  determining  the  excess  of 
silver  in  the  filtrate  by  precipitation  with  hydrochloric  acid. 
In  many  cases  both  methods  were  used.  In  almost  every  instance, 
filtrate  equivalent  to  10  cc.  of  blood  was  used.  In  a  few  cases, 
the  equivalent  of  5  cc.  of  blood  was  employed. 

The  results  obtained  are  summarized  in  Table  I.  The  first  col- 
umn of  figures  gives  the  values  obtained  by  digestion  of  the  blood 
with  nitric  acid  and  an  excess  of  silver  nitrate  until  all  the  organic 
matter  had  been  dissolved.  It  was  not  necessaxy  to  use  potassium 
permanganate   (4).    These  are  regarded    as  probably  the  most 
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accurate  values  and  all  others  have  been  compared  with  them. 
The  three  f  oUowing  columns  give  the  results  by  the  three  methods 
in  which  picric  acid  is  used  as  the  protein  precipitant.     As  might 
be  expected  from  what  has  been  said  about  the  occurrence  of  a 
purine-silver  picrate,  the  results  obtained  by  the  techmque  of 
Myers  and  Short  (5)  are  too  high,  the  average  error  being  3  per 
cent     Even  if  5  per  cent  nitric  acid  be  present,  as  m  the  method 
of  Austin  and  Van  Slyke  (6),  the  error  is  about  the  same.     This 
3  per  cent  error  is  found  if  the  amount  of  excess  silver  m  the 
filtrate  from  the  blood  clilorides  is  determined  and  used  as  a  basis 
for  the  calculations.     If  these  are  based  on  the  weight  of  the  first 
silver  chloride  precipitate,  the  error  is  even  greater  because  of  the 
high  molecular  weight  of  the  purine-silver  picrate.     If  the  pre- 
cipitate is  washed  with  concentrated  nitric  acid,  the  agreement  is 
better,  the  maximum  error  being  2  per  cent  and  the  average  less 

than  0.5  per  cent.  ,      .    .        .,        ,  xi,      ui„ 

If  the  proteins  are  precipitated  with  nitric  acid  and  the  chlo- 
.  rides  are  determined  in  the  filtrate,  the  results  are  always  too  low 
by  from  5  to  8  per  cent.     They  are  as  much  too  high  if  the  mtric 
acid  and  silver  nitrate  are  combined  in  one  solution  as  in  the 
methods  of  Gazzetti  (7)  and  of  Rappleye  (8).     Evidently,  there  is 
something  other  than  chloride  in  blood  (not  necessarily  m  plasma 
or  serum,  for  which  these  methods  were  described)  which  precipi- 
tates silver  from  a  nitric  acid  solution.  .  n      . 
The  filtrates  from  the  7^!-phosphoric  acid  precipitation  of  blood 
yield  on  direct  precipitation,  very  irregular  results,  which  are  aU 
too  high,  probably  because  the  precipitates  are  contaimnated  with 
protein.     Calculation  from  the  amount  of  excess  silver  m  the 
filtrates  gives  values  that  are  too  low,  the  error  being  somewhat 
less  with  Oppler's  method  (9),  in  which  an  excess  of  /n-phosphonc 
acid  is  avoided  than  with  Foster's  method  (10). 

The  silver  chloride  precipitated  in  the  filtrates,  obtained  by  pre- 
cipitating blood  with  5  percent  tricliloroacetic  acid  (11, 12, 13  .even 
when  alcohol  was  used  as-described  by  Smith,  cannot  be  filtered, 
even  after  standing  over  night.  It  can,  however,  be  removed  with 
the  aid  of  a  centrifuge  within  a  few  minutes.  An  ahquot  of  the  sup- 
ernatant liquid  is  used  for  a  determination  of  the  excess  silver. 
The  values  thus  obtained  are  from  3  per  cent  too  low  to  1.7  per 
cent  too  high. 
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The  use  of  copper  sulfate  and  sodium  and  calcium  hydroxides, 
as  employed  by  Wetmore  (14),  gives  results  that  are  too  low  by 
from  0.3  to  5  per  cent,  the  average  error  being  about  3  per  cent. 
The  technique  of  Harding  and  Mason  (15)  is  probably  similarly 
at  fault. 

Du-ect  gravimetric  determination  of  the  chloride  in  the  filtrate 
from  the  precipitation  of  blood  with  methyl  alcohol  and  magne- 
sium sulfate,  as  described  by  Richter-Quittner  (16)  is  impossible 
because  the  precipitate  contains  much  foreign  material.  Cal- 
culations based  upon  determinations  of  the  excess  silver  in  the 
filtrate  give  irregular  results,  5  or  6  per  cent  too  high  or  too  low. 

The  filtrate  from  the  FoUn-Wu  tungstic  acid  precipitation, 
when  treated  with  nitric  acid  and  silver  nitrate,  gives  a  precipitate 
consisting  of  silver  chloride  and  tungstic  acid  (17,  18).  If  tliis 
is  filtered  out  and  the  amount  of  choride  is  calculated  from  a 
determination  of  the  excess  silver  in  the  filtrate,  the  values  ob- 
tained agree  very  well  with  those  obtained  Ijy  digestion  of  the  ^ 
whole  blood  with  nitric  acid  and  silver  nitrate.  Apparently,  the 
Folin-Wu  reagent  is,  of  all  those  studied,  the  most  suitable  for  the 
subsequent  determination  of  chlorides,  and,  unless  there  is  some 
difficulty  with  the  subsequent  titration,  which  appears  not  to  be 
the  case,  the  method  described  by  Wliitehorn  (18)  would  seem 
to  be  the  most  desirable  for  routine  determinations. 

The  high  values  obtained  in  the  picric  acid  methods  are  due 
to  the  formation  of  a  purine-silver  picrate.  But  to  what  may 
the  low  values  obtained  with  the  other  protein  precipitants  be 
ascribed? 

It  may  be  assumed  that  they  are  due  to  the  presence,  in  the 
blood,  of  some  organic  chlorine  compound  which  was  precipitated 
by  some  of  the  reagents,  or  which  decomposed  to  give  chlor-ion 
in  some  of  the  procedures,  but  not  in  others.  But  it  is  a  reagent 
of  low  acidity,  tungstic  acid,  that  gives  values  most  nearly  identi- 
cal with  those  obtained  by  digestion  of  the  whole  blood  with 
nitric  acid  and  silver  nitrate. 

The  slightly  lower  values  obtained  by  Wetmore's  method  are 
probably  due  to  the  formation  of  a  small  amount  of  basic  copper 
chloride. 

The  other  protein  precipitants  are  all  acids  and  precipitation 
occurs  only  well  on  the  acid  side  of  the  isoelectric  points  of  the 
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blood  proteins.  The  precipitate  obtained  is  a  compound  of  pro- 
tein and  acid.  It  has  been  more  or  less  tacitly  assumed  that,  in 
these  reactions,  the  precipitating  acid  completely  displaces  all 
other  acids  from  combination  with  the  protein.  But  this  seenas 
not  to  be  the  case  with  nitric  and  wi-phosphoric  acids,  and  prob- 
ably not  with  tricUoroacetic  acid.  . 

It  was  at  first  thought  that  the  amount  of  chlorine  retained  in 
the  protein  precipitate  is  a  function  of  the  hydrogen  ion  concen- 
tration of  the  mixture  but,  in  two  experiments,  it  was  found  that 
the  filtrate  obtained  by  precipitating  blood  with  a  mixture  con- 
taining 5  per  cent  nitric  acid  and  0.6  per  cent  "picric  acid  gave 
values  that  agreed  weU  with  those  obtained  by  precipitation  with 
picric  acid  alone  or  by  oxidation  of  the  whole  blood  with  nitric 
acid  and  that  were  considerably  higher  than  those  obtained  by 
the  use  of  picric  acid  alone.  Evidently,  some  protein  precipitants 
do  completely  displace  the  chlorine  from  combination  with  the 
protein,  in  spite  of  a  high  hydrogen  ion  concentration,  whereas 
others  do  not. 
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(Received  for  publication,  September  15,  1922.) 

Some  years  ago  one  of  us^  reported  the  occurrence  of  large 
amounts  of  m-ic  acid  in  the  corpuscles  of  beef  blood,  and  evidence 
was  offered  to  show  that  this  iiric  acid  existed  in  a  stable  com- 
bination from  which  it  could  be  liberated  by  boiling  with  hydro- 
chloric acid,  or  through  euzjine  action  of  the  blood.  In  the 
present  paper  we  are  able  to  report  the  isolation  and  identification 
of  the  compound  of  uric  acid  which  exists  in  beef  blood. 

For  isolation  of  the  compound  of  uric  acid  the  following  pro- 
cedure has  been  employed.  Fresh  defibrinated  beef  blood  is 
poured  slowly  into  5  vokunes  of  boiling  0.01  N  acetic  acid  and  the 
mixtm-e  allowed  to  boil  for  about  a  minute  and  then  pom'ed 
on  to  a  filter.  The  straw-colored  filtrate  obtained  is  boiled  down 
to  the  volimie  of  the  original  blood,  chilled,  and  treated  with  one- 
tenth  volimae  of  colloidal  iron  (Merck's  5  per  cent  solution  of 
dialyzed  iron)  to  remove  the  last  traces  of  protein.  The  precipi- 
tate obtained  here  is  filtered  off  and  the  clear  filtrate  treated  with 
an  equal  volvmie  of  0.5  per  cent  solution  of  mercuric  acetate.  This 
mixture  is  allowed  to  stand  for  from  12  to  24  hours  at  room  tem- 
perature. The  light  yellow  flocculent  precipitate  whicli  slowly 
forms  contains  all  the  free  m'ic  acid  present  in  the  original  blood, 
together  with  a  small  amoimt  of  the  desired  uric  acid  compound. 
After  filtering  off  the  precipitate  an  equal  volimie  of  20  per 
cent    crj'stallized     sodium    acetate    solution    is    added    to    the 

*  Owing  to  certain  circumstances  it  was  not  possible  to  complete  this 
work  in  New  York  City.  We  are  much  indebted  to  Professor  G.  P.  Baxter, 
of  Radcliffe  College,  and  to  Professor  Otto  Folin,  of  the  Harvard  Medical 
School  for  continued  courtesy  in  extending  the  facilities  of  these  labor- 
atories for  completion  of  the  work. 

'  Benedict,  S.  R.,  J.  Biol.  Chcm.,  1915,  xx,  638. 
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perfectly   clear   filtrate.     A   precipitate  forms   slowly   ^'^ich   ^s 
identical  in  appearance  with  the  one  already  removed.     Miev 
allowing  the  mixture  to  stand  for  48  hom's  the  supernatant  fluid 
is  decanted  and  the  precipitate  collected  and  washed  m  centrifuge 
tubes     The  washing  with  distilled  water  is  accomplished  by 
thoroughly  stirring  up  the  precipitate  each  time  before  centrifuga- 
tion,  and  afterward  decanting  the  fluid.     This  process  is  continued 
until  the  precipitate  fails  to  separate  completely  after  centritugmg 
for  20  minutes.     The  precipitate  (which  contains  a  mercury  com- 
pound of  the  uric  acid  compound  and  apparently  very  little  other 
material)  is  then  suspended  in  hot  water  and  decomposed  with 
hydrogen  sulfide.     The  precipitate  is  filtered  off  and  the  residue 
washed  with  a  little  hot  water.     The  filtrate  is  then  concentrated 
under  diminished  pressure  at  from  40-45°  until  crystals  separate. 
The  material  is  allowed  to  stand  over  night  and  the  crystals  are  fil- 
tered off  next  morning,  washed  with  alcohol  and  ether  and  dried 
The  yield  from  a  sample  of  15  liters  of  blood  is  about  O.b  gm.  o 
practicalh-  pure  crvstals.  The  product  is  recrystaUized  fromasmall 
quantitv  of  boiling  water.     Thus  obtained  the  compound  crystal- 
lizes in'colorless  square  plates  (Fig.  1).     When  the  hot  solution 
is  rapidlv   cooled   the   compound   sometimes   separates   m    flat 
needles,  which  on  standing  in  contact  with  the  mother  liquor  are 
completely  transformed  into  the  typical  square  plates.     Even  very 
small  amounts  of  impurity  may  prevent  crystaUization  for  a  longer 
or  shorter  period.     In  such  instances,  if  not  too  dilute,  the  solution 
is  very  apt  to  form  a  water-clear  gel.     Such  a  gel  may  crystal  ize 
•  spontaneouslv,  or  the  process  may  be  hastened  by  seeding  with  a 
little  of  the  crystalline  material.    The  compound  is  very  difficultly 
soluble  in  cold  water,  but  dissolves  in  boiling  water,  and  is  in- 
soluble in  alcohol  and  ether.     It  is  acid  in  reaction  and  disso  ves 
readily  in  alkali.     The  compound  is  not  precipitated  by   silver 
magnesia  mixture  and  gives  no  reduction  test  with  alkaline  copper 
solutions.     AVhen  tested  for  uric  acid  by  the  older  phosphotungstic 
acid  method  the  compound  yields  a  quantity  of  color  equivalent 
to  that  given  bv  one-fifth  of  its  weight  of  pure  uric  acid.     When 
tested  by  the  new  cyanide  method  proposed  by  one  of  us-  the 
substance  yields  an  amount  of  color  equivalent  to  that  given 
by  one-ninth  of  its  wdght  of  pure  uric  acid.     On  distiUation  with 
'  Benedict,  S.  R.,  J.  Biol.  Chem.,  1922,  li,  187. 
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12  i)er  cont  In'ilrochloric  acid  Ihe  aniline  test  for  furfural  is 
positive.  After  hydrolysis  the  compound  also  yields  a  strong!}- 
positive  test  for  pentoses  with  orcin. 


Fig.  1.  Photomicrograph  of  the  crystalline  compound  of  uric  aciil  .nnd 
jicntosc  from  beef  blood. 

The  compound  is  apparently  a  monobasic  acid.  The  optical 
activity  of  the  sodium  salt  (prepared  only  in  solution)  was  foimtl 
to  be 

[a]"  =+20.42° 

No  water  of  crystallization  was  found  in  the  compound  when 
heated    in  vacuo  for   18  hours   surrounded   by   the   vapor  from 
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boilin,  toluene.  When  heated  to  somewhat  above  300^  the  com- 
pouiul  does  not  melt.  Heating  with  strong  sulfuric  acul  leads  to 
charring  and  the  odor  of  caramel.  ,        .,  .  , 

Earh-investigation  of  the  compound  showed  that  it  is  made  up 
of  uric  acid  and  a  carbohydrate  group  in  the  proportion  1:1. 
Identification  of  the  carbohydrate  portion  has  been  difficult  on 
account  of  the  small  quantities  of  material  available  and  because 
the  original  compound  is  so  stable  toward  acid  that  the  sugai  is 
apt  to  be  dc^stroved  during  the  hydrolysis.  After  studying  the 
conditions  of  tlie  hydrolysis  very  closely  we  have  been  able  to 
obtain  .lata  concerning  the  sugar  present  which  we  beheve  serve 
to  establish  its  identity  beyond  reasonable  doubt.  _ 

0  24  oin  of  the  compound  was  boiled  for  7  hours  m  40  cc. 
of  0  10  N  sulfuric  acid  under  a  reflux  condenser.  As  the  process 
of  hydrolvsis  proceeded  uric  acid  separated.  The  mixture  was 
aUowed  to  stand  over  night  and  the  uric  acid  was  filtered  off.  The 
filtr'ite  was  then  concentrated  under  diminished  pressure  to  small 
volume.  The  uric  acid  was  again  removed  (by  centnfugation 
this  time)  and  the  clear  and  almost  colorless  solution  exactly 
neutralized  with  sodium  carbonate.  The  solution  was  then  read 
in  a  polariscope,  and  a  portion  of  it  used  for  a  quantitative  srigar 
determination  by  means  of  the  picric  acid-picrate  method.  Ihe 
angle  of  rotation  obtained  for  the  sugar  was 

[a]>-20.0G° 

The  angle  of  rotation  of  rf-ribose^  was  then  determined  using  the 
same  method  to  estimate  the  sugar  quantitatively.  The  angle 
obtained  was 

[aK= -19.62° 

Another  portion  of  the  hydrolyzed  solution  was  used  for  the 
preparation  of  a  phenylosazone.  This  was  obtained  in  amorphous 
form  and  purified  by  dissolving  in  acetone  and  precipitating  with 
water  The  osazone  of  the  unknown  sugar,  an  osazone  prepared 
from  rf-ribose,  and  a  mixture  of  these  two,  when  heated  together 
in  the  same  bath  melted  together  at  149°  (uncorrected).     Very 

3  We  arc  indebted  to  Dr.  P.  A.  Lcvene  for  furnishing  us  with  a  sample  of 
pure  (i-ribose. 
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rapid  heating  of  the  bath  raised  the  melting  points  of  both  the 
osazones  practically  identically. 

After  hydrolyzing  a  known  amount  of  compound  the  sugar 
obtained  (determined  by  the  picrate  method,  using  ribose  as 
standard)  amounted  to  101  per  cent  of  the  theoretical.  Uric 
acid  set  free  under  similar  conditions  was  identified  by  elementary 
analysis  (see  below)  and  was  determined  quantitatively  by  the 
color  reaction.  This  determination  gave  a  uric  acid  content  for 
the  original  compound  of  51.5  per  cent  found  against  52.8  per 
cent  calculated  for  a  compound  containing  equal  molecules  of 
uric  acid  and  (Z-ribose  minus  1  molecule  of  water. 

Elemeutarj'  analyses  of  the  compound  are  not  very  satisfactory. 
This  is  probably  due,  at  least  in  part,  to  the  fact  that  we  used 
quite  small  quantities  in  making  these  determinations.  The 
figures  obtained  were 

Uric  acid  +  pentose  —  1  H2O. 
Calculated.    C  39.9,  H  3.9,  N  18.6. 
Found.  "  39.1,  "  5.4,  "  18.0. 

Analysis  of  the  uric  acid  yielded  by  hydrolysis  of  the  compoimd 
gave  the  following  figures. 

Calculated.    C  35.6,  H  2.3,  N  33.3. 
Found.  "  35.5,  "  3.3,  "  33.1. 

We  feel  warranted  in  concluding  that  the  uric  acid  compound  in 
beef  blood  is  made  up  of  1  molecule  of  uric  acid  plus  1  molecule  of 
d-ribose  minus  1  molecule  of  water. 

The  biological  properties  of  the  m-ic  acid  compound  are  being 
investigated. 


THE  DISTRIBUTION  OF  THE  COMBINED  URIC  ACID  IN 
THE  CORPUSCLES  OF  BEEF  BLOOD. 

Bt  ELEANOR  B.  NEWTON  and  ALICE  ROHDE  DAVIS. 
{From  the.  Laboratory  of  the  Boston  Psychopathic  Hospital,  and  the  Depart- 
ment of  Biological  Chemistry,  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  September  15,  1922.) 

Benedicti  has  reported  the  presence  of  combined  uric  acid  in 
beef  blood  and  has  shown  by  quantitative  colorimetric  deter- 
minations that  the  total  uric  acid,  free  and  combmed,  is  contained 
in  the  corpuscles.  The  present  work  was  planned  to  determine 
whether  the  uric  acid  is  present  chiefly  in  the  er>'throcji;es  or  in 
the  leucocytes. 

Fresh  defibrlnated  beef  blood  was  centrifuged  at  high  speed 
for  I  hour,  the  clear  serum  pipetted  off,  and  the  fihn  of  white 
cells  Ufted  from  the  red  cells.  The  proteins  of  the  serum  and  the 
red  cells  were  removed  by  poiu-ing  each  material  into  boiling 
0.01  N  acetic  acid,  the  filtrates  from  the  coagulmn  concentrated  to 
the  original  volmnes,  cooled,  and  treated  with  colloidal  iron  in 
the  usual  way  for  the  removal  of  protein  from  whole  blood  in  the 
Benedict-  modification  of  the  Fohn-Denis  procedure  for  the  deter- 
mination of  m-ic  acid  colorimetrically  in  blood.  The  white  cells 
were  quickly  rinsed  once  and  suspended  in  a  small  amount  of  dis- 
tilled water  and  the  fihn  was  ground  with  sand.  This  mixture  of 
white  cells  and  sand  was  then  washed  into  boiling  acetic  acid, 
the  final  acidity  of  which  was  approximately  0.01  n.  The  filtrate 
from  sand  and  protein  was  concentrated,  boiled  with  aluminium 
cream,  and  again  filtered.  Clear  filtrates  were  in  all  cases  ob- 
tained. The  free  uric  acid  was  determined  by  the  procedure 
cited  above,=  and  the  combined  uric  acid  after  hydrolysis  as 
carried  out  by  Benedict.'    To  assure   us  that  neither  free  nor 

'  Benedict,  S.  R.,  J.  Biol.  Chetn.,  1915,  xx,  638. 

2  Benedict,  S.  R.,  J.  Biol.  Chctn.,  1915,  xx,  629. 

3  Benedict,  S.  R.,  /.  Biol.  Chem.,  1915,  xx,  634. 
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combined  uric  acid  had  been  removed  with  the  proteins  of  the 
white  cells  a  sample  of  white  cells  was  hydrolyzed  directly  omittmg 
the  protein  removal  and  then  submitted  to  a  determmation  for 
uric  acid  in  the  usual  way. 


TABLE  I. 

Sample  No. 

Quantity 
of  blood. 

Material. 

Uric  acid  in 
part  analyzed. 
Calculated  per 
100  cc.  of  blood. 

RemarivS. 

cc. 

20 
20 

Whole  blood. 
«        it 

5.1 

4.8 

Hydrolyzed  filtrate. 

40 
40 

Red  cells. 
It        i< 

4,7 
4.5 

ii                  « 

50 

50 

100 

40 

White  cells. 
It        tt 

0 
0 
0 

"              without  re 

Senim. 

0 

moving  protein. 
Hydrolyzed  filtrate. 

40 

it 

0 

CONCLUSION. 

Since  no  uric  acid  could  be  detected  in  the  amounts  of  white 
ceUs  or  of  serum  used  and  the  figure  for  total  uric  acid  from  the 
red  cells  compared  closely  with  that  for  whole  blood  we  conclude 
that  the  combined  uric  acid  is  contained  in  the  erythrocytes. 


COMBINED  URIC  ACID  IN  HUMAN,  HORSE,  SHEEP,  PIG, 
DOG,  AND  CHICKEN  BLOOD. 

By  ELEANOR  B.  NEWTON  and  ALICE  ROHDE  DAVIS. 

(From  the  Laboratory  of  the  Boston  Psychopathic  Hospital,  and  the  Depart- 
ment of  Biological  Chemistry,   Harvard  Medical  School,  Boston.) 

(Received  for  publication,  September  15,  1922.) 
INTRODUCTION. 

The  isolation  and  identification  of  combined  uric  acid  in  beef 
blood  by  Davis,  Newton,  and  Benedict'  as  rf-ribose  and  uric  acid 
less  1  molecule  of  water  has  led  to  the  study  of  the  distribution  of 
combined  uric  acid  in  several  species  of  animals.  By  quantitative 
colorimetric  determinations  of  uric  acid  before  and  after  hydrolysis 
of  a  protein-free  blood  filtrate  as  well  as  before  and  after  enzyme 
action  Benedict'  was  led  to  believe  that  combined  uric  acid 
existed  in  other  species. 

The  isolation  of  the  compound  has  been  undertaken  by  the 
original  procedure  for  beef  blood  in  the  hope  that  even  where  the 
quantities  of  combined  uric  acid  were  so  minute  as  to  escape 
detection  by  the  method  of  hydrolysis  and  quantitative  deter- 
mination of  uric  acid  they  would  appear  in  the  isolation.  At  the 
final  stage  of  the  isolation  procedure  a  non-crystalhne  residue  was 
hydrolj'zed  and  tested  colorimetrically  for  the  pentose  and  for  the 
uric  acid  radicals  of  combined  uric  acid. 

EXPERIMENTAL. 

Fresh  defibrinated  blood  was  deproteinized  with  heat  and  acetic 
acid,  followed  by  treatment  in  the  cold  with  colloidal  iron.  The 
protein-free  filtrates  were  concentrated  to  the  original  blood 
volume  and  the  material  was  treated  with  an  equal  volume  of 
0.5  per  cent  mercuric  acetate  to  remove  uric  acid.     The  filtrates 

'  Davis,  A.  R.,  Newton,  E.  B.,  and  Benedict,  S.  R.,  /.  Biol.  Chcm.,  1922, 
liv,  595. 

=  Benedict,  S.  R.,  The  Harvey  Lectures,  1915-16,  xi,  3-16. 
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were  then  treated  with  an  cqvial  volume  of  20  per  cent  sodium  ace- 
tate sohition.     An  aqueous  suspension  of  these  mercury  precipi- 
t'ltes  was  then  freed  from  mercury  by  decomposing  with  hydrogen 
sulfide,  and  filtering.     The    filtrates    were    concentrated  under 
reduced  pressure  to  a  few  drops  or  to  2  to  3  cc.  and  a  slightly 
colored,  more  or  less  thick,  fluid  was  obtained.     If  crystals  did  not 
appear,  this  residue,  suspected  of  containing  dissolved  combined 
uric  acid  was  hydrolyzed  and  distilled  from  12  per  cent  hydro- 
chloric acid  to  split  off  uric  acid  and  to  form  furfm-al  from  pentose 
The  distillate  was  tested  with  aniline  acetate  paper  for  furfural 
and  the  residue,  after  neutralization  with  sodium  carbonate,  was 
tested  for  uric  acid.     In  some  cases  a  caramel  odor  was  noted  m 
the  residue  after  distillation.     Only  rough   estimations  of  the 
amounts  of  combined  uric  acid  could  be  made  by  this  method. 

Two  experiments  were  carried  out  on  human  blood.  360  cc. 
of  a  mixture  of  blood  1  to  5  days  old,  obtained  from  pathological 
cases,  were  employed  in  one  experiment.  Clear  filtrates  and  typical 
mercury  precipitates  were  obtained.  No  crystals  appeared  but 
the  residue  gave  positive  tests  for  pentose  and  for  uric  acid. 

600  cc.  of  fresh  defibrinated  human  blood  from  three  normal 
individuals  were  later  obtained  from  which  a  small  amount  of 
white,  crystalline  material  was  isolated,  and  several  times  re- 
crystallized.  The  crystals  were  typical  in  form,  but  the  quantity 
was  too  small  to  weigh.  They  were  therefore  distilled  with  12 
per  cent  hydrochloric  acid.     A  very  brilliant  pentose  test  was 

h&rG  sGcurGQ.. 

1  000  cc.  of  fresh  defibrinated  horse  blood  yielded  a  brownish, 
partly  crystalline  residue,  a  strong  caramel  odor  on  hydrolysis, 
and  positive  tests  for  pentose  and  for  uric  acid. 

3  500  cc.  of  fresh  defibrinated  sheep  blood  yielded  a  gelatinous 
residue  with  a  few  crystals,  which  residue  on  hydrolysis  gave 
positive  pentose  and  uric  acid  reactions. 

3  000  cc.  of  fresh  defibrinated  pig  blood  yielded  a  straw-colored 
fluid  with  no  crystals,  but  gave  positive  pentose  and  uric  acid 

reactions.  i      j 

1  200  cc.  of  fresh  defibrinated  dog  blood  yielded  a  straw-colored 
fluid  with  no  crystals,  but  gave  positive  pentose  and  uric  acid 
reactions. 
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460  cc.  of  fresh  defibrinated  chicken  blood  gave  a  very  light 
colored  fluid  with  no  crystals,  but  positive  pentose  and  uric  acid 
reactions. 

CONCLUSION. 

Evidences  of  the  presence  of  combined  uiic  acid  have  been 
found  in  each  species  of  animal  studied.  The  quantity  in  beef 
blood  far  exceeds  that  in  any  other  animal  blood  so  far  analyzed. 
Next  in  quantity  would  appear  to  be  that  of  human  blood.  Only 
traces  were  discernible  by  this  procedure  in  the  blood  of  the  horse, 
sheep,  pig,  dog,  or  chicken. 


THE  INFLUENCE  OF  WATER  DEPRIVATION,  PILOCARPIN, 

AND  HISTAMINE  UPON  CHANGES  IN  BLOOD 

CONCENTRATION  IN  THE  RABBIT. 

By  frank  p.  UNDERHILL  and  S.  CLEMENT  ROTH. 
(From  the  Deparlmenl  of  Pharmacology  and  Toxicology,  Yale  Univeristy. 

New  Haven.) 

(Received  for  publication,  September  29,  1922.) 

In  various  fields  of  clinical  medicine  symptoms  and  serious 
disorders,  which  are  often  attributed  to  unknown  pathogenic 
factors,  such  as  toxins,  may  be  due  entirely  to  a  negative  water 
balance  of  the  body.  That  changes  in  blood  concentration  indi- 
cate this  dehydration  has  been  pointed  out  by  Underbill  and  his 
collaborators"(l  to  6).  The  possible  ways  in  which  such  an  effect 
may  be  brought  about  are  very  numerous,  and  many  of  the  possi- 
bilities of  concentrated  blood  in  various  diseased  conditions  un- 
doubtedly remain  unrecognized.  Every  addition  to  our  know- 
ledge relative  to  the  mechanism  of  water  balance  in  the  organism 
brings  the  ultimate  solution  of  the  problem  closer  at  hand  and 
opens  the  way  for  better  and  more  rational  treatment  of  some  of 
the  obscure  phases  of  disease. 

In  the  present  communication  water  changes  in  the  blood  have 
been  studied  in  the  rabbit  under  the  influence  of  water  deprivation, 
and  the  introduction  of  pilocarpin  and  histamine.  The  rabbit 
has  been  chosen  in  this  instance  for  the  reason  that  it  is  more  or 
less  refractory  to  various  influences  to  which  the  dog  is  susceptible, 
and  thus  extends  the  range  of  factors  involved  in  regulation  of 
water  balance. 

Rabbits  were  maintained  in  a  fasting  condition  unless  other- 
wise specified. 

Methods.— The  methods  employed  were  those  usually  followed 
in  this  laboratory  for  work  of  this  chai'acter;  hemoglobin  estima- 
tion by  the  procedm-e  of  Cohen  and  Smith  being  employed  as  a 
criterion   of   changes   in   blood   concentration.     Injections    were 

made  into  an  ear  vein. 
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Water  Deprivation. 

Previous  (7)  experience  with  water  deprivation  in  the  fasting 
rabbit  has  shown  that  water  withheld  for  a  period  of  4  or  5  days 
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Chart  1.  Rabbit  57.    The  influence  of  water  deprivation  upon  blood 
concentration. 
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Chart  2.  Rabbit  S-1.    The  influence  of  water  deprivation  upon  blood 
concentration. 

produces  Httle  or  no  change  in  blood  concentration.  The  present 
experiments  of  which  illustrations  are  given  m  Charts  1,  2,  and  6, 
representative  of  many  protocols,  confirm  this  observation  and 
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further  show  that  after  5  to  7  days  of  water  deprivation  blood 
concentration  becomes  significantly  increased.  Charted  with  the 
alteration  in  blood  concentration  is  the  percentage  loss  of  body 
weight. 
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Chart  3.  Rabbit  101.     The  influence  of  water  deprivation  upon  blood 
concentration. 
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Chart  4.  Rabbit  102.  The  influence  of  water  deprivation  upon  blood 
concentration. 

It  is  a  noteworthy  fact  that  blood  concentration  in  these  experi- 
ments was  not  held  uniformly  at  a  level  considered  dangerous 
by  Underbill  (2) ;  namely,  125  per  cent  of  the  normal  value.  A 
similar  result  has  been  obtained  in  other  connections,  Underbill 
and  Errico  (5),  Underhill  and  Ringer  (3),  and  Underhill  and  Kap- 
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sinow  (6).  The  rapidity  with  which  blood  concentration  resumes 
"the  normal  level  in  the  rabbit  after  fluid  intake  is  well  illustrated 
in  Charts  1,  3,  and  4.  This  result  is  confii-matory  of  observations 
in  the  dog  W  Keith  (8)  and  Underbill  and  Kapsinow  (6). 

In  manv  of  the  experiments  of  this  natme  the  animals  died  even 
though  water  was  supplied  on  the  day  preceding  death.  Death 
under  these  circumstances  might  be  referred  to  the  irreparable 
damage  done  to  the  tissues  by  the  body's  desiccation.  Such  a 
conclusion  should  not,  however,  be  drawn  too  hastily  since  fasting 
rabbits  with  water  freely  supplied  die  in  about  the  same  length  of 
time.  It  is  therefore  obvious  that  to  ascribe  water  deprivation 
as  the  sole  cause  of  death  under  the  experimental  conditions  would 
be  erroneous. 

Pilocarpin. 

The  loss  of  water  in  the  rabbit  by  the  use  of  pilocarpin  is  visible 
in  the  profuse  secretion  of  saliva  and  in  the  watery  character  of  the 
stools.  By  bringing  about  a  rapid  water  elimination  in  this  ammal 
pilocarpin  served  as  a  useful  means  of  causing  marked  changes  in 
blood  concentration  which  are  represented  graphically  in  Charts 

5  to  9.  The  relative  ease  with  which  it  is  possible  to  effect  a 
change  in  lilood  concentration  of  approximately  15  per  cent  m 
rabbits  may  be  seen  from  Charts  5  to  8.  In  Chart  5  the  animal 
had  been  weU  fed  up  to  the  time  of  experiment  whereas  m  Charts 

6  and  8  water  and  food  had  been  withheld  for  periods  of  1  and  2 
days,  respectively.     Pilocarpin  causes  rapid  rises  in  blood  concen- 
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Ch.\rt5.  Rabbit  1. 
blood  concentration. 
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pilocarpin  upon  blood  concentration. 
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Ch.vrt  7.  Rabbit  3.     Without  food  and  water  for  1  day.     The  influence 
of  pilocarpin  upon  blood  concentration. 
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Chart  8.  Rabbit  1.     Without  food  and  water  for  2  days, 
of  pilocarpin  upon  blood  concentration. 
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tration  which  are  followed  by  equally  rapid  reductions  in  con- 
centrations. Evidently  the  water  of  the  tissues,  as  represented 
by  alterations  of  water  content  of  the  blood,  is  sirfficient  to  pre- 
vent anhydi-emia  and  the  subsequent  vicious  circle.  The  water 
adjustment,  however,  does  not  take  place  so  quickly  that  it  can- 
not be  detected.  The  relative  rate  at  which  the  lalood  returns  to 
normal  will  depend  upon  the  degree  of  desiccation  of  the  body 
previous  to  the  experimentation,  and  the  length  of  time  the 
abnormal  water  loss  induced  by  pilocarpin  continues. 

The  extent  to  which  desiccation  of  the  tissues  of  a  rabbit  can 
take  place  is  shown  in  Chart  9,  the  animal  being  without  food  and 
water  for  a  period  of  9  days.  This  rabbit  sm-vived  the  drastic 
disturbances  in  its  water  equilibrimn  in  spite  of  the  high  level  of 
blood  concentration  attained  under  pilocarpin  treatment.  This 
experiment  also  illustrates  the  rapidity  with  which  blood  con- 
centration is  reduced  under  the  influence  of  water  introduction. 

Histamine. 

In  dogs  histamine  produces  a  marked  change  in  blood  concen- 
tration. Since  rabbits  are  in  general  somewhat  refractory  to 
histamine  effects  the  influence  of  the  drug  upon  blood  concentra- 
tion has  been  tested  in  this  animal.  The  observations  made  show 
that  histamine  invariably  causes  a  slight  decrease  in  concentration 
of  the  blood  rather  than  an  increase  (see  Charts  10,  11,  and  12), 
the  anmial  thus  conforming  to  its  general  peculiarities  with  respect 
to  histamine  action. 

The  general  effects  upon  the  rabbit  of  histamine  intravenously 
introduced  fall  into  one  of  two  groups.  In  the  fu'st  place  death 
mary  occur  with  violent  inspiratory  efforts  within  a  minute,  or 
secondly  a  train  of  symptoms  ensue  followed  always  by  complete 
recovery.  The  respiration  becomes  rapid,  the  ears  are  cold,  and 
a  moderately  deep  narcosis  sets  in.  Defecation  and  vu-ination  may 
occur,  and  the  attitude  of  the  animal  is  sprawling  with  the  head 
sunk  on  the  table.  During  this  period  it  is  alniost  impossible  to 
obtain  blood  from  tlie  cars  in  sufBcient  quantity  for  hemogloljin 
estimation.  A  similar  subcutaneous  injection  has  only  a  slight 
influence,  if  any.  With  recoverj'  it  becomes  easier  to  obtain  blood 
from  the  ear.      Within   half  an   hour  subsequent  to   histamine 
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administration  the  animal  suddenly  raises  itself  from  its  sprawling 
position  and  resumes  a  normal  condition. 
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Chaet  10.  Rabbit  201.     The  influence  of  histamine  upon  blood    con- 
centration. • 
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Chart  11.  Rabbit  202.    The  influence  of  histamine  upon  blood  con- 
centration. 
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Chart  12.  Rabbit>  203.     The  influence  of  histamine  upon  blood    con- 
centration. 

Attention  is  directed  to  Chart   13  illustrating  an  experiment 
in  which  a  rabbit  without  food  for  8  days  and  water  for  9  days 
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received  an   injection   of  histamine.     No  influence  upon   blood 
concentration  could  be  seen  during  the  period  of  observation. 
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Chabt  13.  Rabbit  206.     Without  food  and  water  for  10  days.     The 
influence  of  histamine  upon  blood  concentration. 


SUMMARY. 

Complete  deprivation  of  water  leads  to  blood  concentration  in 
rabbits.  The  level  attained  by  the  concentration  lies  within  the 
hmits  of  safety  suggested  by  previous  investigations. 

High  blood  concentration  induced  by  water  deprivation  rapidly 
falls  to  normal  levels  upon  administration  of  water. 

Under  the  influence  of  pilocarpin  blood  concentration  is  mark- 
edly increased  but  quickly  returns  to  the  normal  level.  Pilocarpin 
action  superimposed  \ipon  prolonged  water  deprivation  causes 
exceptionally  high  blood  concentrations  which  rapidly  attain  the 
normal  upon  water  administration. 

In  the  rabbit  histamine  fails  to  produce  blood  concentration. 
Little  or  no  change  in  blood  concentration  is  to  be  observed  except 
perhaps  an  insignificant  lowering.  These  observations  with  hista- 
mine are  quite'  unlike  those  previously  obtained  under  similar 
experunental  conditions  with  the  dog. 
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THE  USE  OF  IODINE  IN  THE  DETERMINATION  OF 
GLUCOSE,  FRUCTOSE,  SUCROSE,  AND  MALTOSE. 

By  F.  a.  CAJORI. 

{From  the  Department  of  Chemistry,  Stanford  University, 
California.) 

(Received  for  publication,  October  2, 1922.) 
INTRODUCTION. 

Almost  without  exception,  the  available  methods  for  the 
quantitative  determination  of  individual  sugars,  in  solutions 
where  several  of  them  are  present  together,  involve  the  use  of  the 
polariscope.  With  sugar  solutions  of  low  concentration,  the  ob- 
served rptation  may  be  onlj^  a  few  angular  degrees,  and  results 
based  on  such  shght  differences  are  far  from  accurate.  Again, 
highly  colored  solutions,  such  as  are  often  obtained  from  plant 
material,  must  be  clarified  before  they  can  be  used  in  the  polari- 
scope and  not  inconsiderable  loss  of  sugar  by  adsorption  occurs 
during  the  clarification  process.  Moreover,  solutions  of  plant 
origin  often  contain  other  optically  active  substances. 

Prerequisite  to  an  understanding  of  the  manner  of  carbohy- 
drate formation  in  the  photosynthetic  process  is  an  accurate 
pictm-e  of  the  quantitative  relations  that  exist  between  the  various 
sugars  of  the  leaf.  Advance  in  this  field  is  largely  dependent  upon 
the  development  of  analytical  methods,  as  the  analysis  of  plant 
material  presents  many  extraordinary  difficulties  not  encountered 
in  material  of  animal  origin. 

Romijn  (1)  and  Bougault  (2)  observed  that  glucose  in  alka- 
line solution  is  completely  oxidized  to  gluconic  acid  by  an  excess 
of  iodine  and  that  under  the  same  conditions  fructose  and  sucrose 
are  unchanged.  This  would  seem  to  offer  the  basis  for  a  method 
of  distinguishing  between  the  individual  sugars  without  recourse 
to  the  use  of  the  polariscope.  These  two  authors  recognized  the 
possibilities  of  the  use  of  iodine  as  a  reagent  for  differentiating 
between  aldose  and  ketose  sugars,  and  they  suggested  methods 
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involving  its  use.  Several  other  investigators  have  reported 
their  experiences  with  iodine  as  an  oxidizing  agent  for  the  quanti- 
tative determination  of  sugars  with  varying  success 

In  the  following  work  we  have  endeavored  to  define  more 
sharply  the  conditions  under  which  sugars  are  oxidized  by  iodine 
and  on  the  basis  of  these  observations,  have  developed  a  method 
for  the  determination  of  glucose,  fructose,  sucrose,  and  maltose 
when  they  occur  together. 

Romiin  (1)  was  unable  to  obtain  satisfactory  quantitative  results  from 
the  oxidation  of  glucose  by  iodine  with  sodium  hyd-^fe  or  Potassmm 
hydroxide  and  suggested  the  use  of  sodium  borate.  ^^  ith  this  weak  alkali^ 
IS  to  40  hours  were  required  to  complete  the  oxidation  of  glucose  to  gluconic 
acid.  Willstatter  and  Schudel  (3)  pointed  out  the  need  of  sufficient 
amounts  of  alkali  to  neutralise  the  acid  formed  in  the  reaction  ^^lth  an 
excess  of  0  1  n  sodium  hydroxide,  and  oxidation  with  lodmc  for  15  minutes 
they  were  able  to  recover  quantitatively  the  glucose  present  m  invert 

'"  Bougault  (2) ,  using  sodium  carbonate,  observed  a  quantitative  oxidation 
of  glucose  by  iodine  in  30  minutes.  Maltose,  lactose,  arabinose,  and  other 
aldose  sugars  were  found  by  him  to  be  oxidized  by  iodine.  Cohn  and 
Li^vin  (4)  modified  Bougaulfs  procedure,  using  disodmm  phosphate 
instead  of  sodium  carbonate.  They  found  that  1  hour  was  the  time 
required  for  the  oxidation  of  the  glucose,  with  this  modification. 

Lately  Judd  (5)  has  published  the  results  of  a  critical  study  of  these 
methods.  She  was  unable  to  confirm  Romijn's  or  Bougault  s  findings 
that  iodine  oxidizes  glucose  to  gluconic  acid,  and  that  under  the  same  condi- 
tions fructose  is  not  oxidized  at  all.  She  ascribed  this  failure,  m  part  to 
possible  enolizat.on  of  the  sugars  in  the  presence  of  alkalies.  Judd 
believed,  however,  that  valuable  methods  for  the  analysis  of  glucose-fruc- 
tose solutions  could  be  developed  by  utilizing  the  reducmg  power  of  the 
sugar  solution  on  iodine,  as  well  as  its  reducing  P°^"  °°  «°PP",^f '''^^ 
In  contrast  to  the  findings  of  Judd,  Baker  and  Hulton  (6),  usmg 
Willstatter's  procedure,  experienced  no  difficulty  in  recovermg  glucose  as 
gluconic  acid  after  5  minutes  oxidation  with  iodine. 

EXPERIMENTAL    PART. 

Preliminary  Experiments  with  Glucose  and  Fructose.— The  reac- 
tion between  glucose  and  an  excess  of  iodine  in  a  solution  made 
alkaline  with  sodium  carixmate  was  followed  by  determming  the 
amount  of  iodine  present  in  aliquot  parts  of  the  oxidation  mixture 
at  intervals  during  the  course  of  the  oxidation.  The  amount  ot 
iodine  present  was  determined  by  titration  with  standard  sodium 
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thiosulfate  after  having  made  the  solution  slightly  acid,  using 
soluble  starch  as  an  indicator.  An  approximately  0.1  x  iodine 
solution,  standardized  with  0.05  n  sodium  thiosulfate  was  used. 
The  0.05  N  sodium  thiosulfate  was  prepared  from  a  normal  stock 
solution  and  standardized  in  the  usual  way  with  the  aid  of  0.1  n 
potassium  permanganate.  The  preliminary  trials  were  carried 
out  in  a  thermostat  at  25°C.  Later  it  was  found  that  the  velocity 
of  the  reaction  was  not  noticeably  changed  at  room  temper- 
atiu-es  (18  —  22°) .  Blank  determinations  were  made,  using  distilled 
water  instead  of  a  sugar  solution,  but  in  all  other  respects  the 
same  conditions  were  maintained.  Typical  results  of  these  trials, 
expressed  in  quantities  of  iodine  present  in  the  aliquot  parts, 
are  given  in  Table  I. 

TABLE  I. 
Reduction  of  Iodine  by  Glucose  and  Fructose. 


Time  of 

Iodine  present  in  20  cc.  aliquot  p-irts. 

oxidation. 

Glucose  solution. 

Blank. 

Fructose  solution. 

Blank. 

min. 

7n{j. 

mff. 

mg. 

mo. 

0 

123.0 

123.3 

168.8 

182.9 

10 

94.0 

122.9 

168.1 

181.4 

20 

92.4 

122.3 

167.7 

181.4 

30 

93.3 

123.3 

167.7 

182.0 

45 

93  3 

122.9 

167.3 

178.6 

60 

92.6 

122.5 

167.3 

90 

92.7 

122.5 

166.8 

181.4 

These  results  show  that  iodine  is  rapidly  reduced  in  the  pres- 
ence of  glucose,  the  reduction,  apparently,  being  completed  at 
the  end  of  20  minutes.  On  the  other  hand,  there  is  no  evidence 
of  any  reduction  of  iodine  by  fructose.  These  results  confirm 
the  findings  of  Romijn  and  Bougault.  As  indicated  from  the 
analysis  of  the  blanks,  there  are  always  small  losses  of  iodine 
from  the  solution  during  the  course  of  the  oxidation.  That  such 
losses  do  occur  is  not  surprising,  considering  the  volatile  nature  of 
iodine.  Bougault  noticed  that  on  long  standing  more  iodine  disap- 
peared from  his  solutions  than  could  lie  accounted  for  by  the  theo- 
retical amount  required  to  oxidize  the  sugar  to  the  mono-basic 
acid.  He  ascribed  this  to  a  secondary  oxidation  of  the  hydroxyl 
groups  of  the  sugar.     He  reports  no  blank  determinations,  and  it 
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seems  much  more  reasonable  to  recognize  the  possibihty  of  a 
mechanical  loss  of  iodine  than  to  assume  oxidation  of  the  hydroxyl 
groups  of  the  sugars. 

The  apparent  increase  in  the  concentration  of  the  lodme  noted 
in  the  solutions  during  the  second  half  hour  of  the  oxidation  is 
undoubtedly  due  to  the  liberation  of  iodine  from  the  potassium 
iodide  used  in  the  iodine  solution. 

Bougault  emphasized  the  necessity  of  having  an  excess  of  iodine 
present  in  order  to  insure  complete  oxidation  of  the  glucose.  We 
also  found  this  an  important  condition  to  be  maintained.  The 
amount  of  iodine  to  be  used  depends  in  part  on  the  alkalinity  of 
the  solution.     In  Table  II  are  given  some  of  our  experiments 

T.\BLE  II. 

Oxidation  of  Glucose  as  Influenced  by  Varying  Ammmts  of  Iodine  and  Sodium 

Carbonate. 

Ratio  of 
iodine 

present  to 
iodine 

required. 


Experi- 
ment No. 


3 
4 
5 
6 

7 


Time  of 
oxidation 


Z.3 
25 

•25 
25 
25 
25 


Glucose 
present. 


16.2 
10.8 
21.7 
22.0 
48.7 
48.4 
48.4 


Iodine 
required 
to  oxidize 

sugar. 


vig. 

22.8 
15.2 
30.6 
31.0 
68.5 
68.0 
68.0 


Iodine 
present. 


mg. 
186 
124 

186 
125 
186 
186 
124 


Glucose 
oxidized. 


mg. 

15.8 

10.6 

21.1 

21.8 

48.4 

48.1 

45.4 


NaiCOa 
present. 


per  cent 

3.7 
1.5 
1.4 
0.8 
2.1 
1.0 
1.1 


8  :1 
8  :1 
6  : 1 
4  :1 
2.7  : 1 
2.7  :1 
;1 


1.8 


where  varying  amounts  of  iodine  and  sodium  carbonate  were 

used.  . 

It  will  be  seen  that  with  a  sodium  carbonate  concentration  ot 
1  or  2  per  cent,  three  times  the  amount  of  iodine  necessary  to 
oxidize  the  sugar  gives  a  complete  reaction  in  25  minutes.  Twice 
the  amount  (1.8),  as  illustrated  in  Experiment  7,  is  not  a  large 
enough  excess  and  incomplete  Qxidation  resulted.  In  Experi- 
ment 1,  the  high  concentration  of  sodimn  carbonate  diminished 
the  apparently  large  excess  of  iodine  and  again  the  glucose  was 
incompletely  oxidized. 

We  failed  in  attempts  to  oxidize  glucose  with  iodine  m  neutral 
solution,  but  beyond  having  alkaU  present,  and  present  in  suffi- 
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cicnt  quantities  to  neutralize  the  acid  formed  in  the  reaction,  no 
advantage  could  l)e  deserved  in  increasing  the  concentration  of 
the  alkali.  It  is  highlj^  desirable  to  carry  out  the  oxidations  in 
solutions  of  low  alkalinity  because  of  the  effect  of  alkalies  on 
sugars.  We  finally  chose  for  the  oxidations,  solutions  with  1.0 
to  1.5  per  cent  of  sodium  carbonate.  Nef  (7)  reported  that  no 
enolization  of  glucose  took  place  with  this  strength  of  sodium 
carbonate.  The  use  of  sodium  carl:)onate  instead  of  sodium 
hydroxide  seemed  desirable  in  order  to  avoid  any  possible  enoli- 
zation of  the  sugars  present. 

Witzemann  (8)  found  that  disodium  phosphate  catalyzes  the 
oxidation  of  glucose  by  hydrogen  peroxide.  In  trials  where  we 
used  0.5  M  Na2HP04,  we  were  unable  to  note  any  increase  in  the 
velocity  of  the  reaction  between  glucose  and  iodine  that  could 

TABLE  III. 
Anah/sis  of  a  Glucose  Solulion. 


Glucose  solution 
used. 

Glucose  present. 

Iodine  reduced. 

Glucose  found. 

Mobr  ratio  of 

iodine  used  to 

glucose  present. 

cc. 

m^. 

mf;. 

inn. 

3 

10.37 

14.1 

10.00 

1.92  :1 

6 

20.74 

28.6 

20.29 

1.96  :1 

8 

27.65 

38.8 

27.52 

1.99  ;1 

10 

34.56 

48.5 

34.41 

1.99  :1 

14 

48.38 

67.5 

47.89 

1.98  :1 

be  ascribed  to  any  cataljd:ic  influence  of  disodium  phosphate. 
We  also  endeavored  to  catalyze  the  oxidation  of  glucose  by 
iodine  by  adding  traces  of  ferrous  chloride  to  the  oxidation  niix- 
tm-e,  but  obtained  no  evidence  of  any  influence  of  this  iron  salt 
on  the  velocity  of  the  reaction.  Withir^  Umits,  dilution  of  the 
iodine  solution  has  no  effect  on  the  rate  or  completeness  of  the 
oxidation  of  glucose.  Provided  there  is  sufficient  iodine  present, 
its  concentration  does  not  seem  to  be  significant. 

Analysis  of  Glucose  Solutions. — The  preliminary  experiments 
indicated  that  under  suitable  conditions  iodine  could  be  used 
as  a  reagent  for  the  quantitative  estimation  of  glucose.  That 
this  conclusion  was  justified  is  shown  in  Table  III,  where  the 
results  of  the  analysis  of  a  number  of  glucose  solutions  arc  given. 
The  protocol  of  a  single  experiment  is  given  to  illustrate  the  pro- 
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cechirc  that  we  adopted  for  the  oxidation  of  glucose  by  iodine 
The  ghicose  used  was  a  Bureau  of  Standards  preparation  and 
before  using  was  dried  in  vacuo  over  phosphorus  pentoxide. 

To  10  cc  of  a  glucose  solution,  containing  34. 5G  mg.  of  glucose,  2  cc  of 
a  15  per  cent  Na=CO,  solution  were  added;  15  cc  of  ^a  0  1  n  lodme  solu- 
tion were  then  added,  and  the  flask  was  stoppered  and  placed  m  the  dark 
at  room  temperature  for  25  minutes.  Slightly  more  10  per  cent  H.SO, 
than  that  needed  to  neutralize  the  Na^COa  was  added  and  the  lodme 
titrated  immediately  with  0.05  n  Na.S.O,.  From  the  titration,  3. 82  cc. 
of  0.1  N  iodine,  or  48.5  mg.,  had  been  reduced.  Calculated  for  glucose, 
34.41  mg. 

Within  the  experimental  error,  the  molecular  ratio  of  the 
iodine  reduced  to  the  glucose  present  is  2  to  1.  In  other  words, 
the  reaction  proceeds  to  gluconic  acid  accordmg  to  the  equation: 

Celli^Os  +  21  +  H,0  -  CeHaO,  +  2HI 

The  amount  of  iodine  reduced  by  the  sugar  may  then  be  used 
as  a  measure  of  the  amount  of  glucose  present. 

Determination  of  Glucose  in  the  Presence  of  Fructose  and  Sucrose 
—The  oxidation  of  glucose  by  iodine  proceeds  m  the  presence  of 
small  or  large  amounts  of  fructose  or  sucrose,  without  being 
influenced  by  either  sugar.     In  Table  IV  are  given  results  of  the 
determination  of  glucose  when  fructose  or  sucrose  are  also  present. 

Analysis  of  Glucose-Fructose-Sucrose  Solutions.— lodme  oxidizes 
glucose  but  not  fructose  or  sucrose.  Cupric  hydroxide  oxidizes 
both  glucose  and  fructose.  The  use  of  these  two  reagents,  then, 
will  enable  a  determination  to  be  made  of  glucose  and  fructose 
when  together  in  solution,  or  of  glucose,  fructose,  and  sucrose 
when  these  three  sugars  occur  together.  In  the  latter  case,  the 
determination  of  the  reducing  power  of  the  sugar  solution  on 
both  the  iodine  and  copper  reagents  before  hydrolysis  of  the 
sucrose,  and  the  reducing  power  on  either  of  the  reagents  after 
hydrolysis,  will  give  data  from  which  can  be  calculated  the  amounts 
of  the  individual  sugars  which  are  present. 

We  have  successfullv  applied  such  a  procedure  for  tSie  deter- 
mination of  the  three  sugars.  Oxidation  with  iodine  was  carried 
out  as  described  in  the  analysis  of  the  glucose  solutions.  Ihe 
copper  reagent  that  we  have  used  was  Benedict's  reagent  (9) 
and  the  technique  followed  was  that  lately  described  by  Spoehr 
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(10)  for  the  dctorniination  of  small  amounts  of  reducing  sugars. 
Briefly  stated,  this  technique  consists  in  oxidizing  the  sugars  by- 
placing  centrifuge  tubes  containing  the  sugar  and  copper  reagent 
in  a  boiling  water  bath  for  3  minutes,  and  removing  the  cuprous 
oxide  by  centrifugiug;  the  residual  cupric  copper  is  determined 
liy  titrating  the  iodine,  liberated  from  an  excess  of  potassium 
iodide  by  the  cupric  copper,  with  sodium  thiosulfate.  Benedict's 
solution  was  calibrated  in  terms  of  glucose  and  fructose  by  de- 
termining the  reducing  power  of  solutions  of  glucose  and  fructose 
made  up  from  very  pure  and  dry  samples  of  these  sugars. 

One  of  the  difficulties  encountered  was  the  establishing  of 
suitable  conditions  for  the  inversion  of  the  sucrose.  A  few  hours 
heating  on  the  water  bath  with  sufficient  hydrochloric  acid  to 

TABLE  IV. 
Determination  of  Glucose  in  the  Presence  of  Fructose  or  S^icrose. 


Glucose  present. 

Fructose  present. 

Sucrose  present. 

Glucose  found. 

mg. 

mg. 

7«ff. 

mg. 

21.6     - 

12.7 

21.3 

10.8 

12.7 

10.5 

10.8 

25.3 

10.7 

48.7 

10.5 

48. 4 

5.4 

5.3 

4.9 

10.8 

105.1 

10.6 

17.4 

26.3 

17.2 

make  a  1  per  cent  solution  will  completely  invert  the  sucrose 
present.  However,  when  fructose  was  also  present  a  slight  color- 
ing of  the  solution  occurred  during  the  heating,  and  the  reduction 
of  iodine  or  copper  was  greater  than  could  be  accounted  for  by 
the  amounts  of  glucose  present.  Evidently,  fructose  in  acid 
solution  and  at  100°C.  is  partly  decomposed,  yielding  compounds 
which  are  o.xidized  liy  iodine  and  cupric  hydroxide.  We  endeavored 
to  hydrolyze  the  sucrose  with  1  per  cent  hydrochloric  acid  at  25°C. 
Under  these  conditions,  the  inversion  was  incomplete  even  when 
allowed  to  stand  over  night. 

It  was  finally  found  that  2  hours  at  60°C.  with  1  per  cent  hy- 
chochloric  acid  effected  complete  hydrolysis  of  the  sucrose.  The 
solutions  remained  water-clear  and  there  was  no  evidence  of  any 
decomposition  of  fructose  at  this  temperature.     These  conditions, 
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then,  were  chosen  as  being  suitable  for  the  hydrolysis  of  sucrose 

in  the  presence  of  fructose. 

TABLE  V. 
Determinal^onofS^urose^r^^  


Conditions  of  hydrolysis. 


Before  hydrolysis. 

1  per  cent  HCl,  3  hrs.  at  100°. 

I    u      »          "     3      "  "  100°. 

^    »      «          "     3      "  "  100°. 

^    u      a         "  16      "  "    25°. 

Before  hydrolysis. 

1  per  cent  HCl,  2  hrs.  at  60°. 

^    »      "          "    4      "  "  60°. 

^    u      a         "    6      "  "  60°. 


TABLE  VI.. 

Determination  of  Glucose.  Fructose,  and  Sucrose. 


SuKnr 

solution 

used. 


25 

25 
5.09 
2.59 


Iodine 
reduced. 


mQ. 

43.5 
70.9 


Copper 
solution 
redviced.* 


4.10 
3.98 


Glucose 
found. 


Glucose  and 

fructose  as 

glucose. 


vig. 

30.9 
50.3 


mg. 


9.75 
9.47 


Remarks. 


Before  hydrolysis. 
After 

Before  " 

After  " 


Calculated  for  Glucose,  Fructose,  and  Sucrose. 


*  1  cc.  of  Benedict's  solution  =  2.379  mg.  of  glucose  and  2.149  mg.  of 

fructose. 

t  Average  of  determinations  by  iodine  and  copper. 

The  results  of  tlie  hydrolysis  of  sucrose  under  various  condi- 
tions are  given  in  Table  V.  ■   •         i       »„ 

The  results  of  an  analysis  of  a  solution  contaunng  glucose 
fructose,  and  sucrose  are  presented  in  Table  VI.    Utilizing  both 
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iodine  and  cupric  hydroxide  as  oxidizing  agents  and  carrying  out 
the  analysis  according  to  the  procedure  and  under  the  conditions 
that  have  been  outlined  above,  the  method  would  seem  to  be 
accurate  for  the  determination  of  the  individual  sugars  to  within 
an  error  of  3  per  cent. 

Experiments  mth  Maltose— Maltose  is  oxidized  by  lodme,  2 
molecules  of  iodine  reacting  with  1  molecule  of  the  sugar.  We 
have  found  that  this  oxidation  proceeds  somewhat  more  slowly 
than  the  oxidation  of  glucose  by  iodine.  Where  glucose  was  com- 
pletely oxidized  by  iodine  in  25  minutes,  maltose  required  35 
minutes  to  be  completely  oxidized  to  the  mono-basic  acid. 

Maltose  is  much  more  resistant  to  acid  hydrolysis  than  is 
sucrose.     We  could  observe  no  evidence  of  hydrolysis  of  maltose 
by  1  per  cent  hydrochloric  acid  at  60°C.  at  the  end  of  2  hours  and 
even  at  the  end  of  24  hours  at  60°C.,  the  hydrolysis  was  incomplete. 
3  hours  heating  at  100°C.  with  1  per  cent  acid  effects  complete 
hydrolysis  of  maltose  but  such  vigorous   treatment  has  been 
found  partly  to  decompose  fructose  if  present  in  the  solution. 
In  order,  then,  to  ex-tend  the  iodine-copper  method  that  has  been 
outhned  above  to  solutions  that  contain  maltose  in  addition  to 
the  other  sugars,  other  means  than  acid  hydrolysis  of  the  maltose 
would  seem  to  be  necessary.     For  this  purpose  we  have  used 
maltase  prepared  from  fresh  yeast  by  the  method  of  Willstatter, 
Oppenheimer,  and  Steibelt  (11).     We  found  that  maltose  is  com- 
pletely hydrolyzed  to  glucose  with  yeast  maltase  after  3  hours 
digestion  at  30°C.  in  a  solution  whose  reaction  has  been  adjusted 
to  a  pH  of  6.1  to  6.8  with  acid  phosphate,  according  to  the  direc- 
tions of  Willstatter.     The  increase  in  the  reducing  power  of  the 
solution,  as  a  result  of  the  glucose  formed  in  the  reaction,  may 
then  be  taken  as  a  measm-e  of  the  amount  of  maltose  present. 

Freshly  prepared  enzyme  solutions  must  be  used.  After  2  or 
3  days,  the  activity  of  the  maltase  was  greatly  diminished  and 
proved  to  be  unsatisfactory  for  a  quantitative  hydrolyis  of  mal- 
tose. Yeast  maltase  solutions  contain  substances  that  react 
with  iodine,  and  in  the  calculations,  based  on  the  amount  of  iodine 
reduced  as  the  result  of  the  enzyme  hydrolysis,  it  was  foimd 
necessary  to  apply  rather  large  corrections. 

The  results  of  the  experiments  with  maltose  are  given  in 
Table  VII. 
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By  the  use  of  maltase  solutions  and  adequate  control  experi- 
ments, planned  to  determine  the  activity  of  the  maltase  prepara- 
tion, as  well  as  the  reducing  power  of  this  preparation  on  iodine 
and  cupric  hydroxide,  it  would  seem  possible  to  extend  the  iodine- 
copper  method  to  include  maltose  in  addition  to  the  other  sugars. 
With  a  mixture  of  sugars,  the  maltose,  unchanged  by  acid  hydroly- 
sis of  sucrose  at  60°C.,  would  be  measured  by  the  increase  in 
glucose  content  of  the  solution  after  digestion  with  maltase. 

TABLE  VII. 
Determinations  of  Maltose  with  Iodine  under  Various  Conditions. 


1 

6 

1 

a 

s 

c 

o 

-6 

i 

T3 

C 

3 

"i 

o 

§ 

o 

li 

o 

Conditions. 

mfj. 

tng. 

mg. 

mg. 

mg. 

1 

213.0 

148.8 

211.0 

Oxidation  with  I  for  35  min. 

2 

30.0 

20.9 

29.7 

{(                  a       it     tc     2^      te 

3 

16.7 

11.7 

16.7 
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The  results  reported  in  this  paper  are  based  on  the  analysis  of 
pure  sugars.  It  is  well  to  point  out  that  in  applying  this  method 
to  sugar-containing  fluids  such  as  plant  extracts  that  contain, 
in  addition  to  the  sugars,  other  compounds,  the  accuracy  of  the 
results  will  depend  on  the  freedom  of  the  solution  analyzed  from 
reducing  substances  other  than  sugars,  or  compounds  that  will 
react  with  iodine. 

SUMMABY. 

The  oxidation  of  glucose  by  iodine  has  been-  investigated  and 
the  conditions  whereby  a  quantitative  oxidation  of  glucose  to 
gluconic  acid  may  be  effected  have  been  established. 
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Using  iodine  and  cupric  hydroxide  as  oxidizing  agents,  a  method 
has  been  presented  for  the  determination  of  gUicose,  fructose,  and 
sucrose  where  these  sugars  occur  together,  and  in  small  quantities. 

Results  suggesting  that  the  method  may  be  extended  to  include 
maltose  are  given. 

The  larger  part  of  the  experimental  work  reported  in  this  paper 
was  done  in  the  Coastal  Laboratory  of  the  Carnegie  Institution  of 
Washington,  at  the  suggestion  and  under  the  direction  of  Dr.  H.  A. 
Spoehr.  The  author  is  greatly  indebted  to  Dr.  Spoehr  for  his 
helpful  advice  and  criticism,  and  to  the  Carnegie  Institution  for 
the  privilege  of  working  in  the  Coastal  Laboratory. 
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INTEODUCTION. 

At  Cornell  University,  Emerson  has  been  the  leader  in  an  important 
series  of  genetical  investigations  of  maize,  in  which  the  Mendelian  factorial 
composition  of  many  color  varieties  has  been  established.  In  a  recent 
memoir'  he  has  dealt  especially  with  what  he  terms  plant  colors;  i.e.,  colors 
due  to  pigments  (otherthan  those  of  the  chloroplasts)  which  are  commonly 
seen  in  the  husks,  the  staminate  inflorescence,  the  foliage  generally,  and 
the  stem. 

Of  such  plant  colors  he  has  established  the  genetical  relations  of  six  main 
types  as  follows:  (1)  purple,  (2)  sun  red,  (3)  dilute  purple,  (4)  dilute  sun 
red,  (5)  brown,  (6)  green.  In  a  former  paper  in  this  Journal-  we  have 
pointed  out  the  importance  of  chemical  studies  of  such  color  series  as  this 
in  which  the  genetical  factorial  analysis  has  been  made.  Only  by  the 
chemical  investigation  of  genetically  known  material  may  we  hope  to  come 
to  any  satisfactory  understanding  of  the  meaning  of  the  Mendelian  analysis, 
and  of  the  actual  operation  of  the  factors  which  in  such  an  analysis  are 
known  as  symbols. 

The  plant  color  series  in  maize  immediately  suggests  a  parallelism  with 
similarly  related  varieties  of  other  plants  in  which  flower  color  (due  to 
cell  sap  pigments  of  the  flavonol  and  anthocyanin  groups)  varies  from 
white  to  various  shades  of  yellow,  red,  and  purple.  Such  a  parallelism  has 
already  been  confirmed'  by  the  isolation  of  a  quercetin  glucoside  from 

*  Published  by  permission  of  the  Secretary  of  Agriculture. 
'  Emerson,  R.  A.,  Cornell  Univ.  Agric.  Exp.  Station,  Memoir  XXXIX, 
1921,  156. 

=  Sando,  C.  E.,  and  Bartlett,  H.  H.,  J.  Biol.  Chem.,  1920,  xli,  495. 
'  Sando,  C.  E.,  and  Bartlett,  H.  H.,  /.  Agric.  Research.,  1921,  xxii,  1. 
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brown-Iuiskcd  maize  (Type  5)  and  by  the  occurrence  of  a  corresponding 
anthocyanin  (not  yet  isolated)  in  purple  (Type  1). 

In  order  that  the  geneticist  may  perceive  the  feasibility  of  a  chemical 
attack  on  the  problem  of  interpreting  genetical  factors,  it  does  not  seem 
out  of  place  to  state  briefly  the  simple  chemical  relationship  of  the  cell  sap 
pigments  to  one  another.  Without  some  chemical  knowledge  of  the  pig- 
ments, the  geneticist  obviously  cannot  advance  beyond  the  symbolic 
expression  of  his  results. 

The  yellow  sap  pigments  derived  from  flavone  may  be  subdivided  into 
two  groups— flavone  and  flavonol.  The  flavone  pigments  are  derivatives 
of  the  mother  substance  flavone  (1),  or  phenyl-2-phenopyrone-4,''  while 
the  flavonol  pigments  are  derivatives  of  flavonol  (II),  which  is  character- 
ized by  the  fact  that  the  hydrogen  in  the  pyrone  nucleus  is  replaced  by 
hydroxyl.  The  anthocyanidin  pigments  are  derivatives  of  phenyl-2-pheno- 
pyrylium  (III).' 


O 


V/\/ 
CO 


I 


< 


I.  Flavone. 


II.  Flavonol. 


III.  Phenyl-2-pheno- 
pyrylium. 


Compounds  containing  this  latter  nucleus  are  characterized  by  the  fact 
that  they  form  difficultly  soluble,  well  crystalline  oxonium  salts,  conse- 
quently the  natural  anthocyanidins  are  described  as  oxonium  chlorides, 
regardless  of  the  fact  that  the  coloring  matters  probably  exist  in  the  plant 
as  combinations  with  organic  acids. 

In  the  plant,  hydroxy  and  methoxy  derivatives  of  the  three  classes  of 
pigments  exist  as  glucosides.  The  anthocyanidin  glucosides  are  the 
naturally  occurring  anthocyanins.  The  anthocyanidins  in  the  form  of 
their  oxonium  salts  may  be  looked  upon  as  formed  from  the  corresponding 
flavonols  by  three  steps:  (o)  reduction  (by  the  addition  of  2  atoms  of 
hydrogen),  (())  combination  with  an  acid,  in  the  plant  cell  probably  an 
organic  acid,  but  in  the  laboratory  generally  hydrochloric  acid,  and  (r)  , 
by  the  elimination  of  a  molecule  of  water.  The  three  steps  representing 
the  transition  from  flavonol  to  anthocyanidin  may  be  illustrated  by  the 
formation  of  cyanidin  chloride  from  quercetin.  Quercetin  is  not  only  a 
typical  flavonol  and  one  which  is  found  widely  distributed  in  nature,  but  it 
is  also  the  particular  one  which  is  concerned  in  the  pigmentation  of  maize. 


*  The  numbering  of  the  rings  is  that  indicated  by  Decker  and  von  Fellen- 
berg  (Decker,  H.,  and  von  FcIIenberg,  T.,  Ann.  Chem.,  1907,  ccclvi,  296). 
'  Decker,  H.,  and  von  Fellenberg,  T.,  Ann.  Chem.,  1907,  ccclvi,  281. 
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O  OH 


Queroetin  (yellow).         |       I 

OH   C 


Pseudobase  (colorless). 


OH 


+  H,0 


i 


Cyanidin  chloride  (red). 

(For  the  sake  of  simplicity  the  above  reaction  shows  the  transformation 
from  flavonol  to  anthocyanidin,  both  of  which  are  aglykones  or  non-sugar 
products  of  the  splitting  of  the  glucoside  molecule.  The  reactions  in  the 
plant  are  doubtless  concerned  with  the  glucosides,  since  the  flavonol 
glucosides  which  occur  in  the  plant  are  water-soluble  and  more  easily 
reduced  than  the  flavonols  themselves.)  The  delicate  equilibrium  that 
must  be  maintained  in  a  plant  cell  in  order  that  one  or  another  cell  sap 
pigment  may  be  present  is  indicated  by  the  ease  with  which  reversal  of 
this  last  step  takes  place.  Merely  by  treatment  with  hot  water,  pelar- 
gonidin  chloride  (the  anthocyanin  of  the  scarlet  geranium  is  a  glucoside 
of  pelargonidin)  passes  into  the  colorless  pseudobase,  by  the  addition  of 
1  molecule  of  water  and  loss  of  hydrochloric  acid.  Alcoholic  extracts  of 
anthocyanins,  although  deeply  colored  at  first,  frequently  become  rapidly 
decolorized  by  this  reaction,  which  may  possibly  be  found  to  afford  an 
explanation  of  the  variation  of  some  flowers  from  white  to  red,^  which  is 
known  to  depend,  in  Primula  sinejisis  var.  rubra,  upon  the  temperature 
at  which  the  flowers  develop,  the  flowers  being  white  at  30-35°C.,  and  red 
at  15-20°C. 

It  is  obvious  that  the  chemical  relationships  of  these  plant  pigments  are 
such  that  relatively  slight  changes  in  the  condition  of  the  cell  might  lead 
to   large   visible  effects. 

In  both  flavonols  and  anthocyanidins  there  is  a  variable  number  of 
hydroxyl  groups  which  are  capable  of  being  condensed  with  sugars.  Com- 
pounds with  glucose,  rhamnose,  and  galactose  are  known.  Others  will 
doubtless  be  found.  Depending  upon  the  position  of  the  substituted 
hydroxyls  of  any  one  flavonol  or  anthocyanidin,  and  also  upon  the  partic- 
ular carboh3'drate  which  condenses  with  it  to  form  the  glucoside,  there  is 
an  opportunity  for  the  existence  of  a  large  number  of  isomeric  pigments 
of  somewhat  different   properties.    With  one,   two,   or  more    hydroxyls 

^  Klebs,  G.,  Jahrb.  ivissensch.  Bol.,  Leipsic,  1906.  xlii,  1.55.  cf.  Wheldale, 
M.  The  anthocyanin  pigments  of  plants,  Cambridge,  191G,  ST. 
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substituted,  there  is  also  an  opportunity  for  several  series  of  isomers, 
aUhough  onlv  a  monoglucoside  series  and  a  diglucoside  senes  are  known. 
fS  variation  inthepositionofthehydroxylsamongtheseveralmother 

substances  provides  possibilities  for  still  n.ore  stereoisomers.  Reference 
to  the  work  of  Perkin  and  Everest'  shows  that  many  flavones  and  flavonols 
have  already  been  isolated.  WiUstatters  and  his  students  have  made  great 
advances  in  the  chemistry  of  the  anthocyanms. 

The  early  interest  was  centered  in  the  yeno^v  plant  pigments 
because  of  their  value  as  dyes.     Consequently  the  glucosides  of 
great  importance  from  the  genetical  standpoint,  have  been  less 
studied  than  the  flavones  and  flavonols.     In  the  recent  work  on  the 
anthocyanins  the  glucosides  have  received  relatively  more  atten- 
tion  but  the  geneticist  finds  Uttle  in  the  past  work  on  flavonol 
glucosides  and  anthocyanins  that  enables  him  to  argue  that  any 
particular  yellow  pigment  is  the  mother  substance  of  a  particular 
purple      It  is  merely  inferred  that  the  most  easy  transition,  m- 
volving  the  least  readjustment  of  the  molecule,  is  the  one  that 
takes  place  in  the  plant.    Thus,  if  the  yellow  color  of  a  certain 
plant  were  known  to  be  due  to  a  glucoside  of  quercetm,  and  it  a 
geneticaUv  related  pm-ple  type  of  the  same  species  existed,  one 
might  logically  expect  the  purple  color  to  be  due  to  a  homologous 
glucoside  of  cyanidin.     Or,  if  both  yeUow  and  purple  pigments 
existed  in  the  same  variety,  under  circumstances  that  made  it 
appear  likely  that  one  pigment  was  the  mother  substance  of  the 
other,  there  would  be  ground  for  expecting  an  equally  simple 
relationship.     What  httle  direct  evidence  there  is  that  supports 
this  view  has  been  found  by  Everest,^  who  has  shown  the  coexist- 
ence in  purple-black  pansies  of  the  closely  related  pan;  mjTicetin 
(CrH.oOs)  and   delphinidin  (CsHwO,),  the  former  yieldmg  the 
latter  by  reduction.     To  render  the  proof  more  satisfactory  one 
would  wish  to  show  not  only  the  close  correspondence  between  the 
flavonol  and  the  anthocyanidin,  but  also  a  correspondence  m  the 
sugar  and  the  position  of  its  attachment.     It  is  obvious  that  a 
large  field  is  here  thrown  open  for  investigation. 

No  compounds  are  more  widespread  in  plants  than  the  yeUow 
and  purple  pigments  under  consideration.     The  characters  de- 

T  Perkin,  A.  G.,  and  Everest,  A.  E.,  The  natural  organic  colouring 

matters,  London  and  Xew  York,  1918. 

8  Willstatter,R.,etal.,  Summarized  in  foot-note  <. 

«  Everest,  A.  E.,  Proc.  Roy.  Soc.  London,  Senes  B,  1913-14,  IxxxMi,  444. 
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pending  upon  their  presence,  absence,  or  distribution  have  often 
been  the  subject  of  genetical  research,  for  the  reason  that 
color  characteristics  are  frequently  due  to  aUelomorphic  factors. 
If  not  aUelomorphic,  the  color  factors  are  interacting  and  the 
Mendelian  ratios  are  interpreted  from  this  standpoint.  Thus,  it 
is  frequently  the  case  that  a  simple  monohybrid  ratio  is  obtained 
in  crosses  between  yellow  and  purple  varieties.  The  cross  be- 
tween purple  and  brown-husked  maize  affords  a  case  in  point. 
The  first  hybrid  generation  is  purple.  The  second  shows  segrega- 
tion of  purple  and  brown  in  a  3 : 1  ratio. 

Color  characters  may  be  mutually  exclusive,  not  coexisting  in 
the  same  plant  or  tissue,  or  non-exclusive,  as  in  the  case  of  flowers 
in  which  both  yellow  and  purple  pigment  coexist.  Distribution 
factors  may,  in  the  latter  case,  cause  a  definite  color  pattern,  as  in 
variegated  purple  and  yellow  pansies,  or  the  pigments  may  be 
mixed.  An  example  of  the  intimate  association  of  yellow  and 
purple  (or  blue)  is  possibly  indicated  by  the  green  flowers  of  certain 
hybrids  between  purple  and  yeUow  alfalfa,  in  which  the  resultant 
color  is  green.  (It  is  not  certain,  however,  that  plastid  pigments 
are  not  here  involved.) 

It  goes  without  saying  that  it  would  be  a  great  gain  to  both  the 
physiologist  and  the  geneticist  if  the  place  of  these  pigments  in 
metabohsm  were  known,  and  if  it  were  possible  to  trace  the  train, 
of  reactions  by  which  the  same  mother  substance  gives  rise  to> 
different  pigments  in  organisms  of  different  genetical  constitution. 
Hypothetical  chemical  explanations  of  the  allelomorphism  of  color 
characters  have  been  proposed,  but  aU  require  complete  or  partial 
verification.  For  example,  it  has  been  suggested  by  Wheldale^* 
that,  in  the  simplest  case,  there  would  be  at  least  two  factors 
responsible  for  anthocyanin  formation  in  flowers,  one,  designated 
C,  representing  chromogen,  and  another,  designated  R,  represent- 
ing an  enzyme  which  is  supposed  to  act  upon  C  with  the  production 
of  color.  It  is  generally  believed  that  in  some  cases  a  flavonol 
glucoside  may  itself  act  as  a  chromogen  for  the  formation  of  an 
anthocyanin,  as  in  the  case  of  the  purple-black  pansy  already 
mentioned. 

'0  Wheldale,  iM.,  The  anthocyanin  pigments  of  plants,  Cambridge,  1916, 
211. 
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The  available  evidence  would  seem  to  indicate  that  cases  of 
extreme  simplicity  are  not  often  to  be  expected.  For  example,  a 
flavonol  from  blue  flowered  Delphinium  consolida  L.  has  been 
isolated  and  examined  by  Pcrkin  and  Wilkinson'^  and  found  to  be 
kaempferol.  Willstatter  and  Mieg'=  prepared  an  anthocyamdm 
from  a  purple  variety  of  the  same  species,  and  named  it  del- 
phinidin.  The  flavonol  corresponding  to  delphmidm  is  not 
kaempferol,  but  myricetin.  Here  we  have  a  lack  of  the  cor- 
respondence such  as  Everest  found  in  his  pansy.  It  must  be 
emphasized,  however,  that  in  the  case  of  Delphinium  the  two 
investigators  used  different  varieties,  and  that  the  genetical  rela- 
tions are  totally  unknown,  and  probably  complex,  for  there  is 
evidence  from  another  species  of  Delphinium  of  the  complexity  of 
pigmentation  in  this  genus,  showing  that  even  a  yellow  species 
without  known  blue  or  purple  forms  may  be  a  genetically  un- 
resolved mixture  of  different  yellow  types.  That  Perkin  and 
Pilgrim"  found  three  flavonols  in  the  yellow  flowers  of  Delphinium 
consolida,  chosen  at  random,  is  therefore  not  surprising. 

Thus  far  no  scries  of  color  types  of  known  genetical  constitution 
has  been  thoroughly  examined  chemically,  although  an  excellent 
becrinning  in  this  work  was  made  by  Wheldale  and  Bassett. 
Their  work  concerned  Antirrhinum,  from  which  they  were  suc- 
cessful in  isolating  flavones  (not  flavonols)  from  two  yellow 
varieties.  The  deep  yellow  variety,  with  the  Mendehan  constitu- 
tion YYii  contained  both  luteolin  and  apigenin.  A  dominant 
factor,  I,  transformed  the  deep  yellow  into  ivory,  or  very  light 
yellow,  the  homozygous  ivory  type  having  the  formula  YYII,  and 
containing  onlv  the  pale  colored  apigenin.  Other  factors  brought 
about  the  formation  of  two  different  anthocyanms,  which  were 
unfortunately  not  obtained  in  satisfactory  condition  for  a  deter- 
mination of  constitution  or  identity.  Since  Wheldale  and  Bassett 
did  their  work  l:.efore  the  publication  of  Willstiltter's  brilliant 
researches,  it  is  hoped  that  the  Antirrhinum  material  may  still 
be  worked  out  satisfactorily.     However,  it  must  be  noted  that  no 

u  Perkin  A.  G.,  and  Wilkinson,  E.  J.,  J.  Chem.  Soc,  1902,  Ixxxi,  585. 
i^  Willstatter,  R.,  and  Micg,  W.,  Ann.  Chem.,  1915,  cdvu,  61.       _ 
13  Perkin,  A.  G.,  and  Pilgrim,  J.  A.,  J.  Chem.  Soc,  1898,  Ixxiu,  2b/ . 
"Wheldale,  M.,  and  Bassett,  H.  L.,  Biochem.  J.,  1913,  vn,  •«1;/™^- 
Roy  Soc.  London,  Series  B,  1914,  Ixxxvii,  300;  Biochvm.  ./.,  1914,  viu,  .04. 
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natural  anthocyanins  corresponding  to  the  flavones  arc  yet  known, 
and  the  anthocyanins  of  Wheldale  and  Bassett  may  therefore 
have  been  very  different  in  their  properties  from  the  anthocyanins 
prepared  by  Willstatter. 

Geneticists  who  are  working  with  cotton  and  have  pure  hnes  of 
color  types  at  their  disposal  might  turn  to  good  account  Perkin's 
investigations  of  the  flavonol  glucosides  of  several  types  of 
Gossypium.^^,^^  (Additional  data  have  been  contributed  by  Vie- 
hoever,  Chernoff,  and  Johns. '^)  In  cotton  there  is  a  series  of 
Mendelian  color  types  of  which  the  basic  work  on  the  flavonols 
has  been  done,  leaving  only  the  anthocyanins  to  be  worked  out 
from  the  beginning. 

We  have  already  pointed  out  in  another  paper  the  value  of 
Emerson's  maize  material  for  this  problem.  Although  probably 
no  better  than  cotton,  the  maize  is  superior  to  Antirrhinum  in 
containing  flavonol  rather  than  flavone  glucosides,  with  the  obvious 
advantage  that  the  anthocyanins  wall  probablj'  prove  to  have 
been  w-orked  out,  or  at  least  to  be  very  similar  to  those  described 
by  Willstatter.s 

The  maize  series  affords  green  types  of  different  factorial  compo- 
sition which  give,  on  crossing,  a  brown  type.  The  brown  type, 
obtained  in  the  homozygous  condition  by  inbreeding  (self-pollina- 
tion), will  give  simple  Mendelian  ratios  when  crossed  with  purple, 
the  purple  character  being  dominant  in  the  first  hj^brid  generation, 
and  segregation  in  a  3 : 1  ratio  taking  place  in  the  second  genera- 
tion. We  have  an  example,  then,  of  interacting  factors,  neither  of 
which,  alone,  produces  color,  but  which  produce  brown  bj'  inter- 
action when  both  are  present  together.  The  sjnnbols  for  these 
factors  are  B  and  PI.  The  two  different  green  types  mentioned 
above  contain  B  and  PI,  respectively,  each  alone.  A  third  factor 
is  called  A,  which  in  the  presence  of  B  and  PI  produces  purple. 
With  B  alone  the  presence  of  A  produces  the  type  known  as  sun 
red,  for  the  reason  that  the  red  color  appears  only  if  the  plants 
are  exposed  to  direct  sunhght.  With  PI  alone,  A  produces  a  dilute 
purple  color.     A,  then,  is  a  factor  for  the  production  of  some  type 

"  Perkin,  A.  C,  J.  Chcin.  Soc,  1S99,  Ixxv,  S25;  1916,  cix,  145. 
'«  Perkin,  A.  G.,  J.  Chem.  Soc,  1909,  xcv,  21S1. 

"  Viehoever,  A.,  Chernoff,  L.  11.,  and  Johns,  C.  O.,  J.  Agric.  Research, 
1918,  xiii,  345. 
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of  anthocyanin,  the  nature  of  which  is  detennined  by  the  other 
factors  present.  If  A  is  present  at  all,  the  plant  color  in  Emerson's 
material  has  always  been  purple  or  red.  If  the  plant  color  is  to  be 
brown,  A  must  be  absent,  but  both  B  and  PI  must  be  present. 
This  interesting  series  of  relations  must  have  a  discoverable 
chemical  basis.  To  find  such  a  basis  has  been  the  motive  for  the 
present  paper,  which  is  to  be  followed  by  others  as  the  examina- 
tion of  the  several  genetical  types  proceeds. 

Thus  far  we  have  worked  mainly  upon  the  brown  type,  since  it 
seemed  to  provide  the  most  tangible  point  of  departure. 

It  might  have  seemed  more  logical  to  begin  with  one  of  the  green 
varieties,  of  which  there  are  three  in  Emerson's  series,  their 
formulas  being  aabbPlPl,  aaBBplpl,  and  aabbplpl.  The  first  two 
are  the  ones  that  give  the  brown  type  when  crossed. 

Using  the  same  reasoning  which  has  been  advanced  in  the  past, 
one  might  expect  to  find  that  these  three  green  varieties  would  be 
characterized  as  follows:  (a)  one  containing  a  chromogen,  i.e.  some 
colorless  or  relatively  colorless  mother  substance  from  which 
flavonol  or  anthocyanin  may  be  produced,  but  lacking  the  enzyme 
which  accelerates  the  reaction,  {b)  a  second  variety  containing  the 
enzyme,  but  not  the  chromogen,  and,  (c)  the  ultimate  Mendelian 
recessive,  a  variety  containing  neither  chromogen  nor  enzyme. 
Lacking  a  clue  to'the  nature  of  the  hypothetical  chromogen  or 
mother  substance  of  the  pigment,  however,  and  expecting  only  one 
of  the  tluee  green  genotypes  to  contain  such  a  chromogen,  it 
seemed  best  to  work  first  with  the  brown  type,  upon  the  sup- 
position that  it  would  be  found  to  contain  a  flavonol.  This 
supposition  was  confirmed  by  the  isolation  and  identification  of 
quercetin,  derived  from  an  unidentified  glucoside. 

Preparation  of  Isoquercitrin.  , 

The  quercetin  glucoside  of  the  brown-husked  maize  was  orig- 
inally obtained  in  too  small  a  quantity  for  thorough  study  by 
methods  outlined  in  our  former  paper.^  A  much  larger  quantity 
was  obtained  subsequently  by  the  following  procedure.  The 
ground  husks  were  extracted  for  2  or  3  weeks  with  95  per  cent 
alcohol,  and  the  extract  was  evaporated  under  reduced  pres- 
sure. The  syrupy  residue  was  taken  up  with  boiling  water  and 
filtered  by  means  of  a  hot  water  funnel.     The  filtrate  was  allowed 
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to  cool  and  was  then  shaken  with  ether  to  remove  free  quercetin 
and  other  substances.     The  qviercetin  gkicoside  was  then  removed 
from  the  aqueous  solution  by  repeated  shakings  with  ethyl  acetate. 
The  ethyl  acetate  extracts  were  then  evaporated  in  a  distilling 
flask,  and  as  tarry  substances  separated  on  the  Ijottom  of  the  flask 
they  were  eliminated  by  changing  the  flasks.     As  the  process 
of  concentration  proceeded,  this  deposit  became  lighter  in  color, 
and  was  then  filtered  off  and   added  to  the  residue    oljtained 
by  complete  distillation.     The   procedure  affected  a  mechanical 
separation  of  the  phlobaphcne-like  substances,  which  separated 
in  a  tarry  condition  antl  could  easilj-  be  removed  from  the  portions 
richer  in  the  unidentified  glucoside.     The  crude  glucoside    was 
pui'ified  by  solution  in  successive  small  amounts  of  boiling  water, 
followed  by  repeated  crystallization  from  relatively  large  amounts 
of  boiling  water,  aqueous  pyridine,  dilute  acetic  acid  (1  per  cent), 
and  finally  from  boiling  water.     In  the  presence  of  contaminating 
substances,  the  quercetin  glucoside  was  found  to  be  easily  soluble 
in  boiling  water.     As  it  becomes  purer  the  solubility  decreases. 
Approximately  5  liters  of  boiling  water  were  required  to  dissolve 
11   gm.   of  air-dried  glucoside,   although  this    relation  does  not 
accurately  represent   the   solubility   ratio.     A  quantitative  ap- 
proximation of  the  glucosidal  content  of  air-dried  brown  maize 
husks  was  determined  by  extracting  1,000  gm.  with  95  per  cent 
alcohol  for  3  weeks.     This  extract  was  freed  of  alcohol  by  vacuum 
distillation  and  the  residue  taken  up  in  boiling  water  as  before. 
After  filtering,  cooling,  and  removing  ether-soluble  substances, 
the  aqueous  solution  was  shaken  with  ethyl  acetate  until  the  final 
extracts  no  longer  gave  a  test  for  flavonol.     Evaporation  of  acetic 
ether  left  a  residue,  which  after  initial  separation  from  tarry 
substances  and  final  purification  by  repeated  crystallization  from 
large  volumes  of  Ijoiling  water,  amounted  to  4  gm.  in  the  air-dried 
state.     For  carrying  through  nmch  of  the  tedious  work  of  extract- 
ing the  glucoside  our  thanks  are  due  to  Mr.  Paul  WiUiams. 

The  corn  glucoside,  in  its  final  state  of  p\u-ity,  forms  a  fclty  mass 
of  primrose-yellow  needle-like  plates,  which  are  often  branched  as 
shown  in  Fig.  1.  In  our  former  paper^  the  color  of  this  glucoside  is 
reported  as  lemon-yellow  and  the  melting  point  as  220-22'2°C. 
It  is  obvious  that  the  small  amount  olitaincd  for  the  previous 
investigation  precluded  the  possibility  of  getting  it  pme  and  tliis 
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accounts  for  its  deeper  color  and  lower  nieltinR  point.  The  pure 
ducoside  melts  at  220-222.5°C.  An  aqueous  solution  ot  this  eoin- 
nound,  usins  the  filtrate  from  which  most  of  the  pigment  had 
separated  on  cooling,  gives  with  a  few  drops  of  ferric  chloride,  a 
pale  olive-green,  and  with  excess  of  the  reagent,  an  intense  olive- 
green  color.     Addition  of  sodium  carbonate  or  dilute  ammonia 


Fig.  1    Isoqunrcitrin,  of  brown-husked  maize  crystallized  from  hot  water 
(X  4511). 

to  the  pigment  solution  intensifies  the  original  yellow  color. 
I.ead  acetate  added  to  the  cold  aciueous  solution  gives  a  yellow 
precipitate  which  becomes  more  voluminous  on  the  addition  of  a 
trace  of  ammonia.  When  an  u<iucous  solution  is  reduced  with 
magnesium  ribbon  and  hydrochloric  acid  a  clear  pale  rose-red 
color   is   produced.     Probably   the   spectral   transmission   curve 
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affords  as  uspful  a  criterion  of  the  identity  of  a  pigment  as  any  that 
can  be  obtained.  To  facilitate  future  comparisons  of  unlvuown 
glucosides  witli  the  flavonol  ghicoside  isohxted  from  brown  corn, 
the  U.  S.  Bureau  of  Standards  has  very  kindly  prepared  com- 
parable spectral  transmission  curves  (Fig.  2)  of  our  maize  ghi- 
coside and  the  quercetin  prejjared  from  it.  In  order  to  assure 
comparaViility  the  two  (pigments  were  dissolved  in  al)Solute  alcohol 
and  were  made  of  the  same  molecular  concentration  (0.906  eg. 
of  quercetin  per  liter;  1.392  eg.  of  isoquercitrin  per  liter,  that  is, 
solutions  of  M  '300,000  concentration).  The  measurements  in  the 
visible  part  of  the  spectrum  were  made  by  Dr.  M.  K.  Frehafer, 
and  those  in  the  ultra-violet  by  Mr.  H.  J.  McNicholas,  to  whom 
we  wish  to  expi-ess  oin-  thanks. 

The  spectral  transmission  of  the  glucosides  of  the  flavone  and 
flavonol  derivatives  will  doubtless  afford  important  evidence  as  to 
the  position  of  attachment  of  the  sugar  residues,  since  the  removal 
of  a  particular  hydroxyl  group  by  condensation  with  sugar 
might  be  expected  to  give  a  glucoside  with  approximately  the 
same  transmission  as  the  non-glucoside  with  an  H  instead  of  an 
OH  in  the  same  position.  Since  the  phenols  and  phenol  acids 
formed  as  cleavage  products  of  the  flavones  and  flavonols  (by 
fusion  with  alkali)  indicate  the  position  of  the  hydroxyl  groups, 
it  follows  that  the  point  of  condensation  in  a  glucoside  would 
be  indicated  by  a  close  similarity  in  optical  properties  between  a 
glucoside  of  a  given  flavonol  A,  and  a  free  flavonol  B,  containing 
one  less  OH  group  than  A.  Thus,  if  a  monoglucoside  of  quercetin 
were  closely  similar  in  spectral  transmission  to  kaempferol,  it 
would  indicate  that  the  point  of  attachment  of  the  sugar  residue 
would  be  the  particular  hydroxjd  which  differentiates  quercetin 
from  kaempferol.  The  estabUshment  of  homologies  between 
glucosides  of  the  flavonol  and  anthocyaniilin  series  is  going  to 
require  the  points  of  attachment  to  be  known.  It  is  therefore 
suggested  that  in  future  the  measurement  of  spectral  transmission 
be  made  a  part  of  the  routine  examination  of  these  glucosides, 
and  that  each  curve  be  plotted  against  the  free  flavonol,  in  the 
same  molecidar  concentration. 
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Identification  of  Isoquercitrin. 

In  our  former  paper'  wc  stated  that  the  glucoside  of  the  brown 
maize  was  very  similar  to  one  isolated  by  Heyl'«  froin  the  pollen 
of  the  ragweed,  Ambrosia  artemisicefolia  L.     A  search    of  the 
literature  showed  that  the  latter  was  similar  in  many  ways  to  the 
isoquercitrin  described  by  Perkin"  from  cotton  flowers.     Heyl 
very  kindly  placed  at  our  disposal  the  small  sample  of  his  compound 
which  remained  and  Perkin  likewise  sent  a  liberal  sample  of  au- 
thentic isoquercitrin.     As  a  result  of  a  careful  comparison  of  the 
three  preparations,  we  conclude  that  the  corn  glucoside  is  identical 
with  isoquercitrin.     We  are  not  so  certain  about  the  identity  of 
Heyl's  compound  with  isoquercitrin,  for  the  reason  that  the  small 
amount  available  (90  mg.)  was  insufficient  for  complete  identifica- 
tion.    However,  several  points  of  identification  have  been  made. 
AU  are  monoglucosides.     The  products   of  hydrolysis   in  each 
instance  are  quercetin  and  glucose.     All  crystallize  in  the  same 
form  (see  Figs.  1,3,  and  4) .     The  melted  glucoside  in  each  case  is  a 
cherry-red  oily  liquid.     Identical  reactions  are  obtained  when 
solutions  of  the  three  glucosides  are  reduced  with  magnesium 
and  hydrochloric  acid,  and  when  they  are  treated  with  lead  ace- 
tate, ferric  chloride,  sodium  carl)onate,  and  hydrochloric  acid. 
Before  we  received  samples  of  Perkin's  isoquercitrin  and  Heyl's 
ragweed  glucoside,  a  determination  of  the  melting  point  of  the 
corn    glucoside    led    us    to    believe    that    all  three    compounds 
were  different  isomeric  monoglucosides,  since  the  melting  point 
which  we  obtained  for  the  corn  glucoside  differed  from  that  of 
isoquercitrin,  reported  as  217-219°C.,i«  as  well  as  from  that  of 
Heyl's  glucoside'^  one  sample  of  which  melted  at  224-226°C.  and 
the  other  at  228-229°C.     Since  receiving  these  samples,  however, 
we  have  found  that  the  rapidity  with  which  the  heating  is  carried 
out  in  the  melting  point  determination  influences  the  melting 
point.     When  the  compounds  are  placed  in  the  bath  at  200°C., 
and  the  heating  is  so  regulated  that  there  is  a  rise  of  1°  in  1  minute, 
the   melting   points   are   as   foflows:  corn   glucoside,    210-211  ; 
Perkin's  cotton  isoquercitrin,  208.5-209.5°;  Heyl's  ragweed  glu- 
coside, 215.5-217.5°.     Under  similar  circumstances,  except  that 
heating  was  at  the  rate  of  about  7.5°  per  mijiute,  the  melting 

i»  Hpyl,  F.  W.,  ./.  Am.  Chem.  Soc,  1910,  xli,  1285. 
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points  were  220-222.5°,  218-220°,  and  224-22(i.5°,  respectively. 
Heyl's  compound  mixed  in  an  agate  mortar  with  an  equal  amount 
of  the  corn  glucoside  did  not  show  the  depression  in  the  melting 
point  which  would  be  expected  if  these  two  substances  were 
different.  The  melting  point  of  the  mixture  was  slightly  higher 
than  that  of  the  corn  compound  alone.     Perkin's  isoquercitrin 


Fig     3.  Heyl's   ragweed    quercetin   monoglucoside,    cryst.allized    frnm 
hot  winter  (X  450). 

mixed  with  the  corn  glucoside  changed  the  melting  point  of  the 
latter  only  slightly,  the  difference  being  too  small  to  be  of  any 
significance.  Finally  a  mixture  of  all  three  glucosides  was  found 
to  have  a  melting  point  identical  with  that  of  the  corn  glucoside. 
From  the  above  results  one  is  led  to  suspect  that  these  three 
compounds  will  be  found  to  be  identical  when  larger  amounts  are 
availaV)le  for  examination. 
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One  observation  was  made  which  may  account  for  the  difference 
in  mching  point  between  Heyl's  p:hicoside  and  the  other  two.  In 
crystallizing  the  three  compounds  under  the  same  conditions,  0.034 
gm.  of  air-dried  pigment  in  each  case  dissolved  in  5  cc.  of  boiling 
water,  filtered  hot  and  set  aside  to  crystaUize,  we  noticed  that  in 
each  instance  the  crystalline  precipitate  was  admixed  with  a  small 


Fig.  4.  Perkin's  cotton  isoquercitrin,  crystallized  from  hot  water  (X 
450). 

amount  of  droplets  (amorphous  spherules).  Heyl's  glucoside 
showed  the  least  of  this  non-crystalline  admixture  and  this  may 
explain  why  his  compoimd  melted  at  a  higher  temperature  than  the 
other  two.  The  amorphous  spherules,  according  to  this  inter- 
pretation, represent  some  slight  contamination,  from  which  Heyl's 
compound  is  nearly  free. 
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When  deposited  fioiu  aqueous  solution,  the  corn  ghicoside  con- 
tains water  of  crystallization,  which  is  liberated  at  160°C.  The 
air-dried  substance  was,  therefore,  heated  at  this  temperature  to 
determine  the  loss  of  weight. 

1 .  lo.')4  gm.  lost  0.0467  gra.  H2O.     Found.     H-.0  4.04. 

In  order  to  eliminate  the  error  caused  by  the  presence  of  hygro- 
scopic moisture,  the  three  following  determinations  were  carried 
out  using  material  which  had  been  vacuum-dried  at  room  tem- 
jicraturc  until  it  reached  constant  weight. 

0  5229  gm.  lost  0.0201  gni.  H2O.  Found.  H2O  3.84. 
1.1511     "      "     0.0424    "         "  "  "   3.68. 

0.5980     "      "     0.0239    "         "  "  "    3.99. 

CoiHuoOn.   HiO  requires:  H2O  3.73. 

C.,Ho„0,».2HjO        "  '■    7.20. 

Analyses  of  the  vacuum-dried  (a)  and  anhydrous  (b,  c,  d) 
glucosides  are  here  given: 

(a)  0.1302  gm.:  0.2491  gm.  CO2  and  0.0537  gm.  H^O.  Found.  C  52.18, 
H4.G2. 

C2iH.,oO,j.H.jO  requires:  C  52.26,  H  4.59. 

(b)  0.1229  gm.:  0.2441  gm.COs  and  0.04S0gm.H2O.    Found.    C54.17, 

H4.38. 

(c)  0.1043  gm.:  0.20.J7  gm.  CCj  and  0.0414  gm.  H-,0.  Found.  C  53.79, 
H4.45. 

(d)  0. 1824  gm. :  0.:3623gm.  CO..  and  0.0732  gm.  H..0.    Found.     C54.16, 

H4.49. 

CciH^oO,:  requires:  C  .54.29,  H  4.34. 

Isoquercitrin  ujDon  hydrolysis  is  resolved  into  glucose  and 
quercetin  in  molecular  proportions.  Our  sample  of  corn  glucoside 
gave  upon  hydrolysis  glucose  and  quercetin.  For  the  quantitative 
determinations  anhydrous  material  was  used.  The  yield  of 
quercetin  accorded  satisfactorily  with  that  calculated  from  the 
equation : 

('•.:iH,oOr.  -I-  H2O  =  CiiHioO,  -I-  CeHuOe. 

0., 5424  gm.:  0.3521  gm.  quercetin.    Found.    Quercetin  64.91. 

0..503S     "     0.3650     "  "  "  "  64.74. 

r.iHa.iOij  require.*:  (.iucrcetiu  65. OS. 

The  aljovc  determinations  were  carried  out  l)y  hydrolyzing   the 
■  samples  (oven-dried  at  160°C.)  by  boiling  with  100  cc.  of  approx- 
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imately  4  per  cent  KSO,  for  1  hour  and  then  placing  on  a  boiling 
water  bath  for  another  hour.  The  mixture  was  cooled  over  night, 
filtered,  and  the  residue  thoroughly  washed  with  cold  water  and 
dried  to  constant  weight  at  130°C.  The  acid  filtrates  gave  posi- 
tive rotation  indicating  the  presence  of  a  dextro-rotatory  sugar. 
Excess  of  sodium  acetate  and  phenylhydrazine  was  then  added 
and  the  solution  heated  on  a  boiling  water  bath  until  a  yellow 
crystalline  osazono  separated.  This  was  recrystalhzed  from  water 
containing  5  per  cent  pyridine,  then  dissolved  in  a  small  amount 
of  pyridine  to  which  were  then  added  hot  alcohol  and  a  little  hot 
water.     The   characteristic   glucosazone,   melting  at  205-205.5°, 

crystallized  out. 

The  quercetin  obtained  from  the  glucoside  by  hydrolysis  was 
identified  V)v  all  the  usual  tests  and  by  combustions  of  both 
hydrated  (a)  and  anhydrous  (b,  dried  at  130°C.)  samples.  A 
determination  of  the  water  of  crystallization  in  a  sample  of  querce- 
tin exposed  to  the  air  for  1  month  and  the  combustion  results  are 
as  follows: 

0.6220  gm.  lost,  at  130°C.,  0.0656  gm.  H«0.    Found.    H2O  10.54. 
CisHioOv.SHsO  requires:  H2O  10.65. 

(a)  0.16.52gm.:  0.3229gm.CO.and0.0630gm.HsO.     Found.     C53.:^0, 

H4.27. 

Ci6HioO,.2H«0  requires:  C  53.24,  H  4. IS. 

(b)  0.1890  gm.:  0.4121  gm.  CO.  and  0.0580  gm.H.O.     Found.     C59.46, 

H3.43. 

CuHioO,  requires:  C  .59.59,  H  3. .34. 

Combustions  of  acetyl  quercetin,  dried  at  160°C.,  gave  the 
following  figvu-es: 

0.1301  gm.  gave  0.2794  gm.  CO;  and  0.0480  gm.  H-O.    Found.     C  58.57, 

11  4. 13.  /->  f-o    rn 

0.1277  gm.  gave  0.2744  gm.  CO,  and  0.0440  gm.  H^O.    Found.    C  58. oJ, 

H  3.86. 

C,5H507(C2H3O)6  requires:  C  58.57,  H  3.93. 

The  hydrolysis  of  the  penta-acetylquercetin  carried  out  in 
glacial  acetic  acid  by  means  of  hydrochloric 'acid  gave  the  following 
results: 

0.6408  gm.:  0.:?753gTn.  quercetin  (dried  at  i;50°C.).     Found.     Quercetin 

1.0578  gm.:  0.6204  gm.  quercetin  (dried  at  130°C.)-     Found.     Quercctm 

58.56. 

CuH507(CjHsO)b  requires:  Quercetin  58.  98. 
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SXJMMAHY   AND   CONCLUSIONS. 

1.  A  series  of  color  types  in  maize  involving  pigments  of  the 
flavonol  and  anthocyanidin  groups,  has  been  genetically  analyzed 
by  Emerson.  The  known  genetic  constitution  of  these  color 
types  makes  it  very  desirable  to  conduct  parallel  chemical  in- 
vestigation with  them,  in  order  to  understand  the  operation  of  the 
Mendelian  factors  involved. 

2.  As  a  beginning  in  this  work,  we  have  isolated  a  flavonol 
glucoside  from  brown-husked  maize,  one  member  of  Emerson's 
series  and  the  lowest  one  showing  the  presence  of  a  pigment  of  the 
groups  under  consideration.  This  glucoside  is  found  to  be  the 
same  as  Perkin's  isoquercitrin,  originally  isolated  from  cotton, 
and  probably  the  same  as  an  unnamed  glucoside  isolated  by 
Heyl  from  pollen  of  ragweed.  It  is  a  monoglucoside  yielding  only 
glucose  and  quercetin  on  hydrolysis.  The  large  yield  of  this 
glucoside  obtained  from  corn  husks  made  it  possible  to  add  to  the 
characterization  of  isoquercitrin  by  Perkin  who  had  only  a  limited 
amount  at  his  disposal.  As  a  contribution  to  the  more  accm-ate 
identification  of  such  pigments,  the  spectral  transmission  has  been 
determined  by  McNicholas  and  Frehafer  of  the  U.  S.  Bureau  of 
Standards.     Their  data  are  published  in  Fig.  2. 

3.  It  is  suggested  that  spectrophotometric  and  spectrographic 
comparison  of  the  pigments  of  the  flavones,  flavonols,  and  antho- 
cyanidins  may  possibly  afford  the  best  evidence  as  to  the  points 
of  attachment  of  the  sugar  residues  in  the  glucosides. 


CHART  FOR   THE   CONVERSION    OF    COLORIMETRIC 
READINGS  INTO  HYDROGEN  ION  CONCENTRATION. 

By  J.  F.  McCLENDON. 

{From  the  Laboratory  of  Physiological  Chemistry,  University  of  Minnesota 
Medical  School,  Minneapolis.) 

(Received  for  publication,  May  29,  1922.) 

The  most  popular  method  of  determining  hydrogen  ion  concen- 
tration by  the  use  of  indicators  has  been  the  method  of  making 
bufTer  mixtures  of  known  hydrogen  ion  concentration  and  adding 
indicators  to  them;  at  the  same  time  adding  the  same  quantity  of 
indicator  to  the  same  volume  of  the  unknown  mixture  and  noting 
the  buffer  mixture  that  matched  the  unknown  in  color.  This 
method  necessitated  knowing  two  things:  one  was  the  hydrogen 
ion  concentrations  of  the  buffer  mixtures  and  the  other  w-as  the 
difference  in  salt  error  between  the  buffer  mixture  and  the  un- 
Ivnown.  In  the  practical  working  of  the  method  other  difficulties 
arose:  (1)  errors  due  to  concentration  of  the  indicator,  since  the 
same  quantity  of  indicator  had  to  be  added  to  the  buffer  mixtm-e 
and  to  the  unknown,  and  (2)  errors  due  to  impurities  in  the 
indicator.  These  errors  were  difficult  to  avoid  when  the  buffer 
mixture  was  sealed  up  and  kept  for  a  long  time  after  the  indicator 
had  been  added.  If,  however,  the  indicator  is  added  to  the 
standard  at  the  same  time  it  is  added  to  the  unknown,  such  errors 
can  easily  be  avoided  since  the  same  sample  of  indicator  can  be 
used  in  adding  portions  to  the  unknown  and  to  standard  solutions. 
Perhaps  on  account  of  the  above  difficulties  a  number  of  persons 
have  recently  been  using  methods  based  on  the  percentage  of  the 
indicator  that  is  in  the  so  called  dissociated  condition. 

We  do  not  wish  here  to  go  into  the  theory  of  the  color  production, 
but  take  the  simple  hypothesis  of  Ostwald  that  the  free  indicator 
is  undissociated  and  the  salt  of  the  indicator  is  largely,  and  under 
certain  conditions,  100  per  cent  dissociated.  Perhaps  the  sim- 
plest application  of  this  method  is  the  use  of  indicators  which  are 
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colorless  in  the  imdissociated  condition,  such  as  phenolphthalein, 
and  compare  the  colors  in  a  Duboscq  colorimeter  as  follows: 
Equal  volumes  of  unknown  solution  and  of  distilled  water  that 
has  been  made  alkaline  are  taken,  and  to  each  of  these  the  same 
quantity  of  indicator  is  added.  In  the  alkalinc-distilled-water- 
solution  it  is  presumed  that  100  per  cent  of  the  indicator  is  dis- 
sociated or  in  the  red  condition.  This  is  tested  by  adding  more 
alkali  until  the  indicator  solution  does  not  become  any  redder. 
The  xmknown  solution  with  indicator  is  placed  in  the  left-hand 
cup  of  the  colorimeter  and  this  cup  set  at  some  known  point,  such 
as  10  mm.,  between  the  plunger  and  the  bottom  of  the  cup.  The 
alkahne  solution  of  the  indicator  is  added  to  the  right-hand  cup  and 
the  plunger  is  raised  and  lowered  until  a  color  match  is  obtained. 
The  reading  on  the  right  millimeter  scale,  if  multiplied  by  10, 
will  give  the  percentage  of  the  indicator  that  is  dissociated  in  the 
left-hand  cup.  It  remains  to  interpret  this  in  terms  of  hydrogen 
ion  concentration,  which  is  done  by  the  following  formula: 

K 


"      A-  +  [H+] 

a  is  the  degree  of  dissociation,  K  is  the  dissociation  constant,  and  [H+]  is 
the  concentration  of  hydrogen  ions. 

Such  calculations,  however,  although  they  are  done  easily 
by  many  workers,  are  only  accomplished  with  difficulty  by  others, 
and  often  the  hability  for  error  is  proportional  to  the  difficulty. 
It  therefore  seems  desirable  to  use  the  graphic  method  of  working 
out  this  formula.  Clark,  in  his  book  on  determination  of  hydro- 
gen ions,  has  drawn  the  graphs  for  a  number  of  indicators,  showing 
the  relation  of  hydrogen  ion  concentration  to  percentage  dissocia- 
tion. These  graphs  are  curves  which  are  not  easily  drawn  by 
everyone,  and,  therefore,  it  seemed  desirable  to  change  the  graph 
paper  in  such  a  way  that  the  curves  would  become  straight  Hnes. 
This  cannot  be  done  with  any  of  the  ordinary  graph  papers  in 
use,  and  when  it  is  done  the  different  regions  of  the  graph  have 
different  ratios  of  numerical  value  to  actual  dimensions,  and  some 
slight  error  may  arise  in  interpolation  between  the  lines  on  the 
graph.  Such  errors,  however,  should  be  small  and,  therefore, 
it  seemed  desirable  to  publish  the  accompanying  graph  with 
tentative   values   for   a   number   of   indicators.     The   diagonals 
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represent  the  same  functions  as  the  curves  in  the  charts  in  Clark's 
book  and  therefore  should  be  easily  understood  by  anyone  familiar 
with  h^-drogen  ion  determinations.^ 

We  add  phenolphthalein,  for  instance,  to  the  unknown  solution 
coming  within  its  range  placed  in  the  left-hand  cup  of  the  Duboscq 
colorimeter  and  to  alkaline  water  in  the  right-hand  cup.  If  the  left- 
hand  cup  is  set  at  10  mm.  and  the  right-hand  cup  adjusted  so  as  to 
obtain  a  color  match,  the  reading  on  the  right-hand  scale  multiplied 
by  10  will  give  the  percentage  dissociation  of  the  indicator  in  the 
unknown  solution.  This  percentage  dissociation  is  then  trans- 
ferred to  the  chart  and  its  Ibordinate  foUowing  to  diagonal  for 
phenolphthalein.  The  point  of  intersection  will  give  on  the 
abscissa  the  pH  value  (or  logarithm  of  the  reciprocal  of  the  hydro- 
gen ion  concentration).  The  same  principle  can  be  used  with 
thymolphthalein,  a-naphtholphthalein,  and  related  indicators. 
In  case  of  the  sulfonic  acid  compounds  of  these  indicators  the 
Duboscq  colorimeter,  as  ordinarily  used,  will  read  with  difficulty, 
owing  to  the  fact  (with  phenol  red,  for  instance)  that  the  unknown 
solution  in  the  left-hand  cup  wiU  show  orange,  which  is  a  mixture 
of  red  and  yellow,  whereas  the  right-hand  cup  wiU  show  only 
different  intensities  of  red  as  the  cup  is  moved  up  or  down.  The 
eye  cannot  evaluate  the  red  in  the  orange  without  the  use  of  a 
color  screen  wliich  would  absorb  the  yeUow.  The  color  screen 
would  be  placed  between  the  eye  and  the  eyepiece  of  the  color- 
imeter. 

Another  method  would  be  to  use  a  color  screen  absorbmg  the 
red  or  to  use  monochromatic  light  in  illuminating  the  apparatus. 
Suppose  we  use  sodium  light.  This  would  pass  tln-ough  the  yel- 
low solution  and  yet  it  would  be  absorbed  by  the  red  and  hence 
the  red  alone  or  the  red  element  in  the  orange  would  appear  dark 
and  a  matching  of  the  two  sides  would  be  a  matching  of  the 
intensity  of  monochromatic  hght. 

1  See  Clark,  W.  M.,  The  determination  of  hydrogen  ions,  Baltimore, 
1920.    The   equation   on  which  the   chart   is   based    is    No.   7,  p.   20: 

pH  =  log^=logi+log^-^^. 
Values  of  log  — ^—  are  given  on  p.  306. 
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A  simple  method  of  matching  these  sulfonic  acid  dyes,  such 
as  phenol  red,  has  been  used  by  Barnett  and  Barnetf-  and  fully 
described  by  them.  The  principle  of  this  is  a  rectangular  trough 
of  glass,  divided  diagonallj-  by  a  vertical  sheet  of  glass  into  two 
compartments.  The  equal  volumes,  say  100  cc.  of  unknown  and 
of  two  distilled  water  solutions,  are  carefully  measm-ed  out  and 
the  same  quantity  of  indicator  added  to  each.  One  of  these  dis- 
tilled water  solutions  is  made  acid  until  the  indicator  is  all  in  the 
yellow  form  and  the  other  made  alkahne  until  the  indicator  is 
all  in  the  red  form  and  the  yellow  solution  is  added  to  one  com- 
partment and  the  red  to  the  other.  If  we  then  look  through  the 
trough  in  the  horizontal  direction,  the  color  shades  from  yellow 
at  one  end  through  various  shades  of  orange  to  red  at  the  other 
end.  In  another  rectangular  trough,  made  the  same  thickness 
as  this  one,  the  unknown  is  placed.  The  unknown  is  then  moved 
back  and  forth  above  the  former  and  matched  with  some  portion 
of  the  long  trough.  This  point  of  matching  is  then  measured  in 
percentage  of  the  total  length,  beginning  at  the  yellow  end;  that 
is  to  say,  the  percentage  red  is  determined  in  this  way.  With 
this  value  of  percentage  red  (percentage  dissociation)  we  may  use 
Chart  1  as  we  did  with  phenolphthalein. 

Victor  Myers'  has  demonstrated  a  double-wedged  colorimeter 
built  on  the  same  principles  as  this  simple  trough  and  the  values 
obtained  with  it  may  be  converted  into  pH  values  by  Chart  1. 

Another  apparatus  that  has  been  used  is  a  Duboscq  colorimeter 
with  two  cups  on  the  right-hand  side,  one  movable  and  working 
inside  the  other.  This  has  been  described  with  detailed  instructions 
as  to  its  use.''  One  of  these  instruments  was  made  under  the  direc- 
tion of  E.  P.  Lyon  and  used  considerably,  the  values  being  inter- 
preted by  means  of  Chart  1  and  compared  with  values  obtained  by 
the  use  of  buffer  solutions.  The  method  is  simply  the  placing  of  the 
unlviiown  in  the  left-hand  cup  (colored  with  phenol  red,  for  in- 
stance) and  taking  the  red  solution  out  of  Barnett's  apparatus 
and  placing  it  in  the  inner  cup  and  the  yellow  solution  out  of 
Barnett's  apparatus  and  placing  it  in  the  outer  cup.     The  outer 

2  Barnett,  G.  D.,  and  Barnett,  C.  \V.,  Proc.  Soc.  Exp.  Biol,  and  Med., 
1920-21,  xviii,  127. 

'Myers,  V.  C,  J.  Biol.  Chem.,  1922,  1,  p.  xxii. 
*  Gillespie,  L.  J.,  ./.  Bad.,  1921,  vi,  399. 
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cup  and  the  plunger  are  fixed  and  only  the  inner  cup  is  movable. 
The  scale  on  the  right-hand  side  measures  in  millimeters,  but 
applies  to  the  movement  of  the  inner  cup  only.  The  outer  cup  is 
fixed  the  same  distance  from  the  plunger  as  the  left-hand  cup, 
namely  10  mm.  in  this  case.  The  unlaiown  will  show  an  orange 
color.  By  moving  the  inner  cup  up  and  down  an  exact  color 
match  will  be  obtained.  When  the  cup  moves  upward  the  red 
is  decreased  and  the  yellow  increased  and  when  it  is  moved  down- 
ward the  red  is  increased  and  the  yellow  decreased. 

The  chief  value  of  Chart  1  probably  rests  in  the  ease  with  which 
new  data  may  be  added  to  it.  For  instance,  let  us  suppose  that 
we  have  an  indicator  that  is  not  on  the  chart.  We  first  deter- 
mine its  dissociation  constant  (K).  If  we  take  the  logarithm  of 
the  reciprocal  of  the  dissociation  constant  and  find  its  numerical 
value  on  the  pH  scale  and  make  a  mark  where  it  crosses  the  50 
per  cent  coordinate,  and  draw  through  this  point  of  intersection 
a  diagonal  line  parallel  to  the  diagonals  on  the  chart,  we  will 
have  a  "curve"  for  converting  values  obtained  with  this  indicator 
into  pH  values  as  has  been  described.  Some  samples  of  indicator 
may  show  dissociation  constants  different  from  those  of  other 
samples  and  new  diagonal  lines  for  these  new  samples  may  be 
made  in  this  same  manner.  Also  the  presence  of  neutral  salts  may 
change  the  dissociation  constant  of  an  indicator  and  in  this  way  a 
new  diagonal  for  a  different  salt  concentration  may  be  drawn.  It 
is  not  even  necessary  to  know  the  dissociation  constant.  If  we 
can  determine  the  dissociation  at  any  pH  value  and  fix  this  point 
on  the  chart  and  draw  a  diagonal  through  this  point  parallel  to 
the  diagonals,  we  have  the  values  for  the  new  indicator  or  for 
any  indicator  under  new  conditions. 

The  different  regions  of  the  chart  are  not  of  the  same  sensitive- 
ness so  far  as  the  detecting  of  the  color  change  is  concerned.  The 
eye  is  subject  to  Weber's  law,  that  is  to  say,  the  eye  detects  a 
percentage  change  in  a  color,  and  the  absolute  change  it  can  de- 
tect is  less  the  greater  the  intensity  of  the  color.  For  this  reason 
the  portion  of  the  chart  showing  less  than  50  per  cent  dissociation 
is  more  sensitive  than  that  showing  more  than  50  per  cent.  In 
case  of  methyl  red,  however,  the  reciprocal  of  the  dissociation 
was  used  in  drawing  its  curve  in  order  to  obtain  the  same  slope  of 
the  curve  as  in  the  case  of  acid  dyes.     This  will  lead  to  no  error 
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in  practical  application  since  the  same  conventions  in  the  acid 
and  alkaline  solutions  of  the  dye  will  be  used,  but  the  portion  of 
the  chart  that  is  marked  for  more  than  50  per  cent  dissociation 
would  be  the  most  sensitive  region  for  methyl  red. 

Note  Added  to  Proof  .—According  to  Michaelis  and  Gyemant,^  the  curve 
for  phenolphthalein  is  not  quite  a  straight  line  as  in  the  chart.  Their 
figures  for  100  a  and  pH  are  as  follows:  10,  S.95;  20,  0.20;  30.  9.3.5;  40,  9.50; 
50,  9.70;  60,  9.90;  70,  10.10;  SO,  10.30.  They  also  add  the  following  useful 
indicators  with  the  pll  at  a  =  50  per  cent;  2,6-dinitrophenol,  3.69;  2,4- 
dinitrophenol,  4.06;  p-nitroplienol,  7.18;  m-nitrophenol,  8.35.  They  made 
these  determinations  at  18°  and  they  found  that  rise  in  temperature  moves 
the  figures  to  the  acid  side;  that  is  to  say,  the  values  for  pH  decrease 
slightly. 

^Michaelis,  L.,  and  Gj'emant,  A.,  Biochem.  Z.,  1920,  cix,  165. 
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HILGER  SPECTROPHOTOMETER 

THE  TE^T 
IN  OUR  STOCK  FOR  IMMEDIATE  SHIPMENT 

OF  SERVICE 


Xo.  9090.  Hilger  ^Spectrophotometer,  complete  outfit 
SPECTROPHOTOMETER,  Hilger,  consisting  of  Wavelength  Spectrometer,  Constant 
Deviation  Tyiie  and  Xutting  Photometer,  as  shown  in  illustration.  The  two  beams  of  light 
from  the  light  source  are  made  parallel  by  the  device  sho^Yn  on  tripod  support  at  extreme  right. 
In  measuring  the  absoi-ption  of  a  solution  the  paraUel  beams  pass  the  one  through  the  tube  con- 
taining the  liquid,  the  other  through  a  companion  tube  contaming  preferably  the  liquid  used  as 
solvent  for  the  substance  under  test.  The  two  beams  then  enter  the  photometer  which  projects 
upon  the  slit  of  the  spectrometer  a  tripartite  field,  of  which  the  outer  two  are  illuminated  by  the 
light  which  has  suffered  absorption  bv  the  liquid  under  test,  the  other  bemg  reduced  i"  iatf°- 
sity  by  rotation  of  the  divided  circle.  On  obserx^ation  of  the  resulting  spectrum  formed  by  the 
spectrometer  one  accordingly  sees  a  spectrum  divided  into  three  horizontal  strips  in_  close 
juxtaposition,  of  which  the  tip  and  bottom  strips  are  reduced  in  intensity  by  the  absorption  ot 
the  liquid,  and  the  middle  one  by  the  rotation  of  the  divided  circle.  .Attention  being  directed 
to  a  particular  wavelength  of  the  spectrum  (preferably  by  isolating  it  with  a  shutter  eyepiece) 
the  three  parts  of  the  spectrum  are  made  to  match  in  intensity,  and  the  reading  on  the  divided 
circle  (divided  by  the  length  of  the  tube  of  liquid  in  centimeters)  gives  the  extinction  coefficient 
of  the  liquid  for  the  wavelength  in  question.  ,        i  »         » 

The  scale  of  the  divided  circle,  and  the  measuring  drum  of  the  wavelength  spectrometer, 
can  be  conveniently  read  by  the  observer  without  quitting  the  eyepiece  by  means  of  a  readmg 
lens  attached  to  the  photometer  for  the  purpose. 

0090.     Spectrophotometer,  Hilger,  as  above  described,  consisting  of  Hilger  •\\avelength  Spec- 
tromcter.  Constant  Deviation  tj^e-  Nutting  Photometer,  Adjustable  Stand,  and  two 

100-mm  Tubes 10^°-*5 

The  comjioncnts  of  the  above  outfit  are  sold  separately  as  follows: — 
9066.     Wavelength  Spectrometer,  Hilger  Constant  Deviation  T>-pe,   with  prism  of   1.74 
refractive  index  for  D,  the  calibration  being  from  390/iM  to  SUO^m ■  •  iis^-'^s 

9084.  Nutting  Photometer,  Hilger,  with  levelling  screws  and  beam  parallelizing  device    534.60 

9085.  Raising  and  Lowering  Stand,  for  tubes *  -"^ 

9086.  Tube,  100  mm  long,  with  screw  cap  ends : 

The  above  prices  apply  only  to  stock  now  on  hand  and  are  subject  to  change 
without  notice.     Prices  on  new  importations  will  be  considerably  higher. 
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STUDIES  ON  ENZYME  ACTION. 

XXI.  BANANA  GEL  AND  BANANA  SUCRASE. 

By  K.  GEORGE  FALK  and  GRACE  McGUIRE. 

{From   the  Harriman  Research  Laboratory,    The  Roosevelt  Hospital, 

New  York.) 

(Received  for  publication,  October  11,  1922.) 
INTRODUCTION. 

Some  of  the  properties  of  the  sucrolytic  enzyme  obtained  from 
bananas  were  described  in  a  previous  paper. ^  The  conditions 
for  action,  the  occurrence  of  soluble  and  insoluble  forms,  and  a 
transformation  of  the  former  into  the  latter,  were  discussed.  In 
a  subsequent  paper,-  the  properties  of  banana  gels,  their  forma- 
tion, and  conditions  of  relative  stability,  were  described  without, 
however,  considering  the  accompanying  enzyme  actions. 

In  this  paper  the  properties  of  the  banana  gels  will  be  consid- 
ered more  fully,  especially  in  connection  with  the  sucrase  actions 
of  the  preparations.  The  topics  studied  may  be  grouped  as 
follows:  (a)  Relation  between  gel  formation  and  sucrase  content 
of  gel  with  sodium  chloride  extracts  of  banana  pulp;  (6)  similar 
studies  comparing  sodium  chloride,  sodium  nitrate,  sodium  sul- 
fate, and  magnesium  sulfate  extracts;  (c)  sucrase  contents  of  gel 
and  solution,  with  gel  prepared  by  the  action  of  pancreatin  on 
banana  pulp  extract;  and  (d)  separation  of  gel  and  sucrase  sub- 
stances by  various  treatments. 

EXPERIMENTAL    METHODS    AND    RESULTS. 

The  method  of  obtaining  banana  extracts  was  similar  to  tluit 
described  previously ^  and  is  briefly  as  follows:  Ripe  bananas 
were  peeled,  the  pulp  was  passed  through  a  food  chopper,  the  finest 
cutter  being  used,  mixed  thoroughly  with  the  extracting   solu- 

1  Falk,  K.  G.,  and  INlcGuire,  G.,  J.  Gen.  Physiol.,  1920-21,  iii,  595. 
=  McGuire,  G.,  and  Falk,  K.  G.,  ./.  Gen.  Physiol.,  1921-22,  iv,  437. 
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tion,  and  after  standing  a  definite  length  of  time  (45  minutes  as 
a  rule) ,  poured  on  a  large  folded  filter  on  ribbed  funnels.  Fil- 
tration proceeded  slowly  and  the  filtrate  was  collected  for  about 
18  hours.  Longer  time  and  filtration  through  fresh  filter  papers 
gave  very  little  additional  filtrate.  Toluene  was  added  to  the 
pulp  mixture  when  it  was  put  on  the  filter  and  to  the  filtrate.  It 
was  not  added  to  and  mixed  with  the  pulp  before  filtration  be- 
cause of  its  possible  precipitating,  coagulating,  or  other  action. 
The  activity  of  preparations  was  tested  in  a  manner  similar  to 
that  already  described.  The  enzyme  preparation  was  incubated 
at  37.5°  for  3  to  24  hours,  diluted,  and  the  reducing  substances 
were  determined  by  the  reduction  of  FehUng's  solution.^ 

The  results  obtained  in  extracting  the  same  quantity  of  pulp 
with  different  quantities  and  concentrations  of  sodium  chloride 
sohition  as  contrasted  with  water  extraction  and  with  no  added 
liquid,  are  given  in  Table  I. 

The  results  with  the  sodium  cldoride  extractions  given  m 
Table  I  were  obtained  with  two  different  batches  of  bananas, 
Series  A  and  B.  The  results  with  the  different  batches  are  not 
strictly  comparable  because  of  the  variations  to  be  found  in  the 
compositions,  etc.,  of  different  bananas,  but  the  general  relations 
are  always  the  same.  The  conclusions  to  be  drawn  from  these 
results  are  as  follows: 

1.  Gel  formation  decreased  with  increase  in  sodium  chloride 
concentration  of  the  extracting  liquids  (confirming  former  results). 

2.  The  sucrase  actions  of  the  extracts  (as  shown  by  the  activities 
of  the  gels)  increased  with  the  presence  of  sodium  chloride  in 
the  extracting  liquids.  A  very  large  increase  in  the  amount  of 
extracting  liquid  (sodium  chloride  solution)  showed  a  decrease 
in  sucrase  concentration  although  an  increase  in  total  sucrase 

pxtr£Lct.Gcl  • 

3.  The  volumes  of  liquid  retained  by  the  pulp  varied  with 
the  different  batches.  With  a  certain  addition  of  extracting  liquid 
water  or  solution  derived  from  the  pulp  was  given  up  and  appeared 
in  the  filtrate;  with  a  greater  addition,  water  or  solution  was  re- 
tained b^•  the  pulp.  The  amount  of  liquid  retained  by  the  pulp 
in  any  one  series  appeared  to  be  independent  of  the  presence  or 

»  Sherman,  H.  C,  Kendall,  E.  C,  and  Clark,  E.  D.,  J.  Am.  Chem.  Soc, 
1910,  xxxii,  108.3. 
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absence  of  sodium  chloride  in  the  extracting  liquid  (also  shown 
by  experiments  not  quoted  in  the  table). 

4.  On  dialysis  against  tap  water  of  the  pulp  filtrates,  the  smaller 
•the  amounts  of  added  extracting  liquids,  the  greater  the  relative 
increase  in  volume.  The  gel-forming  property  of  the  pulp  fil- 
trates on  dialysis  was  greater,  the  smaller  the  amounts  of  added 
extracting  liquids. 

The  presence  of  calcium  salts  in  the  sodium  chloride  in  experi- 
ments similar  to  those  of  Table  I,  Series  B,  with  the  same  batch 
of  bananas  showed  gel  formation  with  the  undialyzed  extract 
with  a  smaller  concentration  of  added  calcium  salt  (and  suitable 
alkali)  than  in  the  extraction  with  pure  sodium  chloride  solution, 
while  the  gel  formation  upon  dialysis  against  tap  water  and  the 
solubility  of  the  sucrase  were  the  same  in  the  two  cases. 

The  filtrates  from  the  gels  shown  in  Table  I  in  almost  all  the 
experiments  contained  no  sucrose.  In  a  few  isolated  experiments, 
on  prolonged  incubation  with  sucrose,  a  trace  of  activity  was 

observed. 

The  results  obtained  in  the  extraction  of  gel-forming  substance 
and  of  sucrase  substance  by  solutions  of  various  salts  of  different 
concentrations  including  sodium  chloride,  sodium  nitrate,  sodium 
sulfate,  and  magnesium  sulfate  are  given  in  Table  II.     A  1:2 
ratio  of  cc.  of  extracting  liquid  to  gm.  of  pulp  was  used  in  each 
case.     Each  experiment  of  Series  A,  B,  C,  and  D,  was  carried 
out  with  one  batch  of  bananas  and  different  concentrations  of  a 
salt,  while  Series  E  compared  a  number  of  different  salts  at  their 
most  satisfactory  concentrations  for  sucrase  extraction  on  the 
pulp  from  the  same  batch  of  bananas.     The  extracts  were  dialyzed 
against  tap  water  for  18  hours  and  then  tested  for  sucrase  action 
and  for  gel  formation  with  calcium  chloride  solution  and  ammon- 
ium hydroxide  to  bring  the  mixtures  to  pH  7.0.     With  the  ex- 
ception of  1.2  M  magnesium  sulfate  extract,  the  gel  was  just 
beginning  to  form,  or  had  formed  only  to  a  very  small  extent 
after  18  hours  dialysis,  and  did  not  prevent  the  formation  of  a 
comparative  gelling  series  upon  the  addition  of  calcium  salt  and 
alkali.     The  extracting  solutions  and  filtrates  were  all  at  pH  5.0. 
The  conclusions  which  may  be  drawn  from  the  results  given 
in  Table  II  are  as  follows: 
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1.  Increase  in  concentration  of  the  salt  decreased  the  amount 
of  gel-forming  substance  extracted  in  the  sodium  chloride  and 
sodium  nitrate  series,  and  in  the  magnesium  sulfate  series  in  the 
more  concentrated  solutions.  Very  little  difference  in  this  property 
was  observed  in  the  sodium  sulfate  scries,  possibly  because  of 
the  batch  of  bananas  used  as  shown  by  the  gel  from  the  water 
extract. 

2.  Salt  solutions  extracted  more  sucrase  than  did  the  water 
alone,  (a)  With  sodium  chloride,  increase  in  the  concentration 
of  salt  increased  the  amount  of  sucrase  extracted  with  a  possible 
maximum  concentration  between  1  and  2  m.  (b)  With  sodium 
nitrate,  a  maximum  sucrase  extraction  was  obtained  at  about 
0.24  M,  higher  salt  concentrations  not  increasing  the  amount  of 
sucrase.  (c)  With  sodium  sulfate,  a  similar  maximum  was  ob- 
tained at  0.12  M.  (f/)  With  magnesium  sulfate,  a  similar  maximum 
was  obtained  at  0.24  m.  (c)  With  different  salts  at  their  maximum 
sucrase  extraction  actions,  the  concentrations  of  sucrase  extracted 
from  the  same  pulp  differed  only  to  minor  extents. 

3.  No  regularity  exists  between  the  amounts  of  the  filtrates,  or 
amounts  of  liquid  held  back  or  retained  bj'  the  pulp,  and  the 
concentration  of  salt,  except  for  the  case  of  sodium  nitrate,  where 
more  liquid  was  held  back  by  the  pulp  with  increase  in  concentra- 
tion of  the  sodium  nitrate. 

4.  On  dialysis  against  tap  water  in  collodion  bags  for  IS  hours, 
the  increases  in  the  volumes  of  all  the  filtrates  were  of  the  same 
order  of  magnitude  and  independent  of  the  salts  and  their  con- 
centrations in  the  filtrates. 

As  in  the  results  shown  in  Table  I,  the  filtrates  from  the  gels 
showed  no  sucrase  activitj-. 

If  the  banana  pulp  filtrates  as  originally  obtained  were  boiled 
for  a  few  minutes,  no  gels  were  obtained  either  on  dialysis  or  on 
treatment  with  calcium  salts  in  alkaline  solutions.  Boiling  also 
destroyed  the  sucrase  actions  of  the  extracts. 

The  experimental  data  relative  to  the  formation  of  gel  from 
banana  pulp  extracts  by  the  action  of  a  pancreatin  preparation 
(U.  S.  P.  VIII  Revision)  on  incubation  at  37°  at  pH  5.0,  and  the 
distribution  of  the  sucrase  between  the  gel  formed  in  this  way 
and  the  liquid  are  given  in  Table  III.  These  experiments  were 
planned   originally   for   an   entirely   different   purpose.     It   was 
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thought  that  the  action  of  the  pancrcatin  enzymes  might  result 
in  the  decomposition  of  the  substances  which  formed  gels  with 
calcium  salts  and  in  this  way  possibly  throw  light  on  the  chemi- 
cal nature  of  these  substances.  In  place  of  destroying  the  gel- 
forming  substances  in  the  banana  extracts,  the  pancreatin  itself 
caused  the  formation  of  a  gel.  The  conclusions  from  the  results 
shown  in  Table  III  are  as  follows: 

1.  The  filtrates  from  the  gels  showed  marked  sucrase  activities. 
Longer  times  of  incubation  were  found  to  diminish  these  activities, 
perhaps  because  of  the  higher  temperature  of  incubation  (results 
not  shown  in  the  table) . 

2.  The  filtrates  from  the  gels  on  treatment  with  calcium  salts 
at  pH  7.0  or  more  alkaline  conditions  did  not  form  any  gels  but 
only  cloudy  solutions  with  slight  precipitates. 

3.  Gel  formation  occurred  at  pH  5.0  on  incubation  of  the 
banana  pulp  filtrates  with  pancreatin  at  37°.  Different  salt 
extracts  formed  gels  in  different  lengths  of  time.  Sodium  sul- 
fate extracts  formed  gel  more  slowly  than  did  the  aqueous  ex- 
tracts or  the  sodium  chloride  or  sodium  nitrate  extracts.  None 
of  the  extracts  was  dialyzed  before  incubation. 

4.  If  the  banana  pulp  filtrates  as  originally  obtained  were 
boiled  for  a  few  minutes,  subsequent  incubation  with  pancreatin 
did  not  result  in  the  formation  of  gels. 

3  days  treatment  of  a  sodium  chloride  extract  at  5°  with  pan- 
creatin did  not  result  in  the  formation  of  a  gel.  Boiled  pancreatin 
solution  incubated  with  banana  pulp  filtrates  at  37°  did  not  form 
gels. 

The  pancreatin  preparation  showed  no  sucrase  action. 

No  attempt  was  made  to  measure  the  sucrase  content  of  the 
pancreatin  gel  because  of  sucrase  present  in  the  bathing  liquid. 

An  experiment  was  carried  out  with  a  sodium  chloride  (0.25  m) 
extraction  of  banana  pulp  at  pH  3.5  (hydrochloric  acid  added  to 
bring  about  this  reaction).  The  filtrate  on  standing  at  room 
temperature  showed  the  separation  of  a  gel  after  6  days.  This 
gel  gave  marked  sucrase  action  while  the  filtrate  from  it  gave 
none. 

The  results  obtained  in  the  conversion  of  the  "insoluble"  form 
of  sucrase  (in  the  calcium  gel)  into  a  soluble  form  are  given  in 
Table  IV. 
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TABLE  IV. 
Distribution  of  Sucrase  in  Gels  and  Filtrates  after  Various  Treatments. 


Experi- 
ment 
No. 


Salt  used  and  treatment  of  extract. 


Part  tested. 


Activity 
calculated  to  I 
cc.  undialyzed 

extract. 


Series  I.  Sodium  sulfate  extract. 


Gel  mixture  formed  by  dialyzing  27  hrs. 
against  tap  water. 


27  hr.  tap  water  gel  from  Experiment  1, 
dialyzed  4  days  against  distilled 
water.    Filtered  through  paper. 

Unfiltered  distilled  water  mixture  from 
Experiment  2,  centrifuged  in  Sharpies 
supercentrifuge  at  .35,000  e.p.m.  for 
7  min.    Filtered  through  paper. 

Gel  mixture  formed  by  dialyzing  48  hrs. 
against  tap  water. 

48  hr.  tap  water  gel  from  Experiment  4, 
dialyzed  4  days  against  distilled 
water.    Filtered  through  paper. 


Mixture. 
Filtrate. 
Gel. 

Filtrate. 


Filtrate. 


Mixture. 


Filtrate. 


Series  II.  Magnesium  sulfate  extract. 


Gel  mixture  formed  by  dialyzing  27  hrs. 
against  tap  water. 

27  hr.  tap  water  gel  mixture  from  Ex- 
periment 6,  dialyzed  4  days  against 
distilled  water.  Filtered  through 
paper. 


Mixture. 
Filtrate. 
Gel. 

Filtrate. 


mg.  CuzO 

510 

0 

.340 

260 


370 


500 


200 


350 

0 

340 

200 


The  conclusions  from  the  results  in  Table  IV  are  as  follows: 
1.  Tap  water  or  calcium  gel  upon  filtration  through  paper  gave 
a  water-clear,  colorless,  inactive  filtrate  and  an  active  light  brown 
gel. 
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2.  Tap  water  or  calcium  gel  dialyzed  against  distilled  water 
lost  its  gel-like  form  and  upon  filtration  througli  paper  gave  a 
slightly  cloudy,  active  filtrate. 

3.  Centrifuging  the  unfiltered  active  liquid  from  Experiment  2 
at  35,000  R.p.M.  for  7  minutes  threw  out  a  ver>'  small  amount  of 
solid  matter  and  upon  filtration  through  paper  gave  a  more  active 
filtrate.  Presumably,  the  fine  particles  thrown  out  in  the  Sharpies 
supercentrifuge  tended  to  clog  the  paper  filter  and  hold  back  some 
of  the  activity  present  in  colloidal  form. 

The  results  in  the  table  refer  to  several  of  the  experiments  with 
sodium  sulfate  and  magnesimn  sulfate  extracts.  Similar  results 
were  obtained  with  sodium  chloride  and  sodium  nitrate  extracts. 
Because  of  the  small  activity  of  the  aqueous  extracts,  the  gels 
formed  from  these  were  not  tested  in  this  way,  although  they 
were  found  to  be  destroyed  by  similar  dialysis. 

Numerous  other  attempts  to  convert  the  insoluble  into  the 
soluble  form  were  unsuccessful. 

DISCUSSION. 

The  work  described  in  this  paper  was  carried  out  with  the 
primarj'  intention  of  studying  the  properties  of  the  enzjTne  su- 
crase  in  so  far  as  these  involve  the  possibility  of  separation  from 
insoluble  material,  and  the  relation  of  the  soluble  to  the  insoluble 
enzyme.  In  the  course  of  this  investigation  it  was  necessary  to 
enter  into  the  question  of  gel  formation,  etc.,  to  a  certain  extent. 

The  first  important  conclusion  is  that  the  gel-forming  property 
and  the  sucrase  property  of  the  banana  are  due  to  different  sub- 
stances. This  is  shown  in  the  first  place  by  the  greater  solubihty 
of  the  gel-forming  substance  in  water  and  of  the  sucrase  substance 
in  salt  solution.  Both  properties  are,  however,  destroyed  by 
boiling  their  solutions. 

The  gel  formation  was  brought  about  bj^  dialysis  against  tap 
water  (of  a  certain  calcium  salt  content  and  alkahnity)  by  treat- 
ment with  calcium  salt  and  alkali,  and  by  incubation  with  a 
pancrcatin  preparation.  In  order  to  study  the  sucrase  actions, 
the  second  method  of  gel  formation  could  not  be  used,  because 
the  alkali  inactivated  the  sucrase  to  a  considerable  extent.  In  the 
first  method,  presumablj-  the  alkali  penetrated  the  collodion  bag 
very  slowlj',  the  gel  forming  first  along  the  inner  wall  of  the  bag,  in 
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this  way  causing  only  slight  inactivation  of  the  enzyme.  The 
calcium  gel  could  be  destroyed  without  simultaneous  inactiva- 
tion of  the  accompanying  sucrase  by  dialysis  against  distilled 
water.  Attempts  to  remove  the  calcium  by  precipitation  would 
involve  the  use  of  alkali,  and  were,  therefore,  ruled  out. 

The  calcium  gels  contained  all  the  sucrase  present  originally, 
the  pancreatin  gels  only  a  part  or  none.  Although  the  properties 
of  the  calcium  and  pancreatin  gels  may  be  different,  they  involve 
the  same  substance  or  substances,  since  the  filtrate  from  each 
gave  no  gel  by  the  other  treatment.  The  formation  of  a  gel  by 
the  action  of  pancreatin  on  banana  extract  is  of  special  interest 
in  view  of  the  work  of  Willstatter  and  Racke*  who  treated  yeast 
cells  by  different  methods,  including  the  actions  of  enzynics,  to 
bring  the  yeast  sucrase  into  solution.  It  may  be  pointed  out 
that  the  gel  formation  in  the  present  instance  appeared  to  be 
connected  with  the  presence  of  an  amylolytic  or  similar  enzyme 
and  not  with  the  proteoh^tic  action,  since  the  use  of  papain  in 
place  of  pancreatin  did  not  produce  a  gel. 

The  molecular  aggregates  or  micellae  which  form  the  gel  include 
within  themselves  the  whole  of  the  sucrase  present  when  the  gel 
was  formed  by  the  addition  of  calcium  salt  and  suitable  alkalinity, 
but  only  a  portion  or  none  of  the  sucrase  when  the  gel  was  formed 
by  the  action  of  pancreatin.  The  properties  of  the  gels  should 
be  explainable  upon  the  basis  of  the  principles  developed  by 
Loeb,  Proctor,  and  Wilson.''  A  practical  difficulty  in  the  present 
connection  lies  in  the  fact  that  the  gels  olDtained  did  not  consist 
of  one  substance,  or  one  group  of  substances.  In  the  neighbor- 
hood of  25  per  cent  of  the  solid  matter  of  the  gel  was  protein  in 
character,  while  the  remainder  consisted  essentially  of  complex 
carbohydrate  material.  Also,  in  view  of  the  problem  studied, 
the  hydrogen  ion  concentrations  were  not  varied  over  wide  ranges 
because  of  the  possible  inactivating  effects  on  the  sucrase.  At 
the  same  time,  some  of  the  results  are  of  interest  in  the  general 
study  of  gel  behavior. 

The  retention  of  water  by  the  gels  on  filtering  through  paper 
(as  measured  by  the  volumes  of  the  filtrates)  may  be  taken  as  a 
rough  measure  of  the  swelling  properties  of  the  gels.     Because 

*  Cf.  Willstatter,  R.,  and  Racke,  F.,  Ann.  Chan.,  1922,  cd.xxvii,  111. 
s  Summarized  by  Loeb,  J.,  Proteins  and  the  theory  of  colloidal  behavior, 
New  York,  1922. 
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of  the  unsatisfactory  nature  and  the  complexity  of  the  substances 
pves^ent  in  the  original  banana  pvilp,  the  volumes  of  the  filtrates 
obtained  in  its  extraction  with  different  concentrations  of  various 
salts  gave  in  the  main  irregular  results  and  are  not  useful  in  the 
present  connection.  These  filtrates  (at  pH  5.0)  on  dialysis  in 
collodion  bags  against  tap  water  (pH  7.0  with  a  certain  calcium 
salt  content)  showed  very  nearly  the  same  increases  in  volumes 
independent  of  the  specific  salt  and  its  concentration  which  was 
vised  in  the  extraction.  The  volumes  of  the  gels  formed  depended 
upon  the  concentration  of  the  gel-forming  substance  extracted 
from  the  banana  pulp  by  the  solution  in  ciuestion.  The  results 
showed  that  the  sucrase  substance  as  such  played  no  part  in  the 
swelling.  Unquestionably,  if  comparable  conditions  of  dialysis 
were  used,  it  would  be  found  that  the  Donnan  eciuilibrium  played 
an  important  part  in  the  retention  of  water  by  the  gels,^  although 
as  Loeb  pointed  out,  other  forces  may  also  be  involved  in  such 
an  action.'  This  question,  however,  was  not  studied  further 
in  the  present  connection. 

The  conditions  for  the  change  of  the  sucrase  from  the  insoluble 
to  the  soluble  state  and  vice  versa  are  of  main  interest  in  the  present 
connection.  Sucrase  from  various  sources  has  been  found,  as 
a  rule,  to  be  .soluble  in  water.  An  exception,  however,  was  de- 
scribed some  years  ago  by  Vinson,^  who  showed  that  the  sucrase 
of  the  green  date  was  insoluble  and  that  of  the  ripe  date  soluble 
in  water. 

These  results  show  the  reciprocal  changes  of  the  soluble  and 
insoluble  forms  of  sucrase  by  simple  treatments  and  involving 
in  the  main  the  substances  present  in  the  material  from  which 
the  enzyme  was  originally  obtained.  Similar  changes  have  been 
shown  to  occur  when  certain  insoluble  colloids  such  as  aluminum 
hydroxide,  charcoal,  fullers'  earth,  etc.,  were  added  to  soluble 
sucrase  preparations  and  found  to  remove  the  sucrase  from 
solution  completely  under  certain  conditions,  and  upon  the  addi- 
tion of  certain  substances  (phosphate  or  citrate  mixtures  contain- 
ing sucrase,  etc.)  to  return  the  sucrase  to  the  solution.'     In  a  sense 

«  Loeb,s  Chapter  XI. 

'  Loeb,6  p.  IM. 

»  Vinson,  A.  E.,  /.  Am.  Chem.  Soc,  1908,  xxx,  100.5. 

'  Griffin,  E.  G.,  and  Nelson,  J.  U.,  J.  .Un.  Chem.  Soc,  191G,  xxxviii,  722. 
Nelson,  J.  M.,  and  Hitchcock,  D.  I.,  /.  Am.  Chem.  Soc.,  1921,  xhii,  1056.. 
Willstiitter,  H.,  and  Kuhn,  R.,  Z.  physiol.  Chem.,  1921,  ex^•i,  53.    And  others. 
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these  changes  may  be  looked  upon  as  changes  in  sohibihty  of 
definite  substances  (whose  exact  chemical  nature  is  unknown  at 
present)  brought  about  by  combination  with  substances  whose 
chemical  natures  in  some  instances  are  known. 

This  discussion  leads  to  the  conclusion  that  a  definite  enzyme 
property  is  not  a  soluble  molecule  or  an  insoluble  molecule  as 
such.     The  evidence  indicates  that,  in  the  present  case,  the  su- 
crase property  on  the  one  hand  may  be  connected  with,  or  a  part 
of,  a  water-soluble  molecule  (or  soluble  in  solutions  containing 
various  salts)  and  on  the  other  hand,  as  the  result  of  comparatively 
simple  chemical  treatments,  changed  so  that  it  is  connected  with, 
or  a  part  of,  an  insoluble  compound.     If  the  hydrogen  ion  con- 
centrations for  optimum  actions  are  the  same  for  soluble  and 
insoluble    enzyme    preparations    (either    existing    naturally,    or 
prepared  as  such  in  vitro),  then  the  conclusion  is  permissible  that 
the  enzymically  active  parts  are  identical.     The  hydrogen  ion 
concentration  optima  are  the  properties  most  readily  measured 
quantitatively  and  are  therefore  most  frequently  used,  but  other 
chemical  properties,  such  as  actions  upon  different  simple  sub- 
strates, are  desirable.    The  simplest  chemical  interpretation   is 
that  the  enzyme  action  is  due  to  certain  groupings  present  at  one 
time  with  soluble  material,  at  another  time  with  insoluble  material. 
The  relation  between  soluble  and  insoluble  sucrase  has   been 
developed  here.     Sucrase  is  especially  suitable  for  these  studies 
because  of  its  comparative  stability.     The  conclusions  are,  how- 
ever, apphcable  to  other  enzymes.     For  example,  it  has  been 
shown  that  a  sodium  chloride  extract-soluble,  but  water-insoluble, 
lipase  preparation  (as  distinct  from  esterase  preparation}    was 
obtained  from  castor  beans.^"    An  analogous  lipase  preparation, 
but  soluble  in  watei-,  was  obtained  from  soy  beans.'i    Studies  of 
the  solubility  changes  of  these  preparations  on  simple  treatments 
did  not  lead  to  any  conclusions  because  of  the  relative  instability 
of  the  preparations. 

Whether  the  change  of  a  soluble  enzyme  preparation  into  an 
insoluble  one  by  simple  treatment  is  considered  to  be  adsorption,  or 
chemical  interaction  according  to  definite  stoichiometrical  ra- 
tios, may,  at  the  present  time,  be  looked  upon  as  an  academic 

'«  Falk,  K.  G.,  J.  Ain.  Chem.  Soc,  1913,  xxx\-,  1904. 
11  I'^alk,  K.  G.,  J.  Am.  Chem.  Soc,  1915,  xxxvii,  649. 
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question.  The  \\riters  prefer  to  speak  of  it  as  chemical  interac- 
tion, liut  the  exact  significance  to  be  attached  to  the  words,  and 
this  applies  as  well  to  those  who  prefer  to  speak  of  the  changes 
as  adsorption,  must  wait  for  a  more  complete  and  satisfactorj' 
knowledge  of  the  chemical  structures  of  the  substances  involved, 
and  the  changes  accompanying  the  phenomena. 

The  writers  wish  to  express  their  thanks  to  IVIr.  Isaac  Lorber- 
blatt  for  his  aid  in  preparing  the  banana  extracts  used  in  this 
work. 

CONCLUSIONS. 

The  properties  of  the  gels  obtained  from  banana  extract  by 
treatment  with  calcium  salts  and  alkali  or  with  pancreatin  and  of 
banana  sucrase  were  studied.  It  was  shown  that  different  sub- 
stances were  involved  in  the  gel  formations  and  in  the  enzyme 
actions,  although  boiling  the  solutions  destroyed  both  properties. 

The  formation  of  the  gel  and  the  conditions  for  dissolving  it 
without  inactivation  of  the  enzyme  were  described. 

The  relation  of  the  results  obtained  to  those  obtained  by  others, 
as  well  as  their  bearing  upon  some  general  enzyme  questions,  is 
discussed. 


ESTERIFICATION  OF  CREATINE.* 

By  ARTHUll  W.  DOX  and  LESTER  YODER. 

[From  the  Department  of  Chemical  Research,  Parke,  Davis  and  Company, 

Detroit.) 

(Received  for  publication,  October  9,  1922.) 

Many  of  the  amino-acids  resulting  from  hydrolysis  of  proteins 
have  been  esterified  by  treatment  with  absolute  alcohol  and  dry 
hydrogen  ciiloride.  The  amino-acid,  usuallj'  aniphoteiic  in 
reaction  because  of  the  simultaneous  presence  of  an  amino  and  a 
carboxyl  group,  becomes  strongly  basic  when  the  carboxyl  is 
esterified,  and  the  amino  group  readily  adds  an  equivalent  of 
mineral  acid  to  form  a  stable  crystalline  salt.  Fractional  distilla- 
tion in  vacuo  of  these  basic  esters  constitutes  Fischer's  well  known 
method  of  separating  certain  of  the  amino-acids  present  in  the 
acid  hydrolysate  of  proteins. 

From  glycine,  or  aminoacetic  acid,  the  simplest  of  the  amino- 
acids,  the  hydrochloride  of  the  ethyl  ester  is  readily  obtained  in 
large  crystals.  Creatine,  or  methylguanidine-acetic  acid,  may 
he  regarded  as  a  substituted  glycine.  The  conversion  of  creatine 
into  creatinine  by  loss  of  water  is  readily  effected  by  treatment 
with  mineral  acid.  It  was  significant,  therefore,  to  find  that 
treatment  of  creatine  with  absolute  alcohol  and  dr>-  hydrogen 
chloride,  a  condition  ideal  for  the  removal  of  water,  resulted  not 
in  the  ring  closure  but  rather  in  esterification  of  the  carboxyl 
group.  Esters  \\ere  readily  obtained  in  this  way  with  methyl, 
ethyl,  and  n-butyl  alcohols.  Since  no  esters  of  creatine  are  de- 
scribed in  the  literature,  the  following  derivatives  may  be  of 
interest. 

Creatine  Methyl  Ester  Hydrochloride. — 10  gm.  of  creatine,  pre- 
viously dried  at  100°,  were  suspended  in  100  cc.  of  absolute  methyl 
alcohol  and  dry  hydrogen  chloride  was  passed  in.     In  a  short  time 

*  Published  :is  Contribution  No.  17  from  the  Department  of  Chemical 
Research,  Parke,  Davis  and  Company. 
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the  creatine  had  completely  dissolved.  The  addition  of  hydrogen 
chloride  was  coiitinvicd  until  the  mixture  was  saturated  at  room 
temperature.  On  standing  over  night  no  crystals  separated.  2  vol- 
umes of  ether  were  added  and  the  mixture  was  cooled  in  ice  water. 
Within  half  an  hoiu-  an  abundance  of  slender  needle-shaped  crys- 
tals had  separat(>d.  These  were  filtered  and  washed  with  ether, 
then  recrystallized  from  ethyl  alcohol.  The  yield  was  9.0  gm.  of 
slender  needles,  very  soluble  in  water,  moderately  soluble  in 
alcohol,  and  insoluble  in  ether.  The  substance  has  a  strongly 
saline  taste.  It  melted  at  139-140°  with  evolution  of  gas,  and 
then  solidified.  When  gradually  heated  in  an  open  flask  in  an 
oil  bath  the  substance  sinters  together  without  melting.  In  this 
reaction  methyl  alcohol  is  given  off  and  ring  closure  occurs,  result- 
ing in  the  formation  of  creatinine  hydrochloride.  This  was 
identified  by  the  nitrogen  content  and  by  the  Jaffe  reaction.  A 
dilute  solution  of  the  ester  hydrochloride  gives  with  picric  acid 
a  copious  separation  of  fine  yellow  needles.  The  ester  hydro- 
cliloride  gave  the  following  figures: 

AThdlnS'lS 

CsHiiXjOjHCl.    Calculated.     X  23.14,  C119.56. 

Found.  "  23.31,  23.38;  "   19.69,  19.52. 

Creatine  Ethyl  Ester  Hydrochloride.— \0  gm.  of  dry  creatine  were 
suspended  in  100  cc.  of  absolute  ethyl  alcohol  and  ilry  hydrogen 
chloride  was  passed  in.  The  creatine  dissolved  as  in  the  pre- 
ceding preparation,  but  as  the  mixture  became  saturated  with 
hydrogen  chloride,  the  ester  hydrochloride  crystallized  out  without 
the  addition  of  ether.  After  recrystallizing  from  alcohol  11.5  gm. 
of  needle-shaped  crystals  were  obtained.  The  substance  melted 
at  163°  with  evolution  of  gas,  leaving  a  white  solid  residue  which 
gave  the  Jaffe  test  for  creatinine.  It  is  readily  soluble  in  water, 
moderately  soluble  in  alcohol,  and  insoluble  in  ether,  and  forms 
a  difficultly  soluble  crystalline  picrate. 

j\  7ii(lL  US1 S 

CsHuNaO-HCl.    Calculated.    N  21.48,  CI  IS.lfi. 

Found.  "  21.49,  21..56;  "   IT.l'S,  17.69. 

Creatine  n-Butyl  Eder  Hydrochloride.— This  was  prepared  in 
the  same  mamier  as  the  above,  using  «-butyl  in  place  of  ethyl 
alcohol.     The  product  crystallized  from  the  mixture  in  flat  needles. 
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Recrystallized  from  ethyl  alcohol,  they  melted  at  138°  and  de- 
composed at  about  150°,  leaving  a  solid  residue  of  creatinine  hy- 
drochloride. The  yield  was  11.0  gm.  Like  the  two  preceding 
derivatives,  this  ester  salt  is  very  soluble  in  water,  moderately 
soluble  in  alcohol,  insoluble  in  ether,  and  forms  a  difficultly  soluble 
picrate. 

Analysis. 

CsHirNaOj-HCl.    Calculated.     NMS.79,  0115.98. 

Found.  "   19..39,  19.32;  "   15.95,  16..30. 

Isopropyl  alcohol  failed  to  react  with  creatine  under  the  condi- 
tions of  the  above  experiments.  This  is  not  surprising  in  view  of 
the  greater  rate  of  esterification  of  primary  as  compared  with 
secondary  alcohols. 


A  COLORIMETER  FOR  BICOLORIMETRIC  WORK.* 

By  victor  C.  MYERS. 

{From  the  Department  of  Biochemistry,  New  York  Post-Graduaie  Medical 
School  and  Hospital,  Neic  York.) 

(Received  for  publication,  October  11,  1922.) 

There  are  many  purposes  for  which  a  colorimeter  employing  a 
single  color  standard  is  inadequate.  One  of  the  best  illustrations 
is  the  colorimetric  determination  of  the  hydrogen  ion  concentra- 
tion. As  ordinarilj-  cai'ried  out  this  determination  is  cumber- 
some and  rather  crude,  since  it  has  been  necessary  to  employ  a 
series  of  tubes  with  graduated  pH  valves  as  standards,  owing  to 
the  fact  that  here  one  is  dealing  with  combinations  of  two  colors 
instead  of  a  single  color. 

It  has  been  pointed  out'  that  with  the  use  of  two  w-edges  in  a 
modified  Hellige  colorimeter,  it  is  possible  to  match  all  the  shades 
of  color  in  a  given  indicator  from  the  acid  to  the  alkaUne  side, 
when  one  wedge  is  fiUed  with  an  acid  solution  of  tlie  dye  anil  the 
other  with  an  alkaline  solution,  thus  reducing  the  nmiiljer  of 
standards  employed  with  a  single  indicator  to  two.  These  may 
be  made  with  buffer  solutions  of  a  definite  pH,  or  of  solutions 
of  the  indicator  made  sufficiently  acid  or  alkahne  to  produce  a 
complete  change  in  the  color  of  the  indicator.  Where  it  is  de- 
sired to  read  very  small  differences  in  pH  over  a  limited  range  the 
two  standards  can  best  be  made  of  a  definite  pH  just  outside  of 
the  range  to  be  covered. 

Barnett  and  Barnett-  and  Gillespie'  have  employed  similar 
principles  in  the  colorimetric  measurement  of  the  hydrogen  ion 

*  A  preliminary  report  of  this  work  was  made  to  the  American  Society 
of  Biological  Chemists  at  the  New  Haven  meeting,  December,  1921  (Myers, 
V.  C,  J.  Biol.  Chem.,  1922,  1,  p.  xxii). 

'  Myers,  V.  C,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1921-22,  xix,  78. 

-  Barnett,  G.  D.,  and  Barnett,  C.  W.,  Proc  Soc.  Exp.  Biol,  and  Med., 
1920-21,  xviii,  127. 

'  Gillespie,  L.  J.,  J.  Bad.,  1921,  vi,  399. 
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concentration.  The  former  authors  employ  a  low,  narrow,  rectan- 
gular gla-^is  box  having  a  diagonal  glass  partition,  one  side  being 
used  for  the  acid  and  the  other  for  the  alkaline  solution  of  the 
indicator,  while  the  latter  achieves  the  same  result  by  having  a 
small  movaVilc  cup  fitted  over  the  plunger  but  inside  the  cup  of  a 
Duboscq  type  colorimeter. 

It  is  beheved  that  the  use  of  wedges  which  are  individually 
movable  provides  a  much  more  flexible  system.  The  reading 
of  the  wedge  containing  the  dominant  color  of  the  dye,  e.g.  the 
led  in  phenol  red,  characterizes  the  hydrogen  ion  concentration, 
the  >cllow  wedge  being  employed  simply  to  obtain  a  correct 
coloi-  match.  This  being  the  case  it  may  also  be  employed  to 
correct  for  any  slight  error  due  to  extraneous  yellow  pigment  in 
Hie  unknown. 

Modified   HeUige  Colorivieter. 

In  our  first  attempt  to  utilize  the  above  principle  the  Auten- 
rieth-Konigsberger  colorimeter  of  HeUige  was  modified  so  as  to 
provide  for  a  second  wedge*  and  a  magnifying  eyepiece.  This 
instrument  is  illustrated  in  Fig.  1.  It  will  be  noted  that  space 
has  been  so  economized  as  to  take  care  of  the  two  wedges  in  the 
box  of  a  standard  Hellige  colorimeter.  The  two  adjustment 
screws  are  placed  on  cither  side  of  the  instrument  to  permit  the 
use  of  both  hands  in  matching  the  colors.  With  pure  solutions 
this  instrument  works  excellently.  For  the  highest  degree  of 
accuracy,  however,  it  seemed  desirable  that  a  metal  construction 
should  be  employed. 

New  Wedge  Colorimeter. 

A  new  wedge  colorimeter,^  having  a  number  of  advantages 
over  the  instrument  illustrated  in  Fig.  1,  is  shown  in  Figs.  2  and  3. 

<  Sometime  after  our  instruments  had  been  constructed  our  attention 
was  called  to  a  colorimeter  described  by  Hellige  and  Co.  which  contained 
several  wedges.  The  design  of  this  instrument  is  similar  to  that  of  their 
single  wedge  colorimeter,  except  that  the  box  is  much  deeper  to  allow  for 
the  extra  wedges.  The  uses  which  were  suggested  for  this  instrument 
are  quite  different,  however,  from  those  mentioned  in  the  present  paper, 
the  extra  wedges  being  employed  chiefly  to  absorb  interfering  colors. 

'These  instruments  were  constructed  by  E.  Leitz,  Inc.,  tiO  Kast  10th 
Street,  New  York  City,  who  are  arranging  to  manufacture  them.  The 
author  wishes  to  express  his  appreciation  of  their  helpful  cooperation  m 
the  development  of  the  instruments. 
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Briefly  this  instrument  comprises  a  Israss  Ijox  with  heavy  metal 
base.  It  is  30  cm.  in  height,  and  contains  a  rack  and  pinion 
arrangement  for  three  wedges,  the  movement  of  the  wedges  being 
entirely  within  the  closed  box.  Readings  are  taken  from  100  mm. 
(adjustable)  scales  which  emerge  from  the  top  of  the  instrument 


i 


Fig.  1. 

as  the  wedges  are  raised.  The  instriunent  is  provided  with  an 
eyepiece  containing  magnifying  lens.  The  Helmholtz  prisms 
used  in  the  Hellige  instrument  have  l)een  replaced  with  the  tj'pe 
of  prisms  employed  in  instruments  made  on  the  Duboscq  pattern. 
With  these  prisms  the  light  passes  more  ncnirly  through  the  center 
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of  the  wedges  iiiul  cup,  liiinisliiug  a  l)ettci-  field  for  comparison. 
A  milk-glass  plate  in  back  allows  for  the  entrance  of  light.  If  de- 
sired, a  small  lamp  box  may  bo  substituted  for  this.  The  lamp 
box  as  now  constructed  uses  only  reflected  light,  which  passes 


througli  a  thick  daylitc  glass.  The  small  nitrogen  bulb  is  set 
below  the  field  of  vision,  the  reflecting  surface  being  covered  with 
aluminum  paint.  The  light  obtained  from  the  present  lamp 
compares  favorably  with  daylight  in  (luality,  although  somewhat 
greater  in  intensity.     A  door  at  tlu;  side  of  the  instrument  gives 


i 
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access  to  the  wedges  and  to  the  cup  for  the  unknown  which  is 
mounted  on  it  (see  Fig.  3) .  Two  wedges  provide  for  bicolorimetric 
work  as  in  the  pH  determination.  However,  to  obtain  a  perfect 
match   with   unknown   sokitions   which   are   slightly    turbid   or 


i'li;.  ;i. 

colored  a  third  wedge  may  be  used.  To  secure  an  even  field  it 
is  sometimes  necessary  to  counterbalance  the  greater  thickness  of 
glass  on  the  wedge  side  of  the  field.  Provision  has  been  made 
for  this  by  attaching  to  the  rack  carrying  the  cup  for  the  iniknown 
a  clip,  which  will  liold  one  or  more  glass  plates. 


680  Colorimeter  for  Bicolorimetric  Work 

Wedges  made  accoidinR  to  the  Hellige  design  are  constructed 
with  such  an  angle  that,  when  a  single  wedge  is  used,  the  100  mm. 
scale  should  read  the  strength  of  the  unknown  in  per  cent;  i.e., 
with  a  reading  of  37  mm.  the  unknown  should  be  37  per  cent  the 
strength  of  the  standard.  Practically  it  is  very  difficult  to  manu- 
facture wedges  which  are  exactly  correct,  and  it  is  best  simply  to 
calibrate  each  wedge.  However,  both  the  wedges  and  cup  are 
provided  with  adjustments,  the  cup  adjustment  having  a  vernier 
scale.  When  the  angle  of  the  wedge  is  such  as  to  require  only 
slight  correction,  these  two  adjustments  will  permit  sufficient 
correction  to  secure  accurate  percentage  readings. 

Accuracy  of  Rending  iL-ith  the  Instrument. 

The  chart  shown  in  Fig.  4  is  presented  to  illustrate  the  reading 
accuracy  of  the  instrument.  Standards  were  prepared  to  cover 
the  same  range  as  that  employed  by  Cullen'^  in  his  colorimetric 
pH  determination  in  blood.  The  standard  solutions  for  the  two 
wedges  were  made  with  pH  values  of  about  8.0  and  6.8.  For 
the  alkaline  wedge  1.1  cc.  of  m  15  primary  and  18.9  cc.  of  m/15 
secondary  phosphate  (Merck's  special  reagent)  were  employed, 
while  for  the  acid  wedge  10.2  cc.  of  primary  and  9.8  cc.  of  sec- 
ondary phosphate  were  used.  2  cc.  of  0.02  per  cent  phenol  red 
were  added  to  both  solutions.  For  the  calibration  of  the  wedges, 
nine  different  standards  were  employed  covering  the  pH  range 
from  7.0  to  7.8,  the  standards  differing  by  0.1  pH.  5  cc.  portions 
were  prepared  in  Pyrex  test-tubes  from  the  m/15  phosphates,  and 
0.5  cc.  of  the  phenol  red  solution  was  added  to  each.  It  will  be 
noted  that  none  of  the  leadings  fall  more  than  one  place  away 
fiom  the  curve  plotted,  the  value  of  one  place  on  the  scale  being 
0.012  pH.  It  is  believed  that  under  favorable  conditions  the 
reading  accuracy  of  the  instrument  for  the  above  range  of  pH 
should  be  well  within  ±  0.02. 

Uses  of  the  Instrument. 

It  is  believed  that  this  instr\iment  will  be  fomid  well  suited  to 
the  colorimetric  dotcnniination  of  the  hydrogen  ion  concentration 
in  various  biological  fluids  such  as  urine,  gastric  contents,  blood, 

eCuIlen,  G.  E.,  J.  Biol.  Chem.,  1922,  Hi,  .501. 
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bacteriological  culture  media,  etc.  The  instrument  also  serves 
excellently  for  the  Marriott  alveolar  carbon  dioxide  test.  It  is  a 
matter  of  conimon  observation  that  in  the  phenolsulfonephthalein 
renal  function  test  it  is  rarely  possible  to  obtain  an  exact  color 
match,  probably  because  certain  salts  present  in  the  urine  prevent 
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Fin.  i.    Readings  made  with  wedge  containing  dominant  color  (alkaline, 
pH  8.0,  phenol  red  solution). 

a  complete  change  in  the  color  of  the  indicator  on  the  addition 
of  alkali.  By  using  an  acid  (yellow)  'phthalein  standard  in 
conjunction  with  the  regular  alkaline  'phthalein  standard  it  is 
always  possible  to  obtain  an  exact  color  match.  If  desired, 
correction  mav  be  made  for  the  rather  small  error  introduced  by 
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the  "off"  color.  For  the  Marriott  alveolar  carbon  dioxide  test 
and  the  Rowntree-Geraghty  'phthalein  test,  the  instrument 
illustrated  in  Fig.  1  is  adequate,  but  for  the  more  exact  bicolori- 
metric hydrogen  ion  concentration  work  the  new  instrument 
(Figs.  2  and  3)  is  to  be  preferred. 

SUMMARY. 

A  new  colorimeter  which  has  been  designed  chiefly  for  such 
bicolorimetric  work  as  the  colorimetric  pH  determination  is 
described.  Standards  are  carried  in  wedges,  one,  two,  or  three 
of  which  may  be  employed  at  the  same  time.  With  one  wedge 
the  instrument  may  be  used  as  an  ordinary  colorimeter.  The 
second  wedge  provides  for  bicolorimetric  work.  To '  obtain  a 
perfect  match  with  unknown  solutions  which  are  slightly  turbid 
or  colored  a  third  wedge  may  be  used. 


THE  RELATIONS  EXISTING  BETWEEN  ARTERIAL  AND 

VENOUS  BLOOD  OF  THE  DOG  WITH  SPECIAL 

REFERENCE  TO  THE  PLASMA  CHLORIDES. 

By  EDWARD  A.  DOISY  and  J.  W.  BECKMANN. 

(From  the  Laboratories  of  Biological  Chemistry,  Washington  University 
School  of  Medicine,  St.  Louis.) 

(Received  for  publication,  October  13,  1922.) 

In  this  paper  we  are  presenting  a  study  of  the  relations  existing 
between  the  oxygen  and  carbon  dioxide  of  blood  and  between 
the  car1)on  dioxide  and  chlorides  of  the  plasma  of  blood  drawn 
Minultaneously  from  the  femoral  artery  and  vein  of  the  dog. 
tjur  primary  purpose  in  undertaking  this  study  was  to  determine 
if  the  chloride  shift  occurs  in  vivo  as  well  as  in  vitro.  Douglas 
and  Haldane  (1922)  have  obtained  data  upon  the  living  subject 
which  they  interpret  as  evidence  of  the  effect  of  oxygen  unsatura- 
tion  upon  the  capacity  of  the  blood  to  bind  carbon  dioxide.  But 
this  work  dealt  with  the  blood  as  a  unit,  whereas  our  work  on  the 
chloride  shift  deals  Mith  it  in  sections.  It  is  obvious  that  when 
Ijlood  takes  up  carbon  dioxide  if  there  were  no  mechanism  whereby 
the  efficiency  of  the  poorly  buffered  plasma  could  be  increased, 
there  would  be  the  opportunity  for  large  variations  in  the  hydrogen 
ion  concentration  of  the  plasma.  We  have  previously  published 
results  of  in  vitro  work  on  the  "loaned  buffer"  (Doisy,  Eaton,  and 
Chouke,  1922),  and  our  present  studies  indicate  that  the  hemo- 
globin loans  buffer  to  the  plasma  by  means  of  the  shift  of  hydro- 
chloric acid  in  the  body,  as  well  as  in  the  test-tube. 

Although  our  chief  purpose  was  to  study  the  shift  of  chlorides, 
it  seemed  desirable  to  secure  additional  information  on  the  arterial 
to  venous  change  of  Ijlood.  Few  papers  have  dealt  with  this  topic. 
Both  Stadie  (1919)  and  Harrop  (1919)  have  studied  arterial  and 
venous  blood  of  men,  and  recently  Peters,  Barr,  and  Rule  (1920-21) 
have  published  more  extensive  studies.  In  the  last  two  papers 
the  relation  of  carbon  dioxide  taken  up  to  oxygen  lost  has  not 
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consistently  yielded  normal  respiratory  quotients.  It  appeared 
probable  to  us  that  this  was  occasioned  chiefly  by  technical  and 
physiological  difficulties  in  obtaining  the  blood  samples.  We 
have,  therefore,  eliminated  some  of  these  difficulties  by  carrying 
out  our  experiments  on  dogs  in  which  the  blood  vessels  were 
exposed  before  attempting  to  draw  samples. 

Still  another  point  considered  was  the  distribution  of  carbon 
dioxide  taken  up  in  the  venous  blood  between  the  corpuscles  and 
plasma.  Means  and  his  collaborators  (1920-21)  found  that  only 
about  10  per  cent  of  the  added  CO2  was  carried  in  the  plasma. 
Some  of  our  earlier  in  vitro  work  did  not  agree  with  this  in  that  it 
indicated  that  added  carbon  dioxide  was  abnost  equally  distributed 
between  cells  and  plasma.  Certainly,  this  arrangement  would 
fit  in  better  with  the  idea  of  a  uniform  Ch  of  corpuscles  and  plasma 
or  with  an  approximately  constant  slight  difference  of  Ch  (Camp- 
bell and  Poulton,  1920-21).  With  equal  volumes  of  corpuscles 
and  plasma,  it  is  necessary  for  the  bicarbonate  to  be  increased  in 
both  phases  at  nearly  the  same  rate  if  the  relation  between  the 
hydrogen  ion  concentration  of  the  cells  and  plasma  is  to  be  main- 
tained. More  specifically  the  increase  must  bear  a  relationship 
to  the  solubilitv  coefficients  of  CO-,  in  corpuscles  (0.45)  and  in 

H.COs 
plasma  (0.54)  if  the  ratio  ^ttttt^   is   to   remam  constant.       Our 
^  ^       ^  NaHCOs 

data   indicate  an  approximately  equal  distribution  of  the   CO2 

taken  up  when  the  blood  becomes  venous. 

This  part  of  our  work  required  determinations  of  the  volume 

occupied  by  the  corpuscles  of  the  blood.     These  data  may  be 

utilized  to  test  the  idea  that  cells  swell  when  treated  with  an 

increased  tension  of   carbon   dioxide.     Von  Limbeck    (1894-95) 

noted  this  phenomenon  and  others  (Mukai,  1921;  Moore,  1916) 

have  studied  it  on  isolated  tissues.     In  a  previous  paper,  Doisy 

and  Eaton  (1921)  have  related  it  to  the  greater  buffer  value  of  the 

cells  and  the  indilfusibillty  of  the  cell  buffers.     While  the  values 

obtained  arc  not  strikingly  constant,  which  may  be  due  to  errors 

of  technique  and  uncontrolled  physiological  factors,   the  data 

indicate  a  transfer  of  water  from  pla.sma  to  cells  when  the  blood 

becomes  venous. 
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EXPERIMENTAL   PROCEDURE. 

In  order  to  avoid  the  effects  of  ether  (Van  Slyke,  Austin,  and 
Cullen,  1922),  local  anesthesia  with  cocaine  or  butyn  was  used. 
In  a  few  of  our  experiments  in  which  very  nervous  dogs  were  used, 
morphine  was  given  subcutaneously  about  an  hour  before  putting 
the  animal  on  the  table.  The  femoral  artery  and  vein  were 
exposed  under  the  local  anesthetic  and  needles  which  were  con- 
nected with  25  cc.  pipettes  inserted  into  the  vessels.  The  pipettes 
contained  oil  and  the  same  weight  of  potassium  oxalate.  It 
seemed  necessary  to  secure  exactly  the  same  concentration  of 
oxalate  in  both  the  venous  and  arterial  blood  to  avoid  any  shift 
of  water  between  cells  and  plasma.  In  view  of  the  nature  of  our 
experiments,  we  attempted  to  draw  the  arterial  and  venous  blood 
simultaneously  during  a  period  of  even,  regular  respiratory  move- 
ments, and  in  most  of  our  experiments  this  was  successful. 

Blood  was  transferred  under  oil  to  hematocrit  and  centrifuge 
tubes  and  centrifuged  in  stoppered  tubes  at  high  speed  to  obtain 
plasma  for  analysis  and  the  volume  of  the  corpuscles.  In  the 
meantime,  the  blood  was  analyzed  for  carbon  dioxide  and  oxygen. 
After  completion  of  the  centrifugation  the  plasma  was  analyzed 
for  carbon  dioxide  and  chlorides. 

Although  this  worii  was  begun  during  the  svmmier  of  1921, 
the  paper  was  not  submitted  for  publication  until  the  experiments 
were  repeated  using  the  improved  methods  of  Vaii  Slyke  and 
Stadie  (1921)  for  the  analysis  of  carbon  dioxide  and  oxygen. 
Chlorides  were  determined  by  a  modification  of  the  Austin- 
Van  Slyke  (1920)  jirocedure.  Using  very  carefully  controlled 
conditions  our  duplicate  determinations  rarely  differed  by  as 
much  as  0.0004  m  and  generally  the  difference  was  no  greater  than 
0.0002  m. 

data  and  discussion. 

In  Table  I  we  have  collected  our  data  on  the  chloride  and  car- 
bon dioxide  concentrations  of  arterial  and  venous  plasma.  The 
average  difference  of  carbon  dioxide  is  0.00196m,  while  that  of  the 
chloride  is  0.00138  .M.  The  difference  in  these  two  values  may  be 
explained  in  several  ways.  (1)  The  carbon  dioxide  values  are 
expressed  as-  total  CO2  and  not  bicarbonate.  In  a  recent  paper 
(1922)  we  have  slinwn  that  in  man  aliout  10  per  cent  of  the  car- 
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bon  dioxide  carried  by  blood  in  becoming  venous  is  due  to  physi- 
cally dissolved  CO2  due  to  the  greater  tension  existing  in  the 
capillaries  than  in  the  arterial  blood.  This  uncombined  CO2 
does  not  utilize  base  and  to  make  the  results  comparable  should 


TABLE  I. 


Comparison  of  the  Carbon  Dioxide  and  Chloride  Concentration  of  the  Plasma 
of  Arterial  and  Venous  Blood. 


Experiment 
No. 

Arterial 
total  COj. 

Venous 
total  CO:. 

Difference, 

Column  3  — 

Column  2. 

Arterial 
NaCl. 

Venous 
NaCl. 

Difference, 
Column  5  — 
Column  6. 

!^I 

M 

M 

M 

M 

M 

1* 

0.0209 

0.0233 

0.0024 

0. 1087 

0.1075 

0.0012 

2 

0.0230 

0.0242 

0.0012 

0.1125 

0.1120 

0.0005 

3 

0.0235 

0.0244 

0.0009 

0.1155 

0.1148 

0.0007 

4* 

0.0221 

0.0240 

0.0019 

0.1170 

0.1154 

0.0016 

5*t 

0.0254 

0.0254 

0.1136 

0.1136 

G 

0.0247 

0.0256 

0.0009 

0.1064 

0.1055 

0.0009 

7 

0.0193 

0.0219 

0.0026 

0.1153 

0.1137 

0.0016 

8 

0.0205 

0.0223 

0.0018 

0.1117 

0.1102 

0.0015 

9t 

0.0225 

0.0239 

0.0014 

0.1141 

0.1132 

0.0009 

lot 

0.0228 

0.022s 

0.1102 

0.1103 

11 

0.0220 

0.0232 

0.0012 

0.1124 

0.1112 

0.0012 

12* 

0.0218 

0.0240 

0.0022 

0.1148 

0.1132 

0.0016 

13* 

0.0218 

0.0222 

0.0004 

0.1142 

0.1132 

0.0010 

14 

O.OISI 

0.0200 

0.0019 

0.1132 

0.1117 

0.0015 

15* 

0.0185 

0.0203 

0.0018 

0.1159 

0.1150 

0.0009 

16 

0.0232 

0.0242 

0.0010 

0.1102 

0.1092 

0.0010 

17* 

0.0243 

0.0269 

0.0026 

0.1133 

0.1113 

0.0020 

18* 

0.0217 

0.0267 

0.0050 

0.1111 

0.1081 

0.0030 

19* 

0.0273 

0.0310 

0.0037 

0.1086 

0.1064 

0.0022 

20* 

0.0252 

0.0278 

0.0026 

0.1105 

0.1087 

0.0018 

21 

0.0275 

0.0294 

0.0019 

0.1057 

0.1042 

0.0015 

22 

0.0221 

0.0234 

0.0013 

0.1094 

0.1088 

0.0006 

Mean 

0.00196 

0.00138 

*  Morphine  used  to  quiet  dog. 

t  Omitted  in  obtaining  mean  results. 

be  subtracted  from  oui-  mean  difference  of  plasma  carbon  dioxide. 
(2)  The  "self-possessed"  buffer  value  of  plasma  while  small 
(3  to  5  per  cent)  in  the  arterial  to  venous  change  should  likewise 
be  subtracted  from  0.00196.  Neither  of  these  subtractions  is 
possible  because  the  pH  of  the  arterial  and  venous  blood  of  our 
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(logs  was  not  determined.  (3)  No  account  is  taken  of  any  con- 
centration effect,  due  to  an  increase  of  size  of  the  corpuscles.  We 
have  avoided  making  this  correction  because  of  the  uncertainties 
involved,  cliief  of  which  is  the  effect  of  the  cells  of  the  muscle 
tissue  in  tlic  equilibrium.  In  another  series  of  experiments  we 
have  found  that  stin\ulation  of  the  sciatic  nerve  between  the  tak- 
ing of  the  arterial  and  venous  blood  causes  a  huge  loss  of  water 
from  the  plasnra  of  the  latter.  This,  however,  does  not  detract 
from  the  main  point,  namely  the  demonstration  that  the  chloride 
shift  occurs  in  vivo. 

The  relation  between  the  plasma  chlorides  of  arterial  and 
venous  blood  is  a  liit  more  complicated  than  in  the  in  vitro  experi- 
ments in  which  the  hemoglobin  is  kept  at  the  same  degree  of 
oxygen  saturation.  In  the  former  case  there  is  an  increased 
capacity  of  the  blood  to  bind  carbon  dioxide  without  change  of 
pH  (Henderson,  1921)  which  may  he  expressed  by  saying  that 

.    BHbO,  . 

for  anv  i)H  the  numerical  value  of  the  ratio  ^„j,  ^    is   greater 

xlriuU2 

than  that  of  the  ratio  ^^777 "     This  increment  of  carbon  dioxide, 

XlxlD 

the  base  for  which  is  provided  by  a  reduction  of  oxj'hemoglobin, 
is  distriliuted  between  cells  and  plasma.  In  addition  there  is  a 
certain  quota  due  to  the  change  of  pH.  Both  of  these  reactions 
produce  a  migration  of  hydrochloric  acid  into  the  cells  with  a 
consequent  increase  of  the  l^icarbonate  of  the  plasma.  This 
lump  sum  plus  the  physically  dissolved  carbon  dioxide  increase 
is  what  we  have  measured  in  our  experiments. 

In  all  our  experiments  with  the  exception  of  Nos.  5  and  10  we 
have  found  a  migration  of  hydrochloric  acid.  The  results  of 
these  two  experiments  can  probably  be  explained  by  our  failure 
to  obtain  the  blood  sinmltaneously  and  an  alteration  of  the  res- 
piration between  the  arterial  and  venous  puncture.  We  have 
omitted  No.  9  from  our  consideration,  even  though  it  apparentty 
shows  a  chloride  migration,  for  the  same  reasons.  Our  con- 
clusion, then,  is  that  the  migration  of  hydrochloric  acid  which  had 
previously  been  studied  in  the  test-tube  actually  occm-s  in  the 
body  unilcr  normal  phj'siological  conditions. 
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Our  results  on  blood  respiratory  quotients  which  are  given  in 
Table  II  show  that  out  of  seventeen  experiments  eight  values  fall 
between  0.70  and  1 .00.  Of  the  remaining  nine  onlj-  three  lie  outside 
of  the  limits  0.67  to  1.05,  values  which  have  frequently  been  ob- 
served in  studying  the  gaseous  exchange  of  man.  Two  of  the 
other  three  results  are  low,  while  the  third  is  very  low,  and  may  be 
explained  by  the  failure  of  our  technique  which  has  already  been 

TABLE  II. 

The  Loss  of  Oxygen  and  the  Increase  of  Carbon  Dioxide  when  Blood  Changes 

from  Arterial  to  Venous  Condition. 


- 



Blood 

Difference. 

Difference, 

-espiratory 

Arterial 

Venous 

Column  3 

Arterial 

Venous 

Column  5 

quotient. 

E 

xperiment  No. 

total  CO2. 

total  CO2. 

—  Column 
2. 

total  Os. 

total  0:. 

—  Column 
6. 

Column  4 

Column  7 

vol.  per  cent 

vol.  per  cent 

vol.  per  cent 

vol. percent 

ml.  percent 

pal.  percent 

1 

39.2 

43.2 

4.0 

20.3 

14.4 

5.9 

0.67 

2 

41.4 

43.6 

2.2 

21.1 

19.0 

2.1 

1.05 

3 

43.9 

46.8 

2.9 

16.5 

12.8 

3.7 

0.78 

4 

40.1 

44.8 

4.7 

23.7 

19.2 

4.5 

1.05 

5 

47.8 

48.1 

0.3 

15.0 

11.8 

3.2 

0.10 

6 

43.9 

46.7 

2.8 

23.5 

19.7 

3.8 

0.74 

/ 

33.8 

39.2 

5.4 

27.2 

19.3 

7.9 

0.68 

11 

40.8 

44.9 

4.1 

18.0 

12.1 

5.9 

0.70 

12 

39.7 

44.4 

4.7 

22.1 

15.1 

7.0 

0.67 

14 

32.4 

35.5 

3.1 

22.5 

17.9 

4.6 

0.67 

1.5 

33.4 

37.1 

3.7 

22.3 

17.8 

4.5 

0.82 

10 

40.0 

42.6 

2.6 

25.5 

22.8 

2.7 

0.97 

17 

44.1 

53.2 

9.1 

22.1 

10.1 

12.0 

0.76 

18 

39.6 

50.6 

11.0 

20.6 

2.5 

18.1 

0.61 

20 

44.9 

50.1 

5.2 

21.6 

14.3 

7.3 

0.71 

21 

47.9 

51.6 

3.7 

22.3 

15.9 

6.4 

0.58 

22 

38.4 

41.2 

2.8 

18.6 

15.6 

3.0 

0.93 

referred  to.  This  result  has  been  included  in  our  table  merely  to 
indicate  the  degree  that  extraneous  influences  may  affect  the 
relations  of  arterial  and  venous  blood. 

Table  III  indicates  the  distribution  of  carbon  dioxide  between 
cells  and  plasma.  Of  the  amount  taken  up  in  the  passage  through 
the  capillaries  52  per  cent  was  found  in  the  cells.  The  variations 
(37  to  75  per  cent)  of  the  individual  experiments  are  not  greater 
than  should  be  expected  when  one  considers  the  various  deter- 
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minations  involved  in  which  the  difference  involved  in  any  set  is 
rarely  more  than  3  or  4  volumes  per  cent.  In  Experiment  18  in 
which  the  difference  between  the  arterial  and  venous  blood  was 
very  large  46  per  cent  of  the  total  CO2  taken  up  was  held  in  the 
cells.  This  value  agrees  fairly  well  with  some  of  our  in  vitro 
experunents  (unpublished  data). 

TABLE  HI. 
The  Amount  of  Carbon  Dioxide  Carried  in  the  Corpuscles  and  Plasma  of 

Venous  Blood.* 


Experiment  No. 

Arterial 
plasma. 

Venous 
plasma. 

Difference, 

Column  3 

—  Column 

2. 

Arterial 
corpuscles. 

Venous 
corpuscles. 

Difference, 

Column  6 

—  Column 

5. 

CO2 

carried  by 

corpuscles. 

Per  cent 

of  total. 

cc.  CO1 

cc.  COi 

cc.  COz 

cc.  COt 

cc.  CO2 

cc.  COi 

1 

23.7 

26.2 

2.5 

15.5 

17.0 

1.5 

37.5 

2 

27.7 

28.8 

1.1 

13.7 

14.8 

1.1 

50.0 

3 

32.6 

33.7 

1.1 

11.3 

13.1 

1.8 

62.1 

4 

28.3 

30.7 

2.4 

■  11.8 

14.1 

2.3 

48.9 

6 

27.5 

28.9 

1.4 

16.4 

17.8 

1.4 

50.0 

7 

18.1 

21.3 

3.2 

15.7 

17.9 

2.2 

40.8 

11 

28.1 

30.2 

2.1 

12.7 

14.7 

2.0 

48.8 

12 

24.3 

26.9 

2.6 

15.4 

17.5 

2.1 

44.7 

14 

19.4 

20.9 

1.5 

13.0 

14.6 

1.6 

51.6 

15 

20.2 

21.1 

0.9 

13.2 

16.0 

2.8 

75.7 

16 

23.6 

24.5 

0.9 

16.4 

18.1 

1.7 

65.4 

17 

29.5 

32.3 

2.8 

15.0 

17.1 

2.1 

42.9 

18 

25.3 

31.2 

5.9 

14.3 

19.4 

5.1 

46.2 

20 

25.2 

27.4 

2.2 

19.7 

22.7 

3.0 

57.9 

21 

30.1 

31.9 

1.8 

17.8 

19.7 

1.9 

51.4 

22 

27.7 

28.7 

1.0 

10.7 

12.5 

1.8 

64.3 

Mean 

52.4 

*In  100  cc.  of  blood. 

Our  mean  value  of  52  per  cent  is  very  much  smaller  than  that 
given  by  Smith,  Means,  and  Woodwell  (1920-21).  It  might  be 
argued  that  this  is  due  to  their  use  of  men  and  om-  use  of  dogs,  but 
we  do  not  believe  this  to  be  true.  Om-  in  vitro  experiments  on 
human  blood  indicate  that  about  45  per  cent  of  the  carbon  dioxide 
added  by  increases  of  carbon  dioxide  tension  is  taken  up  by  the 
cells.  However,  we  do  agree  with  their  conclusion  that  the  cells 
are  mainly  responsible  for  the  transport  of  carbon  dioxide  (Doisy, 
Briggs,  Eaton,  and  Chambers,  1922). 
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Our  data  dealing  with  the  increase  in  vokime  occupied  by  the 
corpuscles  when  the  lilood  becomes  venous  are  given  in  Table  IV. 
These  data  arc  not  entirely  concordant,  but  in  general  show  that 
the  corpuscles  of  the  venous  blood  occupy  a  larger  volume  than 
those  of  the  arterial  blood.  Some  physiological  factors  which 
may  vitiate  the  accura(;y  of  these  determinations  have  already 
been  mentioned. 

TABLE  IV. 
The  Volime  Occupied  by  the  Corpuscles  in  the  Arterial  and  Venous  States. 


Venous  blood, 

Decrease,  percent 

Experiment  No. 

pel  cent  plasma. 

per  cent  pla.sma. 

venous  plasma. 

1 

50.5 

50.1 

0.4 

2 

53.7 

53.1 

0.6 

3 

61.9 

61.8 

0.1 

5 

61.8 

61.1 

0.7 

6 

49.8 

50.3 

-0.5 

7 

41.7 

43.3 

-1.0 

9 

49.8 

48.7 

1.1 

10 

55.1 

55.5 

-0.4 

11 

57.1 

58.2 

-1.1 

12 

50.1 

50.0 

0.1 

14 

47.9 

46.9 

1.0 

15 

48.7 

46.5 

16 

45.5 

45.1 

0.4 

17 

54.3 

53.5 

0.8 

18 

.52.1 

52.0 

0.1 

19 

,    59.9 

58.2 

1.7 

20 

44.7 

44.1 

0.6 

21 

48.9 

48.5 

0.4 

22 

55.7 

54.7 

1.0 

Mean 

+0.35 

We  consider  that  the  explanation  of  this  phenomenon  must  be 
sought  in  part,  at  least,  in  the  alterations  of  osmotic  pressure. 
It  seems  probable  to  us  that  as  base  is  taken  from  the  buffers  to 
l)ind  carbon  dioxide  more  ions  are  produced  in  the  solution.  This 
increase  occurs  more  rapidly  in  the  cells  due  to  their  greater 
buffer  value,  and  consequently  water  is  withdrawn  from  the 
plasma  to  maintain  the  already  existing  relations.  This  state- 
ment should  not  be  construed  to  mean  that  we  consider  the  osmotic 
pressure  of  the  cells  to  equal  that  of  the  plasma,  for  there  is  some 
evidence  to  the  contrary. 
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SUMMARY. 

It  appears  that  a  perfectly  executed  experiment  on  arterial  and 
venous  blood  should  show  the  following  points:  (1)  Migration  of 
chlorides  into  the  cells;  (2)  normal  blood  respiratory  ciuotient; 
(3)  approximately  equal  distribution  of  the  added  CO2  between 
cells  and  plasma;  and  (4)  larger  volume  occupied  by  the  cor- 
puscles of  venous  blood. 

Consideration  of  our  seventeen  complete  experiments  in  the 
tables  shows  that  Experiments  3,  1.5,  17,  20,  and  22  fulfill  these 
conditions.  It  may  be  noted  that  in  our  later  work  which  had  the 
lienefit  of  the  practice  of  the  earlier  experinients  the  number  of 
successful  experiments  is  much  larger.  If  it  is  permissible  to 
extend  the  limits  of  normal  respirator}'  quotients  to  from  0.67  to 
1.05,  then  we  have  four  more  experiments  which  may  be  classed 
as  satisfactory.  A  positive  result  in  twenty  out  of  twenty-two 
experiments  supports  the  occurrence  of  a  migration  of  hydro- 
chloric acid  in  the  blood  in  the  bodj'. 
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THE  NON-PROTEIN  ORGANIC  CONSTITUENTS  IN  THE 
BLOOD  OF  MARINE  FISH.* 
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(From  the  Laboratory  of  Physiological  Chemistry  of  the  School  of  Medicine, 
Tulane  University,  New  Orleans.) 

(Received  for  publication,  October  9,  1922.) 

Nine  years  ago  I  published  (1)  analyses  of  the  blood  of  several 
species  of  fish  occurring  on  the  north  Atlantic  coast.  Since  this 
time  great  advances  have  been  made  in  the  accuracy  of  the  tech- 
nique of  blood  analysis;  a  field  still  j'oung,  but  which  in  1912,  the 
time  at  which  my  first  work  was  attempted,  was  in  its  infancy. 
With  the  numerous  improvements  in  technique  which  have  come 
witli  the  passing  years  our  ideas  as  to  what  constitutes  "normal" 
values  for  the  non-protein  constituents  of  himian  blood  have  under- 
gone radical  change,  and,  such  being  the  case  it  has  seemed  worth 
while  to  repeat  some  of  my  former  observations  on  the  blood  of 
marine  fish,  as  it  would  appear  probable  that  at  least  a  portion  of 
the  figures  obtained  by  the  relatively  crude  methods  available  at 
that  time  are  in  need  of  revision. 

The  analytical  methods  used  were  as  follows:  Non-protein 
nitrogen,  urea,  creatinine,  and  glucose  by  the  FoUn-Wu  (2)  pro- 
cedures; amino  nitrogen  by  Folin's  method  (3);  and  uric  acid  by 
the  direct  method  of  Benedict  (4). 

AH  animals  used  were  bled  as  soon  as  brought  in  from  the  traps; 
blood  was  secured  by  cutting  off  the  tail  and  collecting  from  the 
caudal  vessels,  without  the  use  of  an  anticoagulant.  The  results 
obtained  on  the  blood  of  seven  species  of  fish  are  presented  in 
Table  I. 

In  comparing  the  analytical  figures  collected  in  Table  I  with  my 
own  earher  work  on  the  blood  of  marine  fish  and  the  values  pub- 
hshed  by  Wilson  and  Adolph  (5)  on  fresh  water  fish,  which  in- 
vestigations constitute  the  only  chemical  studies  of  fish  blood  in 

*  This  work  was  carried  on  during  the  Summer  of  1922  in  the  Marine 
Biological  Laboratory  at  Woods  Hole. 
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which  modern  methods  have  been  employed,  it  will  be  noted  that 
the  figm-cs  for  non-protein  nitrogen  and  urea  a.re  along  the  same 
general  level  as  are  the  results  previously  published.  The  non- 
protein nitrogen  in  the  blood  of  elasmobranch  fish  in  both  series 
of  results  lies  in  the  neighborhood  of  1,000  mg.  per  100  cc.  of  blood, 
and  the  urea  nitrogen  at  about  800  mg. 

In  the  case  of  the  teleost  fish  my  former  observations  showed 
results  varying  from  40  to  90  mg.  of  non-protein  nitrogen  per  100 
CO.  of  blood  (average  about  65  mg.),  whereas  in  the  present  series 

TABLE  1. 
Non-Protein  Constituents  in  the  Blood  of  Fish. 


Per  100  CO.  blood. 

u 
■5 

■g 
P. 

n 
o 
c 

I 

2 

Z 

o 
c 

's 

< 

6 

c 
'a 

1 

o 

mg. 

6.6 

6.0 
7.6 
1.1 
1.1 
1.3 
1.5 

6 

a 

o 
O 

mg. 

25 

27 

36 
6.0 
6.2 
6.6 
6.0 

mg. 

1.0 

1.3 
1.1 
4.0 
4.4 
4.2 
4.3 

z 

s, 

K 
Z 

mg. 

1.6 

1.7 

1.3 

s 

mg. 

1,000 

1,000 
1,010 
56 
60 
63 
73 

mg. 
805 

866 
800 

9 

7.8 
10 

8.0 

mg. 

28 

31 

39 

28 

26.0 

28 

21 

mg. 
80 

Dusky  shark  {Carcharinus  obscu- 

97 

Saud  shark  {Carcharias  liltoralis) .  . 
Sculpin  {Mynxocephalus  aenems) .  . 

Menhaden  (Brevoorlia  tijr annus) . . 

90 

the  results  vary  from  56  to  73  mg.  The  values  obtained  for  urea 
nitrogen  in  teleost  blood  varied  in  my  earlier  observations  from 
8  to  20  mg.,  and  in  the  present  series  from  7.8  to  10. 

The  values  reported  by  Wilson  and  Adolph  for  tlic  fresh  water 
teleost  are  distinctly  lower  than  the  above;  r.e.,  non-protcm  nitrogen 
29  to  59,  and  urea  nitrogen  from  1.1  to  16.0  mg. 

Striking  differences  are  found  in  the  creatinine  and  creatine 
content  of  the  elasmobranch  and  teleost  bloods,  the  high  creatinine 
and  creatine  content  of  the  former  (creatinine  6.0  to  7.6,  and  crea- 
tine 25  to  36  mg.)  being  in  marked  contrast  to  the  values  obtained 
for  the  latter  type  (creatinine  1.1  and  1.3,  and  creatine  6.0  to  6.6 
mg  )    values  which  closelv  resemble  tho^e  found  in  human  blood. 
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A  practical  reversal  of  this  condition  is  to  be  noted  in  the  occur- 
rence of  uric  acid  in  the  blood  of  the  two  classes,  in  the  elasmo- 
branches  about  1  nig.  and  in  the  teleosts  about  4  mg.  In  my 
first  publication  the  statement  was  made  that  elasmobranch  blood 
is  free  from  uric  acid  while  the  quantity  found  in  teleost  blood 
amounted  to  only  1.0  to  1..5  mg.,  results  wliich  were  doubtless  due 
to  the  crude  analytical  technique  available  at  that  time. 

The  level  of  amino  nitrogen  was  found  to  be  about  the  same  in 
the  blood  of  both  elasmobranches  and  teleosts  varying  from  21.0 
to  31  mg.  In  my  earlier  work  no  determinations  of  amino  nitrogen 
were  made,  but  in  the  blood  of  fresh  water  fish  Wilson  and  Adolph 
have  reported  figures  varying  from  17  to  34  mg. 

The  figures  of  ammonia  and  blood  sugar  require  special  comment. 
In  my  earlier  paper  on  fish  blood  I  reported  a  content  of  ammonia 
nitrogen  of  from  1.0  to  5.5  mg.  per  100  cc.  of  blood;  Wilson  and 
Adolph  found  0.9  to  1.8  mg.  in  fresh  water  fish.  These  results 
were  obtained  by  the  aeration  method.  Of  late  years  additional 
work  on  the  ammonia  method  has  brought  to  light  many  formerly 
unsuspected  sources  of  error  (6).  In  view  of  the  large  amount 
of  ammonia  apparently  present  in  fish  blood  I  have  used  a  method 
of  procedure  which  I  tried  out  some  years  ago  on  human  blood  but 
which  was  abandoned  because  it  was  found  inadequate  to  cope 
with  the  extremely  small  amount  of  ammonia  present  in  this 
fluid.  The  general  principle  consists  of  the  precipitation  of  the 
proteins  of  blood  with  m-phosphoric  acid  (7)  and  the  extraction  of 
the  ammonia  from  the  filtrate  so  obtained  by  means  of  permutit. 

The  details  of  my  procedure  are  as  follows:  The  blood  was  col- 
lected without  the  addition  of  any  anticoagiilant;  to  this  were 
immediately  added  li  volumes  of  distilled  water  and  |  volume  of 
a  20  per  cent  freshly  prepared  solution  of  Hi-phosphoric  acid.  A 
rubber  stopper  was  then  inserted  and  the  flask  shaken  vigorously 
and  continuously  for  10  minutes  to  induce  rapid  precipitation. 
The  mixture  was  then  poured  on  a  dry  filter  and  an  aliquot  of 
this  filtrate  (usually  15  cc.)  was  shaken  for  5  minutes  with  2  gm. 
of  permutit,  which  just  before  use  had  been  freed  from  traces  of 
ammonia  by  treatment  successively  with  alkali,  acid,  and  dis- 
tilled water  (8).  The  supernatant  liquid  was  then  poured  off,  the 
permutit  washed  twice  with  distilled  water,  thus  treated  with  10  cc. 
of  0.5  per  cent  sodium  hydroxide  after  standing  for  5  minutes  with 
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more  distiUed  water  and  3  cc.  of  Nessler's  solution,  was  finally 
made  up  to  a  volume  of  50  cc,  and  compared  in  the  colorimeter 
with  a  suitable  standard.  The  standard  solution  found  most  con- 
venient consisted  of  ammonium  suKate  solution  equivalent  to 
0.1  mg.  of  nitrogen,  20  cc.  of  0.5  per  cent  sodium  hydroxide,  and 
6  cc.  of  Nessler's  solution,  and  the  whole  was  finally  made  up 
■svith  distiUed  water  to  a  volume  of  100  cc.  I  have  confined  the  use 
of  the  above  method  to  observations  on  the  blood  of  three  species, 
shark,  dogfish,  and  menhaden,  as  these  were  the  only  varieties  of 
which  the  supply  was  sufficiently  abundant  to  furnish  material 
for  a  reasonably  large  number  of  determinations. 

As  will  be  seen  from  Table  I  the  values  obtained  lie  between 
1.7  and  1.3  mg.,  figures  much  smaller  than  those  obtained  in  my 
earlier  observations,  and  approaching  those  found  by  Wilson  and 
Adolph  for  fresh  water  fish,  but  still  greatly  in  advance  of  the 
ammonia  values  reported  for  hmnan  blood. 

A  moderate  number  of  observations  have  been  made  regarding 
the  reducing  bodies  in  fish  blood,  ordinarily  classed  under  the  term 
"  blood  sugar. "  As  discussions  concerning  the  earlier  work  on  this 
subject  are  to  be  found  in  the  recent  papers  of  Lang  and  Macleod 
(9)  and  of  Scott  (10)  further  comment  is  superfluous. 

As  a  considerable  diversity  of  opinion  exists  among  investigators 
regarding  the  influence  of  asphyxia  on  the  blood  sugar  in  fish  the 
following  experiment  was  tried  with  the  dogfish.  The  animals 
were  obtained  as  soon  as  they  were  brought  in  from  the  traps  and 
were  placed  in  the  laboratory  in  a  large  tank  of  running  sea  water. 
After  being  allowed  to  remain  over  night  in  this  tank,  during  which 
time  thcv  had  apparently  recovered  from  the  handling  incident 
to  capture,  the  fish  were  removed  quickly,  the  tail  was  severed 
as  promptly  as  possible  and  a  small  amount  of  blood  (2  cc.)  was 
collected.  The  blood  which  continued  to  drip  from  the  severed 
vessels  was  received  in  2  cc.  fractions,  the  time  of  collection  being 
noted,  and  sugar  was  determined  separately  in  each  fraction.  In 
other  experiments  the  animals  were  obtained,  as  before,  immedi- 
ately on  arrival  from  the  fish  traps,  from  whence  they  were  trans- 
ported in  a  live  car,  brought  to  the  laboratory,  and  placed  in  a 
large  tank  of  running  water.  At  the  end  of  20  to  30  minutes  the 
animals,  who  by  this  time  were  somewhat,  but  apparently  not 
entirely,  recovered  were  rapidly  removed  from  the  tank,   and 
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samples  of  blood  taken  at  intervals  as  before.  I  have  repeated 
this  experiment  many  times  with  a  nmnber  of  different  animals, 
but  as  the  results  were  invariably  uniform  I  present  here  the  data 
of  only  two  experiments,  one  on  an  animal  in  good  condition,  and 
one  on  a  dogfish  who  had  not  entirely  recovered  from  the  rough 
handling  and  asphyxia  incident  to  his  capture. 

From  the  results  given  in  Table  II  it  would  seem  that  in  an 
animal  who  had  not  been  subjected  to  a  preliminary  period  of 
asphyxia  (by  being  carried  from  the  live  car  to  the  laboratory) 
no  change  in  the  blood  sugar  can  be  noted  during  a  period  of 
asphyxia  while  blood  was  being  taken.  If  on  the  other  hand  the 
animal  was  in  poor  condition  before  the  experiment  the  blood 

TABLE  II. 

Experiments  Showing  the  Influence  of  Asphyxia  on  Blood  Sugar  in  the  Dogfish. 


Amount  of 
blood  taken. 

Time  elapsed 

since  fish  were 

removed  from 

water. 

Blood  sugar. 

Remarks. 

cc. 

in  in. 

mfj.  per  100  cc. 

2.2 

0.5 

180 

Fish  allowed  to  stay  in  laboratory 

2.3 

1.5 

142 

tank    20    minutes    after    being 

2.8 

2.5 

105 

carried     from     pier.    Not     yet 

2.3 

3.5 

106 

fully  recovered. 

2.3 

0.5 

125 

Fish  kept  in  laboratory  tank  for 

23.5 

4.5 

125 

32  hours  before  experiment.     In 

2.4 

6.5 

125 

good  condition. 

sugar  tends  to  be  higher  during  the  first  1  or  2  minutes  and  sinks 
after  complete  asphyxia  and  bleeding  have  been  continued  for 
several  minutes.  The  latter  finding  is  in  accord  with  the  experi- 
ment reported  by  Scott  (10)  on  a  shark  in  poor  condition.  On  the 
whole  it  would  seem  that  prolonged  partial  asphyxia  has  a  marked 
effect  on  the  blood  sugar  of  fish,  but  that  during  the  short  period 
(2  to  4  minutes)  usually  occupied  in  desaiiguifyiug  an  animal  no 
abnormal  effects  are  to  be  noted.  The  blood  sugar  of  the  dogfish 
appears  to  be  extremely  variable,  observations  made  on  a  con- 
siderable number  of  apparently  normal  animals  have  shown  results 
varying  from  80  to  181  mg.  The  great  majority  of  these  figures 
fall  between  90  and  110  mg.,  which  is  about  the  level  for  normal 
human  lilood  for  the  analvtical  method  used.     I  have  not  obtained 
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any  results  confirmatory  of  the  finding  of  Scott  that  occasionally 
dogfish  are  obtained  whose  blood  is  devoid  of  reducing  bodies,  the 
lowest  figure  in  my  series  of  results  being  80  mg.  per  100  cc.  of 

blood. 

The  high  level  of  amino  nitrogen  found  in  fish  blood  (usually 
about  28  mg.,  four  to  five  times  the  values  reported  for  human 
blood,  in  which  fluid  concentrations  of  from  5  to  7  mg.  may  be 
considered  as  normal  amounts)  has  led  me  to  malie  a  few  analyses 
of  the  amino-acid  content  of  fish  muscle  in  order  to  determine 
whether  the  same  relation  obtained  between  the  amino-acids  of 
blood  and  tissue  as  found  in  mammals. 

TABLE  III. 

DeUrminations  of  Amino  Nitrogen  in  the  Blood  and  Muscles  of  Fish  and 
Marine  Invertebrates. 


Amino  N  per  100  giti. 


Name. 


Dusky  shark 
Sand  shark . . 

Dogfish 

Gunner 

Limulus 

Lobster 


ISIusc'lc  from  the  flank  was  removed  immediately  after  the  with- 
drawal of  blood,  freed  from  fragments  of  skin  and  fat,  cut  into 
small  pieces,  and  10  gm.  portions  were  rapidly  weighed  out  and 
ground  for  10  minutes  with  10  gm.  of  clean  dry  sand.  To  this 
mixture  there  were  added  70  cc.  of  ice-cold  water  and  after  further 
grinding  of  the  mixture  of  muscle,  sand,  and  water  there  were 
added  10  cc.  of  10  per  cent  sodium  tungstate  and  10  cc.  of  f  n 
sulfuric  acid.  After  thorough  stirring  the  mixture  was  allowed 
to  stand  for  10  to  15  minutes  and  then  filtered.  Amino  nitrogen 
in  the  filtrate  was  then  determined  by  the  colorimetric  method  of 
Folin.     Some  of  the  results  obtained  are  given  in  Table  III. 

From  these  figures  it  is  evident  that  not  only  is  the  amino 
nitrogen  content  of  fish  blood  much  higher  than  in  mammals 
but  that  a  different  equilibrium  apparently  exists  between  blood 
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and  muscle  in  these  two  classes  of  animals.  The  amino  nitrogen 
content  of  dog  blood  and  muscle  was  found  by  Van  Slyke  and 
Meyer  (11)  to  be  in  the  neighborhood  of  6  and  50  mg.,  respectively, 
although  relatively  wide  variations  are  noted  (especially  for 
muscle)  depending  on  diet,  time  of  feeding,  etc.  In  other  words, 
the  dog  has  approximately  ten  times  more  amino-acids  in  his 
muscle  than  in  his  blood;  in  the  fish  an  entirely  different  relation 
appears  to  obtain,  as  here  the  blood  frequently  contains  almost  as 
niuch  amino-acids  as  does  the  muscle. 

In  Table  III  are  also  included  a  few  determinations  on  the  blood 
and  muscle  of  two  species  of  invertebrates.  These  determinations 
were  made  because  of  the  suggestion  of  Mj^ers  (12)  that  in  all 
prolDability  the  blood  of  invertebrates  contains  large  amounts  of 
amino-acids.  As  will  be  seen  the  surmise  of  Myers  was  incorrect, 
as  in  several  of  these  animals  amfno-acids  appeared  to  be  practi- 
cally absent  from  the  body  fluids  whereas  considerable  quantities 
still  exist  in  the  nmscle.  The  lobsters  examined  were,  however, 
an  exception  to  this  rule  in  that  they  showed  small  amounts  of 
amino  nitrogen  in  the  blood  and  larger  quantities  in  the  muscle 
than  did  the  other  invertebrates.  It  is  probable  that  this  dif- 
ference between  the  lobster  and  the  horseshoe  crab  may  in  part  at 
least  be  due  to  the  state  of  mitrition  of  the  animals,  the  lobsters 
having  been  examined  within  21  hours  after  being  taken  whereas 
the  Liniuli  had  been  in  captivity  for  weeks  and  were  probably 
distinctly  undernourished. 

SUMMARY. 

Analyses  of  the  blood  of  three  species  of  elasmobranch  and  four 
species  of  teleost  fish  indicate  that  the  values  for  the  non-protein 
constituents  of  fish  blood  published  in  1913  will,  as  the  result  of 
improved  analytical  technique,  require  revision. 

The  following  may  be  said  to  represent  average  values  for 
elasmobranch  blood:  Non-protein  nitrogen  1,000;  urea  nitrogen 
800;  amino  nitrogen  28;  creatinine  6;  creatine  25;  uric  acid 
1.1  mg.  For  teleost  blood  the  following  are  average  figures:  Non- 
protein nitrogen  65;  urea  nitrogen  9;  amino  nitrogen  28;  creatinine 
1.0;  creatine  6;  uric  acid  4  mg.  The  blood  of  invertebrates  fre- 
quently contains  no  amino  nitrogen  although  considerable  amounts 
of  this  fraction  are  demonstrated  in  the  muscle. 
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THE  BEHAVIOR  OF  CHLORIDES  INTRODUCED  INTO  THE 

BLOOD  UNDER  NORMAL  AND  NEPHRITIC 

CONDITIONS.* 

By  frank  p.  underbill  and  EDWARD  T.  WAKEMAN. 

{From  the  Department  of  Pharmacology  and  Toxicology,   Yale  University, 

New   Haven.) 

(Received  for  publication,  October  lo,  1922.) 

A  study  of  chlorides  in  the  body  is  becoming  more  and  more 
important  to  a  better  understanding  of  nephritis,  edema,  and 
hypertension,  and  as  a  guide  to  the  treatment  of  these  con- 
ditions. Chlorides  play  an  important  role  in  determining  the 
distribution  of  fluids  in  the  body.  A  retention  of  chlorides  in 
the  blood  has  been  noted  in  nephritis,  particularly  in  cases  with 
edema  (1),  and  Allen  (2)  has  endeavored  to  show  that  salt  reten- 
tion is  the  cause  of  pure  hypertension  and  also  of  hyperten- 
sion in  many  cases  of  kidney  disease.  Many  authors  consider 
chloride  retention  as  the  chief  causative  factor  in  edema.  The 
edema  develops  when  the  thi-eshold  of  excretion  of  chlorides  is 
raised  and  the  edema  fluid  is  reabsorbed  when  this  threshold 
returns  to  normal. 

Host  (3)  studied  the  chloride  concentration  in  the  blood  of  nine 
patients  suffering  from  nephritis  with  and  without  edema  and 
found  the  clilorides  to  be  high  while  at  the  same  time  the  chloride 
output  was  incomplete.  He  believed,  therefore,  that  the  cause  of 
cliloride  retention  in  these  cases  of  nephritis  was  mainly  to  be 
found  in  the  kidneys  which,  to  a  certain  extent,  bar  the  way  for 
chloride  excretion.  When  this  barrier  gave  way  more  or  less 
suddenl}',  as  apparently  happened  in  two  cases  when  the  patients 
received  a  single  large  dose  of  salt,  the  retained  chlorides  and  water 
rushed  out.     With  improvement  in  these    cases    the    chloride 

*  The  data  are  taken  from  the  thesis  of  Dr.  Edward  T.  Wakeman  pre- 
sented in  candidacy  for  the  degree  of  Doctor  of  Medicine,  Yale  University, 
1922. 
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excretion  was  increased  and  the  blood  chlorides  returned  to  normal 
concentration. 

On  the  other  hand,  Achard  and  Ribot  (4)  have  observed  some 
cases  of  nephritis  in  which  there  was  a  retention  of  chlorides 
without  an  increase  in  the  concentration  of  chlorides  in  the  blood. 
This  retention  cannot  be  satisfactorily  explained  by  impaired 
kidne.y  function  and  it  seems  more  probable  that  the  cause  is 
extrarenal,  in  the  capillaries  or  even  in  the  tissues. 

A  considerable  amount  of  experimental  work  has  been  done  to 
study  the  changes  in  blood  concentration  in  nephritis.  Boycott 
(5)  found  that  in  normal  rabbits  the  original  volmne  of  blood  was 
restored  in  a  short  and  fairly  constant  interval  after  intravenous 
injection  of  Ringer's  solution  and  that  the  activity  of  the  kidneys 
was  not  essential  to  this  regulation  of  the  blood  volume.  However, 
rabbits  rendered  nephritic  by  uranium  nitrate  showed  a  partial 
failure  of  the  blood  volume  to  return  to  normal  under  the  same 
experimental  procedure.  Chisolm  (6)  found  a  similar  incomplete 
regulation  of  the  blood  volume  in  rabbits  with  nephritis  induced  by 
potassimn  chromate;  and  Bogert,  Underbill,  and  Mendel  (7)  have 
shown  the  same  condition  to  be  true  in  rabbits  with  nephritis 
induced  by  sodium  tartrate.  An  alteration  of  the  permeability 
of  the  blood  vessel  walls  seems  the  only  adequate  explanation 
of  the  changed  conditions  prevailing  in  nephritic  animals.  Bogert, 
Underbill,  and  Mendel  have  concluded,  therefore,  that  the  condi- 
tion of  nephritis  effects  an  alteration  of  the  permeability  of  the 
walls  of  the  capillaries  of  the  general  circulation  in  such  a  manner 
as  to  hinder  the  passage  of  fluid  from  the  blood  to  the  tissues. 

In  this  connection  it  is  interesting  to  note  that  Smith  and  Mendel 
(8),  in  studying  the  regulation  of  blood  volume  after  the  injection 
of  solutions  of  various  sodium  salts,  found  that  with  citrate, 
tartrate,  and  sulfate  solutions  the  blood  volume  stayed  above 
■normal  longer  than  with  any  other  salts.  With  chloride  solution 
the  return  to  normal  was  more  rapid,  while  with  bromide,  acetate, 
and  nitrate  the  rctm-n  to  normal  was  most  rapid.  They  suggest 
that  the  citrate,  tartrate,  and  sulfate  salts  may  have  decreased 
the  permeability  of  the  capillary  membranes  so  that  the  free 
movement  of  surplus  fluid  out  of  the  cuculation  observed  with 
chloride,  for  instance,  was  interfered  with.  If  this  is  true,  is  it  not 
possible  that  the  alteration  in  permeability  of  capillary  walls  noted 
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by  Bogcrt,  Undcrhill,  and  Moiidel  (7)  was  due,  not  to  the  nepliritis 
but  rather  to  the  sodium  tartrate  used  to  produce  the  nephritis? 
These  studies  have  been  concerned  with  the  regulation  of  the 
blood  volume  after  injections  of  saline  solution  in  normal  and 
nephritic  rabbits  with  special  reference  to  the  fate  of  the  injected 
fluid.  In  the  following  experiments  it  is  proposed  to  study  the 
regulation  of  the  blood  volume  after  injections  of  saline  solution  in 
normal  and  nephritic  rabbits  with  special  reference  to  the  fate  of 
the  chlorides  injected. 

Methods. 

In  general,  normal  full  grown  rabbits  which  fasted  48  hours 
were  used  in  all  of  the  experiments.  Hemoglobin  was  considered 
a  true  measure  of  the  dilution  of  the  blood  as  worked  out  by  Bogert, 
Underbill,  and  Mendel  (7)  and  Smith  and  Mendel  (8)  under 
similar  experimental  conditions.  After  the  concentrations  of 
chloride  and  hemoglobin  in  the  blood  were  determined,  a  known 
quantity  of  salt  solution  was  forced  into  the  circulation  as  rapidly 
as  possible.  Immediately  after  injection  and  at  regular  intervals 
thereafter,  the  concentrations  of  chloride  and  of  hemoglobin  were 
measured  and  the  relative  blood  volumes  were  calculated  from  the 
latter  figures. 

Technique. — Sodium  chloride  solution  of  exactly  0.9  per  cent 
concentration,  warmed  to  38°C.,  was  used  for  injection  of  chloride. 
This  solution  was  introduced  into  the  ear  vein  in  rabbits  under 
sufficient  pressure  so  that  80  cc.  were  injected  in  2  minutes. 
Samples  of  blood  were  taken  from  the  vessels  of  the  rabbit's  ear, 
collecting  the  lalood  drop  by  drop  into  beakers  containing  a  few 
crystals  of  potassium  oxalate,  2  cc.  being  necessary  for  each 
chloride  determination.  The  blood  for  hemoglobin  determination 
was  drawn  up  into  a  20  mm.  pipette  directly  from  the  bleeding  ear 
vein  at  the  same  time  that  the  blood  was  collected  for  chloride 
determination. 

The  concentration  of  chlorides  was  determined  by  the  method  of 
Whitchorn  (9).  Hemoglobin  determinations  were  made  according 
to  the  method  of  Cohen  and  Smith  (10). 

Exp(Mim(Mital  nephritis  was  induced  liy  sodium  tartrate  accord- 
ing to  the  procedure  suggested  by  Underbill,  Wells,  and  Gold- 
schmidt  (11).     The  ral)bits  were  given  no  food  for  2  days  prior  to 
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receiving  a  subcutaneous  injection  of  definite  amounts  of  sodium 
tartrate,  formed  by  dissolving  a  weighed  amount  of  tartaric  acid 
in  water  and  neutralizing  with  concentrated  sodium  hydroxide  to 
a  faintly  alkaline  reaction. 

Control  Experiments. 

Effect  of  Frequent  Bleeding  upon  CUwides  and  Hemoglohin. 

In  order  to  determine  the  effect  of  bleeding  a  rabbit,  2  cc.  or 
more  at  a  time,  at  the  frequent  intervals  set  down  by  these  experi- 

TABLE  I. 

Effect  of  Repeated  Small  Hemorrhages  upon  the  Concentrations  of  Chlorides 

and  Hemoglobin  in  the  Blood. 


Rabbit  A.    Weight  =  2,350  gm. 

Rabbit  B.    Weight  =  2,000  gm. 

Time. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 

blood  _ 

volume  in 

percentage 

of  normal. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 

blood 
volume  in 
percentage 
of  normal. 

Normal. 
5  minutes. 
10       " 
15 

30       " 
00       " 

2  hours. 

3  " 

4  " 

5  " 

556 
553 
542 
556 
539 
553 
553 
561 
600 
572 

per  cent 

81 
82 
80 
71 
75 
72 
70 
69 
62 
61 

100 

99 
101 
114 
108 
113 
116 
117 
131 
133 

456 
456 
459 
451 
459 
462 
481 
512 
528 

per  cent 

107 
91 

101 
89 
93 

100 
97 
92 
89 
85 

100 
118 
106 
120 
115 
107 
110 
116 
120 
126 

ments,  the  chloride  and  hemoglobin  concentrations  of  normal 
rabbits  were  determined  at  regular  irftervals.  The  results  of  two 
such  experiments  are  given  in  Table  I. 

From  these  experiments  it  appears  that,  in  normal  fasting 
rabbits,  hemorrhage,  as  practised  in  present  experiments,  may  or 
may  not  significantly  change  the  chloride  content  of  the  blood. 
When  there  is  a  significant  dilution  of  the  blood  as  the  result  of 
hemorrhage,  the  chlorides  are  correspondingly  increased.  The 
dilution  of  the  blood  and  the  increase  in  chlorides  are  more  marked 
after  the  1st  or  2nd  hour.     As  a  rule  there  is  a  marked  general 
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parallelism  between  the  relative  blood  volume  and  the  chloride 
content  of  the  blood. 

The  Chloride  and  Hemoglobin  Concentrations  in  Normal  Rabbits 

during  Fasting. 

As  a  control  upon  the  effect  of  sodium  tartrate  in  the  production 
of  nephritis,  the  chloride  and  hemoglobin  concentrations  were 
determined  twice  a  daj'  on  normal  fasting  rabbits  for  a  period  of 
5  days.    The  results  of  two  such  expeiiments  are  given  in  Table  II. 

TABLE  II. 
Effect  of  Fasting  xipon  the  Concentrations  of  Chloride  and  Hemoglobin  in 

the  Blood. 


Time.    Day  of  fasting. 

Rabbit  C. 

Rabbit  D. 

Day. 

Hour. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 

blood 
volume 
in  per- 
centage of 
normal. 

per  cent 

per  cent 

3rd 

9.00  a.m. 

571 

81 

100 

514 

92 

100 

5.00  p.m. 

571 

78 

104 

501 

82 

112 

4th 

9.00  a.m. 

583 

77 

105 

465 

78 

118 

5.00  p.m. 

566 

74 

110 

476 

74 

124 

oth 

9.00  a.m. 

564 

75 

IDS 

489 

71 

130 

5.00  p.m. 

0.59 

74 

110 

489 

69 

133 

6th 

9.00  a.m. 

566 

64 

127 

512 

73 

126 

5.00  p.m. 

553 

65 

125 

511 

70 

131 

7th 

9.00  a.m. 

561 

66 

123 

542 

64 

144 

From  these  experiments  it  appears  that  the  chloride  concen- 
tration of  the  blood  remains  practically  constant  or  may  be  slightly 
increased  during  fasting  when  normal  rabbits  are  bled  twice  a  day 
for  several  days.  The  relative  blood  volume,  however,  increases 
progressively  during  this  period. 

Nephritic  Rabbits  during  Fasting. 

Effect  of  a  Subkthal  Dose  of  Sodium  Tartrate  on  the  Chloride  and 
Hemoglobin  Concentration  of  a  Normal  Fasting  Rabbit. 

A  normal  fasting  rabbit,  weighing  2,260  gm.,  was  given  a  sub- 
cutaneous injection  of  tartaric  acid,  0.7.5  gm.  per  kilo  of  body 
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weight,  neutralized  with  sodiimi  hydroxide.  The  chloride  and 
hemoglobin  concentrations  were  determined  before  injection  of 
tartaric  acid  and  twice  daily  thereafter  for  5  days.  The  rabbit 
drank  freely,  but  24  hours  after  injection  became  anuric  and 
remained  so  until  the  3rd  day,  after  which  it  excreted  a  small 
quantity  of  urine  each  day.  The  rabbit  was  extremely  weak  on 
the  3rd  day  and  lay  on  its  side  in  a  semicomatose  condition.  On 
the  4th  da>^  it  seemed  stronger  and  was  more  active  and  seemed 

TABLE  III. 

Effect  of  a  Sublethal  Dose  of  Sodium  Tartrate  on  the  Chloride  and  Hemoglobin 
Concentrations  of  a  Normal  Fasting  Rabbit. 


Time.    Day  of  fasting. 

Rabbit  F.    Weight  =  2,260  gm. 

Chloride  as 

E.\cretion  of 

Day. 

Hour. 

NaCl  per 
100  cc.  blood. 

Heraoglobiu. 

in  percentage 
of  normal. 

urine. 

per  cent 

cc. 

3rd 

4.00  p.m. 

509 

89 

100 

130 

6.00     " 

Injected  1.7  gm.  tartaric  aci 

d. 

4th 

9.00  a.m. 

484 

61 

110 

90 

.5.00  p.m. 

415 

70 

127 

0 

5th 

9.00  a.m. 

360 

67 

132 

0 

5.00  p.m. 

352 

73 

122 

0 

6th 

9.00  a.m. 

344 

04 

139 

65 

5.00  p.m. 

352 

61 

145 

36 

7th 

9.00  a.m. 

375 

61 

145 

60 

8th 

9.00    " 

429 

66 

135 

160 

9th 

9.00    " 

481 

63 

141 

66 

to  improve  each  day  until  it  died  on  the  8th  day  after  injection. 
The  results  of  this  experiment  are  given  in  Table  III. 

In  the  single  representative  of  this  type  of  experiment  it  will  be 
seen  that  there  is  a  marked  drop  in  chloride  concentration  during 
the  period  of  severe  nephritis  as  shown  by  anuria.  Tliis  is  in  strik- 
ing contrast  to  the  more  or  less  constant  chloride  concentration 
in  a  normal  rabbit  under  similar  experimental  conditions  as  shown 
in  Table  II.  At  the  same  time  the  relative  blood  volume  shows  a 
corresponding  increase,  more  rapid  than  that  observed  in  normal 
rabbits  under  similar  conditions.  Later,  however,  as  there  is  an 
apparent  change  toward  recovery  as  shown  by  excretion  of  urine, 
the  relation  of  chloride  concentration  to  relative  blood  volmne 
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cliangcs.  The  iclati\e  blood  volutnc  remains  more  or  less 
stationary,  whereas  the  cliloride  concentration  tends  to  regain  its 
normal  level. 


Effect   of  Fatal  Doses  of  Sodium    Tartrate  on   the    Chloride   and 
Hemoglobin  Concentrations  of  Normal  Fasting  Rabbits. 

Normal  fasting  rabbits  were  given  subcutaneous  injections  of 
tartaric  acid,  1  gm.  per  kilo  of  body  weight,  neutralized  with 
soditmi  hydroxide.  The  chloride  and  hemoglobin  concentrations 
were  determined  before  injection  and  twice  daily  thereafter  until 

T.\BLE  IV. 

Effect  of  Fatal  Doses  of  Sodium  Tartrate  on  the  Chloride  and  Heinoi/loln'n 

Concentrations  of  Normal  Fasting  Rabbits. 


Time.     D.iy  of  fasting. 

Rabbit  K.    Weight  =  2,360  gm. 

RabbitM.    Weight  =  2,200  gm. 

Day. 

Hour. 

Chloride 

as  NaCl 

per  100  re. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 

centageof 
normal. 

per  cent 

per  cent 

3rd 

9.00  a.m. 

500 

86 

100 

556 

77 

100 

10.30   " 

Injected  2.4  gm.  tartaric 

Injected  2.2  gm.  tartaric 

acid. 

acid. 

4.. 30  p.m. 

523 

84 

102 

4  th 

9.00  a.m. 

446 

78 

110 

522 

67 

115 

4.30  p.m. 

415 

83 

104 

Died  on  4th  day  after 

Died  on  2nd  d.ay  after 

injection. 

injection. 

the  animals  died.  These  rabbits  drank  freel.y,  but  became  com- 
pletely anuric  on  the  day  following  injection.  Of  three  such 
rabbits  one  died  2  days,  one  3  days,  and  one  4  days  after  injection. 
The  results  of  these  experiments  are  given  in  Tables  IV  and  V. 
In  these,  as  in  the  previous  expeiiments,  it  will  be  seen  that 
there  is  a  more  or  less  rapid  decrease  in  chloride  concentration 
after  the  induction  of  tartrate  nephritis  and  an  increase  in  the 
relative  blood  volume.  The  dilution  of  the  blood  in  tartrate 
nephritis  confirms  the  observations  of  Underhill  and  Greenhouse 
(12)  on  this  condition. 
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TABLE  V. 
Effect  of  a  Fatal  Dose  of  Sodium  Tartrate  on  the  Chloride  and  Hemoglobin 
Concentration  of  a  Normal  Fasting  Rabbit.  


Time.    Day  of  fasting. 

Rabbit  I.    Weight  =  3,000  gm. 

Relative 

Chloride 

blood 

Hour. 

aaNaCl 

Hemo- 

volume 

Da.v. 

perlOOcc. 

globin. 

in  per- 

blood. 

centage  of 
normal. 

per  cent 

cc. 

3rd 

4.30  p.m. 

514 

82 

100 

150 

5.00     " 

Injected  3  gm.  tartaric  acid. 

4tli 

9.00  a.m. 

435 

99 

91 

0 

4.30  p.m. 

462 

77 

107 

Few  drops  expressed. 

5th 

9.00  a.m. 

451 

75 

109 

0 

4.30  p.m. 

440 

63 

131 

0 

6th 

9.00  a.m. 

451 

53 

156 

0 

4.30  p.m. 

437 

48 

170 

Few  drops  expressed. 

-th 

9.00  a.m. 

484 

32 

254 

0 

4.30  p.m. 

484 

28 

292 

0 

Found  dead  on  5th  day  after  injection. 

Experiments  with  Injection  of  Salt  Solution. 

Influence  of  the  Intravenous  Injection  of  Isotonic  Sodium  Chloride 

Solution  upon  Sodium  Chloride  Content  of  the  Blood  and  upon 

the  Relative   Blood  Volume   of  Normal  Fasting  Rabbits. 

The  chloride  and  hemoglobin  concentrations  of  the  blood  were 
determined  before  the  injection  of  salt  solution.  Then  80  ce. 
of  0.9  per  cent  NaCl  solution  were  introduced  into  the  ear  vein  of 
normal  fasting  rabbits  under  sufficient  pressure  to  inject  the 
entire  amount  in  2  minutes.  The  chloride  and  hemoglobin  con- 
centrations were  determined  immediately  and  at  regular  intervals 
thereafter.  The  results  of  two  such  experiments  are  given  in 
Table  VI. 

It  will  be  seen  from  these  experiments  that  there  is  at  first  a 
rapid  rise  in  the  chloride  content  of  the  blood  which  is  closely 
paralleled  by  the  relative  blood  voliune.  In  general  the  chloride 
content  returns  to  a  level  near  normal  or  even  to  normal  within  a 
relatively  short  tune  —  30  minutes.  However,  the  normal  level 
may  not  be  maintained,  probably  because  of  the  fact  that  the 
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iK-monhage  effect  observed  previously  now  comes  into  play.  This 
is  especially  noticeable  after  a  period  of  an  hour  or  more.  The 
relative  blood  volume  follows  closely  the  changes  in  the  chloride 
content  of  the  blood. 

TABLE  VI. 
Influence  of  Intravenous  Injection  of  Isotonic  Sodium  Chloride  Solution  upon 
the  Chloride  Content  of  the  Blood  and  upon  the  Relative  Blood  Volmne. 


Rabbit  N. 

Weight  = 

2,200  gm. 

Rabbit  p. 

Weight  = 

3,100  gm. 

Time. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  pei> 

centage  of 
normal. 

per  cent 

per  cent 

Before  injection 

520 

80 

100 

494 

102 

100 

After  injection. 

Immediately 

5  minutes 

586 
558 

76 
70 

105 

115* 

556 

.528 

76 
79 

134 
129 

10       "         

547 

73 

110 

495 

87 

117 

15       "         

545 

72 

111 

514 

89 

115 

30       "         

550 

77 

104 

509 

92 

111 

558 
575 
578 
575 
569 
586 

75 
75 
66 
64 
56 
60 

107 
107 
121 
125 
143 
134 

536 

542 

567 
564 
591 

83 
84 

79 
77 
75 

123 

2  hours 

121 

3     "     

4     "     

129 

5     "     

132 

6     "     

136 

^  In  the  subsequent  analysis  of  this  table,  this  figure  was  taken  instead 
of  105  as  representing  the  more  probable  volume  immediately  after 
injection. 

Influence  of  the  Intravenous  Injection  of  Isotonic  Sodium  Chloride 

Solution  upon  the  Chloride  Content  of  the  Blood  and  upon 

the  Relative  Blood  Volume  of  Nephritic  Rabbits. 

Normal  fasting  rabbits  were  rendered  nephritic  by  the  sub- 
cutaneous injection  of  1  gm.  of  tartaric  acid  per  kilo  of  body  weight, 
neutralized  with  sodium  hydroxide.  Since  rabbits  thus  treated 
are  completely  anuric  the  day  following  injection,  and  may  die  on 
the  2nd  day,  they  were  used  for  experimentation  24  hours  after 
tartrate  injection.  The  same  procedure  was  followed  as  described 
for  normal  rabbits  in  determining  the  effect  of  fatal  doses  of  sodium 
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tartrate  on  the  chloride  and  hemoKlobin  concentrations.     The 
results  of  two  such  experiments  are  given  in  Table  VII. 

It  will  be  seen  from  these  results  that  the  immediate  response  to 
sodium  chloride  injections  into  nephritic  rabbits  varies  but  little 
from  that  observed  with  normal  animals.  That  is  to  say,  the 
relative  blood  volume  and  chloride  content  of  the  blood  follow 
curves  very  similar  in  their  tune  relations  to  those  obtained  with 
normal  fasting  animals  under  similar  experimental  conditions. 

TABLE  VII. 

Inflvence  of  the  Intravenous  Injection  of  Isotonic  Sodium  Chloride  Solution 

upon  the  Chloride  Content  of  the  Blood  and  upon  the  Relative  Blood 

Volume  of  Nephritic  Rabbits. 


Rabbit  R. 

Weight  = 

2.700  gm. 

Rabbit  S. 

Weight  = 

2,450  gm. 

Relative 

Relative 

Chloritie 

blood 

Chloride 

blood 

as  NnCl 

Hemo- 

volume 

as  NaCl 

Hemo- 

per 100  cc. 
blood. 

globin. 

in  per- 
centage of 
normal. 

per  100  cc. 
blood. 

globin. 

in  per- 

eentaeeof 

normal. 

per  cent 

per  cent 

Before  injection 

448 

76 

100 

507 

93 

100 

After  injection. 

Immediately 

558 

01 

125 

550 

65 

143 

5  minutes 

517 

64 

119 

550 

74 

126 

10      "       

514 

69 

110 

542 

79 

118 

15       "         

525 

79 

118 

30       "         

476 

70 

109 

523 

83 

112 

501 
476 
501 

503 
503 

76 
62 
62 

58 
53 

100 
123 
123 

131 
143 

547 
536 
545 
523 
539 
550 

72 
71 
71 
71 
70 
61 

129 

131 

.3     "     

131 

4     "     

131 

5     "     

133 

6     "     

153 

From  this  one  may  perhaps  infer  that,  in  this  type  of  nephritis  at 
least,  the  capacity  of  the  organism  to  adjust  itself  to  alterations  in 
fluid  content  of  tlie  blood  is  not  impaired  as  judged  by  the  criteria 
adopted.  On  the  other  hand,  in  the  later  time  intervals  studied, 
it  would  appear  that  chlorides  leave  the  tissues  and  enter  the 
blood  stream  less  readily  than  is  true  for  normal  animals.  May 
one  infer  from  this  that  a  change  has  occurred  in  the  capillary 
wall  of  such  a  nature  that  absorption  is  not  hindered  from  the 
blood  to  the  tissues  but  that  in  the  opposite  direction  a  barrier  is 
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interposed,  or  may  one  assvune  that  the  tissues  themselves  have  a 
greater  affinity  for  sodium  chloride? 

In  order  to  compare  the  results  of  the  last  two  experiments  more 
accurately,  an  analysis  was  made  of  the  figures  obtained  with 
special  reference  to  the  amount  of  iniected  fluid  and  of  injected 
NaCl  which  had  passed  out  of  the  circulation  at  any  given  time. 
For  the  purpose  of  calculating  the  absolute  blood  volume  it  was 
assumed  that  the  average  rabbit  of  2  to  3  kilos  has  50  cc.  of  blood 
per  kilo  of  body  weight  (5). 

With  Rabbit  N  therefore,  in  Table  VI,  the  assumed  volume  would   be 

"'"       X  50  =  110  cc.    80  cc.  of  salt  solution  were  introduced  in  2  minutes. 

1,000 

If  the  entire  amount  of  injected  liquid  had  still  been  in  the  circulation  at 

the  end  of  the  injection  period,  the  volume  of  blood  would  have  been  110 

+  80  =  190  cc.  and  the  hemoglobin  would  have  been  —  X  SO  per  cent  =  46 
per  cent.  Immediately  on  completion  of  the  injection,  however,  the  hemo- 
globin was  found  to  be  70  per  cent,  giving  a  relative  blood  volume  of  -  X 

100  =  115  instead  of  ^  X  100  =  174,  and  an  aljsolute  volume  of  ^^^  X  115 

=  127  cc.  instead  of  190  cc.  Evidently,  therefore,  190  -127  =  63  cc.  or  79 
per  cent  of  liquid  injected  had  pa.ssed  out  of  the  vessels  during  the  period 
of  injection. 

Before  injection  of  salt  solution,  Rabbit  N  had  .520  mg.  of  NaCl  per  100 
cc.  of  blood.     If  the  absolute  blood  volume  was  110  cc,  as  assumed  above, 

the  total  chloride  content  of  the  blood  would  have  been  —    X   520    =    572 

mg.  of  NaCl.     The  injected  salt  solution  was  exactly  0.9  per  cent  NaCl. 

Hence,  SO  X  9.0  =  720  mg.  of  NaCl  were  injected.    If  the  whole  amount  of 

injected  salt  had  still  been  in  the  circulation  at  the  end  of  the  injection 

period,  the  total  chloride  content  of  the  blood  would  have  been  572  +  720  = 

1,292  mg.  of  NaCl.     Immediately  on  completion  of  injection,  however, 

the  chloride  content  of  the  blood  was  586  mg.  of  NaCl  per  100  cc.     The 

absolute  blood  volume,  as  determined  above  from  the  relative  blood  volume 

immediately  after  injection,  was  127  cc.     The  total  amount  of  chloride 

127 
in  circulation,  then,  was  5S6  X  —  =  744  mg.  of  NaCI  instead  of  1,292  mg. 

of  NaCl.  Evidently,  therefore,  1,292  -  744  =  548  mg.  of  NaCl  or  76  per 
cent  of  the  chloride  injected  has  passed  out  of  the  vessels  during  the  period 
of  injection. 

Similar  calculations  were  made  for  tlie  normal  Rabbit  P  and  for 
the  two  nephritic  rabbits,  Rabbits  R  and  S.     The  percentage  of 
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injected  fluid  and  also  of  injected  NaCl  which  had  passed  out  of 
the  circulation  at  any  given  time  is  represented  in  Table  VIII. 
There  are  several  sources  of  error  in  these  figm-es.  First  there  is 
room  for  considerable  error  in  collecting  the  blood  drop  by  drop 
from  an  ear  vein.  The  blood  may  flow  freely  and  a  2  cc.  sample  be 
collected  in  a  minute's  time.  On  the  other  hand,  it  may  take  5 
minutes  to  collect  a  sample.  The  error  from  this  variation  would 
be  most  marked  in  the  first  three  or  four  determinations  after 
injection  of  the  salt  solution,  .\fter  half  an  horn-  such  variation 
is  of  minor  importance. 

TABLE  VIII. 

Percentage  of  Injected  Liquid  and  Injected  Sodium  Chloride  Which  Has 

Passed  out  of  the  Circulation  at  Any  Given  Time  Following  the  Injection. 


Percentage  of  injected  liquid  lost. 

Percentage  of  injected  chloride  lost. 

Time  after  injection. 

Time  after  injection. 

Minutes. 

Hours. 

Minute.'?. 

Hours. 

0 

79 

5 
79 

10 

86 

16 
85 

30 

95 

1 

90 

2 

90 

3 
71 

4 

65 

5 

41 

6 
54 

0 
76 

5 

81 

10 

88 

15 

87 

30 

92 

1 
88 

2 

85 

3 
73 

4 

69 

5 

55 

6 

Rabbit  N 

69 

"      P 

M 

44 

68 

71 

79 

55 

59 

44 

38 

30 

46 

60 

82 

79 

85 

64 

65 

49 

46 

33 

.Average 

57 

62 

77 

78 

87 

73 

75 

55 

40 

42 

61 

71 

85 

83 

89 

76 

75 

59 

51 

51 

Rabbit  R 

7fi 

69 

83 

86 

100 

61 

61 

48 

28 

53 

69 

78 

88 

90 

107 

68 

60 

49 

"      S 

M 

fiO 

7.S 

7.S 

81 

55 

52 

52 

52 

49 

19 

52 

68 

1 1 

81 

86 

65 

66 

64 

69 

63 

43 

Average 

55 

65 

78 

84 

78  57 

57 

49 

24 

53 

69 

78 

87 

78 

87 

66 

62 

46 

Secondly,  the  hemorrhage  factor  has  not  been  considered.  20 
to  25  cc.  of  blood  were  withdrawn  in  the  course  of  each  experiment. 
However,  this  fact  was  the  same  in  each  experiment,  so  the  results 
are  comparable. 

Thirdly,  one  is  not  justified  in  drawing  any  definite  conclusions 
from  the  results  of  so  few  experiments.  As  will  be  seen  in  compar- 
ing Rabbit  N  with  Rabbit  P,  or  Rabbit  R  with  Rabbit  S,  there  is 
a  large  variation  between  animals  of  the  same  type  of  experiment. 

Recognizing  the  inaccuracy  of  these  results  it  is  nevertheless 
interesting  to  compare  the  averages  of  each  type  of  experiment— 
the  injection  of  salt  solution  into  normal  rabbits  and  into  nephritic 
rabbits.  There  is  a  striking  parallelism  between  the  normal 
and  nephritic  rabbits,  both  in  the  passage  of  fluid  and  of  chlorides 
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from  the  vessels  into  the  tissues  and  from  the  tissues  into  the  blood 
stream,  and  in  the  relation  of  NaCl  to  fluid.  During  the  first  half 
hour  the  greater  part,  80  to  90  per  cent,  of  the  fluid  injected  and 
also  of  the  NaCl  injected  passes  out  of  the  circulation.  There  is 
apparently  no  difference  between  normal  and  nephritic  rabbits  in 
this  respect.  After  the  first  half  hour,  fluid  and  NaCl  pass  into 
the  circulation,  and  the  chloride  content  of  the  blood  and  relative 
blood  volume  are  increased.  This  is  prolxably  due,  in  part  at 
least,  to  the  hemorrhage  effect  observed  previously.  It  would  also 
appear  from  these  figures  that  chlorides  pass  less  readily  from  the 
tissues  into  the  blood  stream  than  the  fluid,  and  there  is  very  little 
difference  between  normal  and  nephritic  rabbits  in  this  respect. 

DISCUSSION    OF    RESULTS. 

The  results  of  these  experiments  show  a  rather  close  parallelism 
between  the  behavior  of  the  injected  NaCl  and  the  injected  fluid. 
That  is,  in  normal  rabbits  the  blood  volume  tends  to  return  to 
normal  in  a  relatively  short  time,  about  30  minutes,  after  the 
injection  of  isotonic  salt  solution.  The  chloride  content  of  the 
Ijlood  also  tends  to  return  to  normal  in  the  same  short  interval  of 
time  after  the  injection  of  sodium  chloride  in  solution.  In 
nephritic  animals,  on  the  other  hand,  there  is  a  partial  failure  of  the 
blood  vokune  to  retm-n  to  normal  and  this  also  appears  to  be  true 
of  the  chloride  content  of  the  blood.  It  would  seem,  therefore, 
that  the  barrier  to  the  complete  restoration  of  blood  volume  in 
nephritic  animals  also  prevents  the  complete  restoration  of  the 
chloride  content  of  the  blood.  An  alteration  of  the  permeability 
of  the  blood  vessel  walls  seems  the  only  adequate  explanation  of 
the  changed  condition  prevailing  in  rabbits  rendered  nephritic 
by  sodium  tartrate.  It  is  therefore  concluded  that  the  condition 
of  nephritis  induced  by  sodimn  tartrate  effects  an  alteration  of  the 
permeabihty  of  the  walls  of  the  capillaries  of  the  general  circula- 
tion in  such  a  way  as  to  hinder  the  passage  of  fluid  and  of  NaCl 
from  the  blood  to  the  tissues. 

COXCLUSIOXS. 

In  normal  fasting  rabbits,  hemorrhage,  as  practised  in  the  pres- 
ent experiments,  may  or  may  not  significantly  change  the  chloride 
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content  of  the  blood.  When  there  is  a  significant  (Hkition  of  the 
blood  as  the  result  of  hemorrhage,  the  chlorides  are  correspondingly 
increased.  As  a  rule  there  is  a  marked  general  parallelism  between 
the  relative  blood  volume  and  the  chloride  content  of  the  blood. 
During  fasting  the  chloride  concentration  of  the  blood  remains 
practically  constant  or  may  be  slightly  increased  when  normal 
rabbits  are  bled  daily,  as  practised  in  these  experiments.  The 
relative  blood  volume  increases  progressively  under  the  same 
conditions. 

In  severe  nephritis  produced  by  a  sublethal  dose  of  sodium 
tartrate  there  is  a  marked  decrease  in  the  chloride  concentration 
of  the  blood  and  a  corresponding  increase  in  the  relative  blood 
volume.  As  there  is  an  apparent  change  toward  recovery  the 
chloride  concentration  of  the  blood  increases  and  tends  to  regain 
its  normal  level,  whereas  the  relative  blood  volume  remains 
more  or  less  stationary. 

In  fatal  tartrate  nephritis  there  is  a  more  or  less  rapid  decrease 
in  the  chloride  concentration  of  the  blood  and  an  increase  in  the 
relative  blood  volume. 

In  normal  fasting  rabbits  the  intravenous  injection  of  isotonic 
sodium  chloride  solution  is  followed  by  a  rapid  increase  in  the 
chloride  content  of  the  blood  and  a  corresponding  increase  in  the 
relative  blood  volume.  The  chloride  content  of  the  blood  tends  to 
return,  to  normal  within  a  relatively  short  time— 30  minutes. 
However,  the  normal  level  may  not  be  maintained,  probably  be- 
cause of  the  fact  that  the  hemorrhage  effect  observed  previously 
now  comes  into  play.  The  relative  blood  volume  follows  closely 
the  changes  in  the  chloride  content  of  the  blood. 

In  nephritic  rabbits  the  intravenous  injection  of  isotonic  sodiimr 
chloride  solution  is  also  followed  by  a  rapid  increase  in  the  chloride 
content  of  the  blood  and  a  corresponding  increase  in  relative 
blood  volume,  and  the  chloride  content  and  relative  blood  volume 
tend  to  return  to  normal  in  a  relatively  short  time.  After  an 
hour  or  more,  however,  the  chlorides  tend  to  leave  the  tissues  and 
enter  the  blood  stream  less  readily  in  nephritic  rabbits  than  is 
true  for  normal  animals. 
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THE    INFLUENCE    OF    SUBCUTANEOUS  INJECTIONS    OF 

INDOLE  AND  SKATOLE  UPON  THE  NITROGENOUS 

METABOLISM  OF  THE  RABBIT. 

By  frank  p.  UNDERHILL  and  ROBERT  KAPSINOW. 

(From  the  Department  of  Pharmacology  and  Toxicology,  Yale  University, 

New  Haven.) 

(Received  for  publication,  October  4,  1922.) 

Much  interest  is  manifested  in  the  possible  detrimental  effects 
of  the  products  of  intestinal  putrefaction  formed  in  such  condi- 
tions as  chronic  constipation,  intestinal  obstruction,  etc.  The 
isolation  and  testing  of  the  substances  assumed  to  be  responsible 
for  many  of  the  spnptoms  characteristic  of  these  abnormal  states 
have  not  been  extensively  undertaken  for  obvious  reasons.  Al- 
though indole  and  skatole  are  at  once  called  to  mind  when  intes- 
tinal putrefaction  is  under  consideration  the  agency  of  these  sub- 
stances in  the  production  of  untoward  symptoms  has  not  been 
clearly  demonstrated.  It  is  true  that  Herter'  has  shown  that 
indole  produces  depression  of  the  circulation  and  respiration  to- 
gether with  clonic  convulsions.  In  man  symptoms  of  neurasthenia 
with  fatigue,  depression,  and  insomnia  are  prominent  when  an 
abnormally  large  amount  of  indole  is  absorbed  either  as  such 
experimentally  or  as  a  result  of  increased  intestinal  putrefaction. 
Doses  of  2  gm.  of  indole  per  kilo  subcutaneously  introduced  into 
rabbits  produce  death  in  a  relatively  short  period. 

The  following  investigation  was  planned  to  determine  the  in- 
fluence of  subcutaneous  injections  of  indole  and  skatole  upon 
nitrogenous  metabolism  in  the  rabbit. 

Methods. 

Normal  full  grown  rabbits  were  fasted  2  days  previous  to 
the  injection  of  indole  and  skatole.     Distilled  water  was  allowed. 

'  Herter,  C.  A.,  New  York  Med.  J.,  1S9S,  Ixviii,  89. 
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Urine  was  collected  in  24  hour  periods.  At  the  beginning  of 
the  3rd  day  30  mg.  of  indole  per  kilo  were  dissolved  in  2^  cc. 
of  ether  and  injected  subcutaneously.  The  same  dosage  and 
procedure  were  employed  for  skatole.  Urinary  analyses  included 
total  nitrogen,  creatine,  creatinine,  total  sulfates,  and  inorganic 
and  ethereal  sulfates  by  the  usual  Fol'.n  methods.  Observations 
were  continued  for  2  days  subsequent  to  injection.  As  a  solvent 
ether  was  employed  instead  of  acetone,  as  used  l>y  Salant  and 
Kleitman.-  Acetone  is  very  toxic,  whereas  ether  may  be  given 
subcutaneously  in  doses  up  to  5  cc.  without  influence  upon  nitrog- 
enous metabolism. 

The  Influence  of  Indole  and  Skatole  upon  Nitrogenous  Melabolism. 

The  experiments  were  divided  into  two  groups:  (a)  controls;  and 
(6)  experiments  testing  the  influence  of  indole  and  skatole.  In 
Tables  I  and  II  are  data  derived  from  the  control  experiments. 

TABLE  I. 
The  Influence  of  Fasting  upon  Urinary  Composition. 
Rabbit  A  1.    Control.    Fasting. 


Date. 


Aug.  21 


23 

24 


^ 

■> 

^ 

^ 

c 

8 

X 

1^ 

m 

cc. 

cc. 

400 

3.30 

1.005 

220 

120 

1.007 

80 

90 

1.012 

100 

80 

1.010 

Alkaline. 
Acid. 


gm. 
0.210 
0.353 
0.6,0 
0.728 


u 


mg. 

50.4 
48.8 
52.9 
34.7 


o 


mg. 

9.2 

19.2 

71 

89.9 


mg. 
44.1 

96.0 
20.0 

20.8 


10.9 
21.2 
22.4 
38.8 


It  may  be  stated  that  in  order  to  save  space  only  samples  of  the 
experiments  are  given;  other  protocols  are  omitted.  However, 
all  the  data  obtained  are  in  agreement.  In  Tables  III  and  IV 
results  with  indole  may  be  fovmd.  In  Tables  V  and  YI  the  skatole 
experiments  are  detailed. 

'Salant,  W.,  ami  Kloitraan,  N.,  /.  Fhannacol.  and  Exp.  Therap.,  1922, 
xix,  307. 
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Comparison  of  the  data  of  the  controls  and  of  the  experunental 
animals  shows  that  indole  and  skatole  are  without  influence  upon 
nitrogenous  metabolism  when  introduced  subcutaneously    in  a 

TABLE  II. 

The  Influence  of  Fasting  upon  Urinary  Composition. 
Rabbit  A  3.    Control.    Fasting. 


i 

i 

3 

£ 

o 

OJ 

Date. 

a 

w 

i 

•c 

1 

s 
e2 

6 

CO 

C 

£ 

o 

'3 

1 

o 

3 

e2 

mi 

cc. 

cc. 

Qtn. 

mo. 

mg. 

mg. 

mo. 

mg. 

Sept.  11 

300 

330 

1.010 

Acid. 

0.588 

49.0 

33.2 

32.1 

10.0 

53.2 

"       12 

290 

250 

1.012 

li 

0.G02 

72.5 

Lost. 

4.9 

9.2 

18.0 

"       13 

250 

220 

1.008 

i< 

0.828 

71.5 

43.2 

50.2 

8.3 

49.7 

"       14 

296 

340 

1.008 

ii 

0.378 

69.4 

22.0 

57.5 

8.1 

Lost. 

T.\BLE  III. 
TAe  Influence  of  Indole  upon  Urinary  Composition. 
Rabbit  A  4.    Indole.    Fasting.    Weight  2,400  gm. 


1 

1 

oj 

> 

3 

09 

■3 

S 

Date. 

5 

i 

S 

c 
.2 

O 

2 

3 

'5 

1 

.9 

■a 

ja 

3 

3 

B 

a 

1 

w 

^ 

m 

« 

H 

u 

o 

'- 

W 

H 

— !l! — 

1921 

cc. 

cc. 

ffm. 

mo. 

mo. 

mg. 

ma. 

wif?. 

Sept.  19 

50 

52 

1.020 

Acid. 

0.510 

66.9 

10.9 

13.7 

9.0 

Lost. 

0 

"      20* 

45 

40 

1.030 

It 

0.585 

68.0 

10.6 

38.4 

13.0 

59.6 

0 

"      21 

00 

20 

1.032 

" 

0.585 

65.9 

11.9 

39.1 

9.8 

58.6 

0 

"     22 

20 

26 

1.031 

tt 

0.750 

65.3 

14.1 

36.7 

8.9 

44.9 

+++ 

Injected.    Dose  15  mg.  per  kilo.    Total  dosage,  36  mg.  in  2  cc.  of  ether. 

single  dose.  Indole  appears  to  increase  somewhat  the  excretion 
of  ethereal  sulfates  which,  however,  was  not  true  for  skatole.  In 
other  respects  the  urinary  composition  as  tested  varied  within  the 
Hmits  set  by  the  controls.  The  introduction  of  these  substances 
in  the  doses  given  failed  to  call  forth  any  noteworthy  symptoms. 
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TABLE  IV. 
The  Influence  of  Indole  upon  Urinary  Composition. 
Rabbit  A  4.    Indole.    Fasting.    Weight  2,300  gm. 


Date. 

a: 

a 

cc. 
205 
50 
65 
90 

i 

•E 
cc. 

84 
34 
04 
78 

>> 

*> 

1 

c 
.9 

1 

1 

1 

C 

01 

a 
o 

68.7 
61.6 
65.5 
64.1 

Q> 

a 

6 

mg. 

3.5 

7.4 
10.5 
13.0 

1 

d 

3 

CO 

o 

1 

g 

a 
mg- 

11.2 

9.8 
8.4 
7.0 

1 

1 

a 

m(7. 

7.3 

8.1 

19.0 

6.2 

3 
3 

'-5 

1911 

Sept.  26 
"      27* 
"      28 
"    .29 

1.010 
1.020 
1.010 
1.010 

Acid. 

it 
it 
H 

gm. 

0.420 
0.568 
0.798 
0.840 

mg. 

25.2 
28.0 
44.8 
25.2 

0 

± 
+ 

*  Injected.    Dose,  30  mg.  per  kilo.     Total  dosage,  69  mg.  in  2.5  cc. 
of  ether. 

T.\BLE  V. 

The  Influence  of  Skatole  upon  Urinary  Composition. 
Rabbit  B  2.    Skatole.    Fasting.    Weight  2,070  gm. 


Date. 


19tl 

Nov.    9 
"      10* 

"    11 

"      12 


o 


220 
340 
100 
150 


a 
5 


ISO 

260 

80 

50 


1.006 
1.008 
1.020 
1.028 


Acid 


gm 
0.660 
0.882 
0.975 
0.975 


o 


mg. 

87.0 
79.8 
85.2 
46.8 


o 


mg. 

39.4 
55.2 
37.2 

88 


vig. 

7.0 
31.6 
47.6 
55.5 


w 


nig. 

12.0 
12.3 
16,8 
10.4 


mg. 

29.8 
68.6 
81.0 
84.0 


♦Injected.    Dose,  30  mg.  per  kilo.   Total  dosage,  62  mg.  in  3  cc.  of  ether. 

TABLE  VI. 

The  Influence  of  Skatole  upon  Urinary  Composition. 
Rabbit  B  3.    Skatole.     Fasting.    Weight  2,070  gm. 
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Date. 

.S 

2 

CiO 

d 

a 

« 

<n 

3 

EC 

i 
s 

i 

1 

"3 

1 

O 

o 

o 

1 

mil 

cc. 

cc. 

gm. 

vig. 

mg. 

mg. 

mff. 

n*tf. 

Nov.  15 

220 

110 

1.014 

Acid. 

1.170 

108.0 

11.1 

112.0 

Lost. 

113.0 

"     16* 

140 

100 

1.018 

ii 

0.950 

101.2 

23.6 

84.0 

10.2 

139.0 

"     17 

110 

70 

1.020 

It 

0.870 

98.7 

48.7 

77.0 

9.4 

73.0 

"     18 

100 

86 

1.014 

i( 

0.945 

95.3 

17.2 

86.0 

9.2 

97.0 

*  Injected.    Dose,  30  mg.  per  kilo.    Total  dosage,  62  mg.  in  3  oc.  of  ether. 
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THE    PREPARATION    OF    NUCLEIC    ACID    FROM    THE 

NUCLEOPROTEIN  OF  TUBERCLE  BACILLI 

(TUBERCULINIC  ACID).* 

By  treat  B.  JOHNSON  and  ELMER  B.  BROWN. 
(^From  the  Department  of  Chemistry,  Yale  University,  Neio  Haven.) 

(Received  for  publication,  October  13,  1922.) 

■While  it  has  been  known  for  a  long  time  that  nucleoprotein 
constitutes  a  considerable  part  of  the  cell  of  tubercle  bacillus  it 
\\as  not  until  1898  that  an  attempt  was  made  to  separate  a  nucleic 
acid  from  this  organism.  This  was  undertaken  by  Ruppel,' 
who  subjected  large  quantities  of  crushed  bacilli  to  aqueous  ex- 
traction and  treatment  with  acetic  acid  and,  succeeded  in  precipita- 
ting from  the  acid  solution  with  hydrochloric  acid  and  alcohol  a 
product  containing  9.42  per  cent  of  phosphorus  and  possessing 
all  the  properties  of  a  nucleic  acid.  Ruppel  named  this  character- 
istic product  "Tuberculinsaure",  and  described  it  as  a  substance 
possessing  poisonous  and  inununizing  properties,  but  beyond  its 
similarity  in  properties  to  other  nucleic  acids  and  its  high  phos- 
phorus content  no  further  proof  was  given  by  him  to  establish 
its  identity. 

Ruppel 's  investigation  was  followed  by  the  work  of  Levene^'' 
who  succeeded  in  extracting  from  defatted  and  crushed  tubercle 
bacilli  with  5  per  cent  aqueous  sodium  chloride  or  8  per  cent  am- 
monium chloride  a  small  amount  of  phosphorus  containing  ma- 
terial possessing  the  properties  of  a  nucleic  acid.  This  product 
was  never  obtained,  however,  in  pure  condition,  but  that  he  was 
dealing  with  a  nucleic  acid  was  proved  by  the  fact  that  it  contained 

*  This  paper  is  constructed  from  a  dissertation  which  was  presented  bj' 
Elmer  B.  Brown  in  June,  1922,  to  the  Faculty  of  the  Yale  Graduate  School 
in  candidacy  for  the  degree  of  Doctor  of  Philosophy. 

1  Ruppel  W.  G.,  Z.  physiol.  Chem.,  1898-99,  xxvi,  218. 

=  Levene,  P.  A.,  /.  Med.  Research,  1901,  vi,  135. 

»  Levene,  P.  A.,  J.  Med.  Research,  1904,  xii,  251. 
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phosphorus  and  gave  on  hydrolysis  the  two  characteristic  purines 
—guanine  and  adenine.  Levene  not  only  isolated  free  nucleic 
acid  from  tubercle  bacilli  by  extraction  with  the  above  inorganic 
salt  solutions,  but  he  also  subjected  his  bacilli  residues  to  hydroly- 
sis with  5  per  cent  sodium  hydroxide  solution  and  succeeded  in 
this  manner  in  freeing  combined  nucleic  acid  from  the  nucleo- 
protein  constituents  of  the  cell.  This  acid  was  separated,  and 
subjected  to  acid  hydrolysis  when  the  two  purines,  guanine  and 
adenine,  were  obtained.  Levene  was  unable  to  establish  from 
the  results  of  his  analyses  that  this  acid  from  tubercle  bacillus  is 
identical  with  yeast  or  thymus  nucleic  acid. 

Besides  these  two  investigators  no  one  has  succeeded  apparently 
in  isolating  any  product  from  tubercle  bacillus  exhibiting  the 
characteristic  properties  of  a  nucleic  acid  with  the  exception  of 
the  Japanese  investigator  Kitajima.^    He  succeeded  in  separating 
from  this  organism  by  an  extraction  process  a  poisonous  constituent 
to  which  he  gave  the  name    '' Tuber kelo thymine  Saure."    ^\^lile 
the  composition  of  this  acid  was  not  determined,  Kitajima  states 
in  his  paper  that  the  substance  behaved  in  every  way  like  thjnnus 
nucleic  acid  and  yielded  thymine  or  a  similar  body  on  hydrolysis. 
In  all  the  records  of  these  researches  no  data  are  given  indicat- 
ing the  yield  of  nucleic  acid  obtained  from  tubercle  bacillus. 
Several  investigators  in  this  field  have  used  the  phosphorus  con- 
tent as  an  indirect  measure  of  nucleic  acid  and  calculated  the 
amount  of  acid  and  nucleoprotein  present  on  that  basis,  but  it  is 
now  known  that  such  calculations  are  inaccurate  as  the  tubercle 
bacilli  contain  a  large  proportion  of  their  phosphorus  in  other 
forms   of  organic   combinations   as  phosphatides,   lecithin,   etc. 
The  nitrogen  hydrolytic  products  of  nucleic  acid  such  as  the 
purines  and  pyrimidines  are  characteristic  of  these  biochemical 
substances,  and  Long^  has  recently  determined  from  the  quantity 
of  purines  found  after  hydrolysis  that  the  real  nucleic  acid  con- 
tent of  defatted  baciUus  is  between  2.0  and  3.5  per  cent  of  the 
weight  of  this  organism.    The  accuracy  of  this  figure  depends,  of 
course,  upon  efficient  removal  of  foreign  material  and  thorough 
drying  of  the  bacilli.    The  results  obtained  by  Long,  though 
lower  than  expected,  represent  very  probably  the  best  estimate 

<  Kitajima,  T.,  Mitt.  Med.  Ges.  Tokio,  1902,  xvi,  17. 
'  Long,  E.  R.,  Aw.  Rev.  Tuherc,  1920-21,  iv,  S42. 
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of  the  actual  nucleic  acid  content  of  tubercle  bacillus  which  has 
thus  far  been  made.  A  quantitative  determination  of  the  pyri- 
midine  content  of  tubercle  bacillus,  which  is  equally  characteristic 
of  nucleic  acids,  has  never  been  made. 

The  nucleic  acid  of  tubercle  bacillus  was  of  interest  to  the  writers 
not  because  of  the  supposed  poisonous  or  immunizing  properties 
ascribed  to  it  by  earlier  investigators,  but  from  the  more  funda- 
mental standpoint  of  classification  of  the  tubercle  bacilli.  The 
experimental  evidence,  thus  far  presented,  indicates  that  the 
nucleic  acids  of  plant  and  animal  origin  are  quite  different  in 
chemical  constitution,  but  so  far  as  the  writers  are  aware,  no  one 
has  completely  analyzed  the  nucleic  acid  of  tubercle  bacillus  to 
ascertain  the  group  to  which  this  organism  is  to  be  assigned. 
Fortunately  a  sufficient  quantity  of  this  organism  to  undertake 
the  first  stages  of  such  an  investigation  was  placed  at  our  disposal 
this  past  year,  and  in  this  paper  we  desire  to  render  a  preliminary 
and  condensed  report  of  certain  results  of  our  research.  We  will 
now  present  not  only  several  new  facts  of  interest  bearing  on  the 
question  of  composition  of  tubercle  bacilli,  but  also  descrit)e  a 
method  of  operating  whereby  the  nucleic  acid  of  this  unicellular 
organism  can  be  obtained  for  experimental  work  without  great 
difficulty.^ 

E.XPERIMENTAL    PART. 

Supply  of  Tubercle  Bacilli. 

The  tubercle  bacilli  which  were  furnished  for  our  research 
through  the  courtesy  of  Parke,  Davis  and  Co.  consisted  of  human 

'  Our  research  on  tubercle  bacilli  was  supported  in  part  this  past  year 
by  a  special  grant  from  the  National  Tuberculosis  Association  and  this 
paper  may  be  considered  as  a  partial  report  of  the  progress  of  our  work. 
The  investigation  will  be  continued  this  coming  year  by  Dr.  Brown  in  the 
Sterling  Chemistry  Laboratory,  and  the  writers  take  this  opportunity  to 
thank  the  National  Tuberculosis  Association  for  its  help  and  for  the  further 
privilege  of  utilizing  the  resources  of  its  Research  Fellowship  for  another 
year.  The  large  amount  of  tubercle  bacilli  used  in  our  research  was  fur- 
nished by  the  Mulford  Co.  and  Parke,  Davis  and  Co.  The  writers  desire 
to  express  their  thanks  for  the  assistance  given  by  these  companies,  and 
also  to  express  their  indebtedness  to  Dr.  E.  R.  Long  of  Chicago  Uni- 
versity, and  to  Dr.  M.  Dorset  of  Washington,  D.  C,  for  supplying  them 
with  small  quantities  of  defatted  and  dried  tubercle  bacilli. 
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bacilli  and  were  received  by  us  in  the  form  of  a  heavy,  light  grey 
granular  powder  resembling  sand.  The  tubercle  bacilli  furnished 
bv  the  iMulford  Co.  were  a  mixture  of  human  and  bovine  bacilli 
and  somewhat  less  granular  than  the  Parke,  Davis  and  Co.  prod- 
uct and  much  darker  in  color.  The  material  supplied  by  both 
concerns  had  been  well  dried  before  shipment  to  our  laboratory, 
the  Parke  Davis  and  Co.  and  the  Mulford  Co.  products  losing 
only  1  and  1.5  per  cent  of  water,  respectively,  after  thorough 
grinding  and  drying  in  vacuo  over  concentrated  sulfuric  acid. 
After  this  treatment  neither  product  lost  further  weight  by  heat- 
ing to  110°C.  at  ordinary  pressure  or  at  55°C.  in  a  partial  vacuum. 
The  amount  of  tubercle  bacilli  furnished  was  363  gm.  of  the  human 
bacilli  and  443  gm.  of  the  mixed  human-bovine  bacilli  or  a  total 
of  806  gm. 

Fat  Content  of  Tubercle  Bacilli. 

The  solvent  which  we  found  most  practical  for  the  extraction 
of  fat  in  our  tubercle  baciUi  was  anhydrous  toluene,  and  it  was 
our  experience  that  the  operation  could  be  carried  out  efficiently 
and  rapidly  in  large  units  by  operating  in  an  ordinary  flask  and 
decanting  the  toluene  extract  after  digestion   to   dissolve   fat. 
To  avoid  loss  of  bacilli  by  decantation  of  toluene  the  flask  was 
connected  to  a  reflux  condenser  and  the  toluene  drawn  off  through 
a   svphon   tube   after   thorough   settling.    The    extraction    was 
hastened  by  licating  with  toluene  at  90-100°C.  for  7  to  8  hours^ 
and  the  solution  then  decanted  after  cooling.     After  repetition  of 
this  procedure  five  to  six  times  with  liberal  quantities  of  toluene 
the  extraction  of  fat  was  practically  complete  and  the  bacilli 
could  be  drained  on  a  Buchner  funnel  with  ease  and  then  dried 
to  constant  weight  by  heating  at  80°C.  in  a  partial  vacuum. 
From  361  gm.  of  Parke,  Davis  and  Co.  bacilU  we  obtained  ^236.3 
gm    of  defatted  material,  showing  a  loss  in  weight  of  124.7  gm. 
(34.55  per  cent).    425  gm.   of    the    MuKord    Co.    bacilli  were 
.subjected  to  a  similar  extraction  process  in  which  we  used  7  liters 
of  anhydrous  toluene.     Here  the  loss  in  weight  was  actually  43.53 
per  cent;  the  defatted  bacilli  weighing  240  gm.  after  drying  in  a 
vacuum  at  80°C.     It  is  possible  that  some  colloidal    material 
besides  fat  was  removed  by  the  toluene,  but  nothing  could  be 
separated  by  filtering  or  centrifuging  the  toluene  solution.     These 
toluene  extracts  have  been  set  aside  for  furthcn-  resc-areh. 
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Analysis  of  Tubercle  Bacilli  for  Inorganic  Constituents. 

The  analytical  values  for  ash  are  somewhat  higher  than  those 
reported  by  De  Schweinitz  and  Dorset,'  and  also  by  the  Royal 
Commission,"  but  lower  than  the  values  published  by  Levene.^ 
Goris'  reports  an  ash  content  of  2.5  per  cent  in  dried  bacilli. 
Mention  should  also  l^e  made  here  of  the  fact  that  the  ash  of  the 
original  IMulford  Co.  bacilli  gave  on  analysis  a  SO4  content  of 
10.41  per  cent,  and  also  contained  SiO-)  to  the  extent  of  4.2  per 
cent.  Since  we  did  not  observe  the  presence  of  silica  in  the  Parke, 
Da\'is  and  Co.  bacilli,  we  infer  that  this  probably  is  an  impurity 
in  the  Mulford  Co.  product  and  is  not  a  constituent  of  normal 
tubercle  bacilli.     In  general,  the  analytical  values  for  inorganic 


T.\BLE  I. 

Sample. 

Ash. 

Ps06  in 
ash. 

PiOs  in 
bacilli. 

CaOin 

ash. 

CaO  in 
bacilli. 

MgOin 
ash. 

MgO  in 
bacilli. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

Parke,  Davis  and  Co.  origi- 

nal bacilli 

4.19 

47.88 

2.01 

Parke,  Davis  and  Co.  bacilli 

after  toluene  extraction. . 

5.44 

46.12 

2.49 

Mulford  Co.  original  bacilli. 

5.78 

39.66 

2.29 

7.16 

0,41 

8.52 

0.47 

Mulford    Co.    bacilli    after 

toluene   extraction 

9.41 
9.2 

17.60 

1,65 

1.16 

0.68 

constituents  agree  quite  well  with  those  obtained  by  previous 
investigators,  and  the  results  tend  to  confirm  the  conclusions 
already  made  that  no  definite  distinction  between  viruses  of  dif- 
ferent origin  can  be  established  lay  these  analytical  values.  The 
composition  of  the  ash  of  tubercle  bacilli  is  dependent  apparently 
upon  the  conditions  influencing  the  organisms  during  their  growth. 

Inorganic  Constituents  Extracted  by  Toluene. 

The  toluene  was  removed  from  the  fat  b.y  heating  the  extrac- 
tion solution  in  an  oil  bath  at  125°C.  when  a  \iscous  residue  was 

'  De  Schweinitz,  K,  A.,  and  Dorset,  M.,  J.  Am.  Chem.  Soc,  1895,  xvii, 
605;  1903,  xxv,  358. 

'  Final  report  of  the  Royal  Commission  for  Tuberculosis,  1913,  xl,  30. 
'  Goris,  A.,  and  Liot,  .\.,  Anti.  hist.  Pasteur,  1920,  xxxiv,  497. 
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obtained  which  partially  solidified  on  cooling.  This  product, 
representing  124.7  gm.  of  extracted  material,  dissolved  completelj' 
in  1,200  CO.  of  chloroform.  An  aliquot  part  of  the  latter  solution 
(20  CO.),  when  evaporated  and  heated  at  80°C.  in  a  vacumn,  yielded 
1.9853  gm.  of  a  dark-colored  viscous  product  resembling  crude 
molten  rvibbcr,  which  gave  after  incineration  0.0443  gm.  of  ash 
corresponding  to  2.23  per  cent  of  the  weight  of  material  destroyed. 
87  4()  per  cent  of  this  ash  was  composed  of  the  following  inorganic 
oxides:  PjOs,  54.58  per  cent;  CaO,  24.28  per  cent;  MgO,  8.70 
per  cent,  leaving  12.54  per  cent  to  be  accounted  for  in  the  form 
of  sodium  and  potassium  salts,  which  have  been  shown  to  be 
iioi-mal  constituents  of  tubercle  bacilli.  Earlier  investigators, 
who  have  studied  the  fat  extracts  of  tubercle  bacilli,  have  paid 
lilMe  attention  to  the  presence  of  inorganic  elements  with  the 
exception  of  phosphorus  and  nitrogen. 

Goris,"  for  example,  extracted  the  bacilli  with  acetone  and 
examined  the  ash  after  evaporation  and  incineration,  but  claimed 
tha(,  it  was  composed  chiefly  of  phosphorus.  The  fact  that  cal- 
cium and  magnesium  together  with  phosphorus  are  carried  into 
solution  with  fat  in  such  large  quantities  is  a  fact  of  considerable 
int,(!rest.  Whethcu-  the  alkali  earths  are  present  here  in  the  form 
of  salts  of  organic  acids,  or  result  from  incineration  of  nucleopro- 
tein  of  tubercle  bacilli  soluble  in  toluene  or  carried  in  colloidal 
suspension  remains  to  be  decided  by  further  research. 

Extmclion  of  Defatted  Tubercle  Bacilli  with  95  Per  Cent  Alcohol. 

To  determine  if  alcohol-soluble  material  is  present  in  tubercle 
bacilli  after  removal  of  fat  with  toluene  61  gm.  of  extracted  Parke, 
Davis  and  Co.  bacilli  were  digested  with  300  cc.  of  hot  95  per  cent 
alcohol  for  3  hours.  This  operation  was  repeated  three  times 
when  we  obtained  a  deep  red  solution.  After  filtering  and  drying 
the  residue  at  80°C.  in  a  partial  vacumn  we  recovered  56  gm.  of 
bacilli  showing  a  loss  of  8.2  per  cent.  This  residue  yielded  a 
colorless,  odorless  powder  when  pulverized  and  on  analysis  for 
inorganic  constituents  gave  the  following  values:  N,  9.61  percent; 
ash,  5.31  per  cent;  l\(.h  in  ash,  41.7  per  cent,  CaO  in  ash,  1.6  per 
cent;  MgO  in  ash,  7.57  per  cent. 

In  other  words,  inorganic  material  is  dissolved  by  extraction 
with  alcoliol  and  the  amount  of  PaOj  extracted  equals  about  83.75 
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per  cent  of  tlie  weight  of  ash  removed  or  5.8  per  cent  of  the  total 
loss  in  weight.  This  large  loss  in  phosphorus  liy  solution  in 
alcohol  indicates  removal  from  the  tubercle  bacilli  of  products  of 
the  nature  of  phosphatides.  This  alcohol  extract  deposited  a 
white  flocculent  precipitate  on  cooling,  and  a  similar  precipitation 
was  produced  by  diluting  the  alcohol  with  water.  It  will  he  of 
interest  to  learn  whether  alcohol-soluble  proteins  are  extracted 
from  tul^ercle  bacilli  by  this  treatment  and  just  as  soon  as  suffi- 
cient tubercle  bacilli  are  available  for  research  we  shall  investi- 
gate this  problem. 

Separation  of  Tuberculinic  Acid. 

The  material  used  for  the  preparation  of  nucleic  acid  (tubercu- 
linic acid)  was  the  dried  tubercle  bacilli  left  after  extraction  with 
toluene  as  described  above.  The  hydrolysis  of  the  nucleoprotcin 
was  effected  by  treatment  of  the  dried  bacilli  with  3  per  (;cnt 
aqueous  sodium  hydroxide  for  1  hour.  Several  preliminary 
experiments  showed  that  one  treatment  with  this  alkali  solution 
was  not  sufficient  to  remove  all  the  nucleic  acid,  and  we  fomid  it 
advisable  and  practical  to  apply  a  second  alkali  treatment  with 
5  per  cent  sodium  hydroxide  solution.  Our  tests  indicated  tliat 
this  removed  completely  the  nucleic  acid.  Lack  of  time  and  the 
small  amount  of  tubercle  bacilli  available  prevented  us  from 
studying  the  conditions  influencing  hydrolysis  as  carefully  as 
we  desired,  but  from  the  results  which  we  were  fortunate  in 
obtaining  it  can  be  said  that  the  j-ield  of  nucleic  acid  obtained  by 
us  was  about  1  per  cent  of  the  weight  of  the  original  tubcnde 
bacilli.  This  probably  does  not  represent  the  total  amount  of 
nucleic  acid  present,  and  if  more  is  contained  in  the  bacilli  it  is 
either  destroyed  by  the  treatment  with  alkali,  or  remains  in  the 
filtrate  after  precipitation  with  alcohol.  In  support  of  this  con- 
clusion is  our  observation  that  the  residue  left  after  alkali  hydrolj-- 
sis  gave  none  of  the  specific  tests  for  pyrimidines.  The  nucleic 
acid  (tuberculinic  acid)  was  obtained  in  the  form  of  a  light  grey 
powder.  It  was  not  subjected  to  fmther  purification  before  a 
hydrolysis  for  the  separation  and  identification  of  pyrimidines. 
Just  as  soon  as  it  is  possible  to  obtain  more  of  this  acid  it 
will  be  carefully  purified  and  submitted  to  a  complete  analysis. 
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Our  method  of  operating  for  the  preparation  of  this  nucleic  acid 
is  revealed  by  the  description  of  a  single  hydrolysis  experiment: 
100  gm.  of  dry,  defatted  tubercle  bacilli  arc  thoroughly  trit- 
urated in  a  large  mortar  with  1,600  cc.  of  water.  A  solution  of 
sodium  hydroxide  containing  60  gm.  of  NaOH  in  400  cc.  of  water 
is  then  added  and  tlu^  bacilli  are  thoroughly  ground  in  suspension 
for  1  hour.  This  grinding  is  absolutely  essential  in  order  to  break 
np  tlu>  cells  and  get  good  penetration  of  the  alkali  into  the  cellular 
structure.  After  1  hour  the  solution  is  made  distinctly  acid  with 
acetic  acid,  care  being  taken  to  stir  continuously  and  vigorously 
during  addition;  at  the  same  time  keeping  the  temperature  of  the 
solutit)n  below  20°C.  After  acidifying,  the  mixture  is  then  allowed 
to  stand,  generally  over  night,  and  finally  filtered  and  the  residue 
washed  carefully  with  water  containing  about  2  per  cent  of  acetic 
acid.     This  acid  filtrate  is  saved,  as  described  below. 

The  residue  of  bacilli  is  given  a  second  treatment  with  5  per 
cent  sotlium  hydroxide  solution  using  exactly  1,000  cc.  and  apply- 
ing the  trituration  treatment  at  ordinary  temperature  for  2  hours. 
Acetic  acid  is  then  added  as  before  and  the  filtrate  saved.  From 
the  100  gm.  of  dried  bacilli  we  recovered  84  gm.  of  insoluble 
material,  indicating  that  16  per  cent  of  the  original  baciUi  was 
extracted  by  the  alkali.  This  residue  contained  1.19  per  cent 
of  P..06  while  the  original  nucleoprotein  used  for  hydrolysis  con- 
tained 2.19  per  cent  of  P2O5.  Therefore,  only  45.66  per  cent  of 
the  jihosphorus  was  removed  by  alkali.  Since  this  residue  failed 
in  ever\-  one  of  our  hydrolysis  experiments  to  give  positive  tests 
for  pyiimidines,  we  concluded  that  the  extraction  of  nucleic 
acid  was  complete,  and  that  the  phosphorus  present  in  the  residue 
(54.34  per  cent)  is  held  in  the  form  of  other  combinations  beside 
nucleic  acid. 

Precipitation  of  Tuberculinic  Acid. 

The  acetic  acid  filtrate  obtained  from  the  hydroh-sis  of  the 
nucleoprotein  with  3  per  cent  alkali  is  diluted  with  concentrated 
hydrochloric  acid  until  a  slight  permanent  precipitate  is  produced, 
when  an  eciual  volume-  of  95  per  cent  alcohol  is  then  stirred  mto 
the  solution.  Care  should  be  taken  to  keep  the  mixture  cold 
during  this  op(<ration.  The  solution  is  then  allowed  to  stand  for 
several  hours  when  the  nucleic  acid  deposits  as  a  layer  or  amor- 
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phous  precipitate  on  the  bottom  of  the  precipitating  jar.  The 
clear  supernatant  H(iuid  is  easily  remcK-ed  by  decantation  and  the 
nucleic  acid  then  separated  by  centrifuging.  This  is  triturated 
with  50  per  cent  alcohol  antl  the  separation  made  again  by  means 
of  the  centrifuge.  After  repeating  this  operation  three  times 
using  80  per  cent,  95  per  cent,  and  anhydrous  alcohol,  respectively, 
a  product  was  obtained  which  was  considered  of  sufficient  purity 
for  hydrolysis.  The  acid  was  washed  with  ether  and  finally 
dried  in  a  vacuum  over  concentrated  sulfuric  acid.  The  filtrate 
obtained  after  the  second  alkali  treatment  with  5  per  cent  alkali 
was  worked  up  in  a  similar  manner  for  nucleic  acid,  but  the  yield 
from  this  fraction  was  very  small  in  every  case.  By  application 
of  the  above  procedure  to  436  gm.  of  fat-free  and  dried  tubercle 
bacilli  we  succeeded  in  isolating  7.7  gm.  of  tubercuUnic  acid. 
This  product  failed  to  respond  to  the  biuret  test  for  proteins  and 
gave  all  the  reactions  and  tests  which  are  characteristic  of  nucleic 
acids. 

Nitrogen  Distribution  in  the  Protein  of  Tubercle  Bacilli  after 
Removal  of  Nucleic  Acid. 

Analysis  was  made  according  to  the  method  of  Van  Slyke. 

g?n.  per  cent 

Total  nitrogen 0.56354        100.00 

Amide  nitrogen 0.0(3065  11.83 

Humin        "        0.02316  4.11 

Cystine      "        0.00710  1.26 

Arginine     "        0.05990  10.63 

Histidine   "       0.06470  11.48 

Lysine        "       0.02080  3.69 

Monoamino  nitrogen 0.26710  47. .39 

Non-amino         "       0.05265  9.34 

Tryptophane Present. 

Total  nitrogen  accounted  for 0.56206  99.73 

SUM\L\RY. 

1.  Tubercle  bacilli  (human  and  bovine)  have  been  carefully 
extracted  with  toluene  to  remove  fat  and  the  cellular  structure 
subjected  to  hydrolysis  at  ordinarj'-  temperature  with  3  per  cent 
sodium  hydroxide  to  separate  the  nucleic  acid. 
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2.  The  nucleic  acid  of  tubercle  bacilli  has  been  precipitated  by 
means  of  alcohol  and  7.7  gm.  obtained  which  failed  to  respond  to 
the  biuret  test  for  proteins. 

3.  This  specific  nucleic  acid  has  been  given  the  name,  tubercuhmc 

acid.  . 

4.  The  protein  residue  left  behind  after  removal  of  tubercuhmc 
acid  has  been  analyzed  according  to  the  method  of  Van  Slyke 
and  its  total  nitrogen  accounted  for. 


THE  PYRIMIDINES  CONTAINED  IN  TUBERCULINIC  ACID. 
THE  NUCLEIC  ACID  OF  TUBERCLE  BACILLI.* 

By  TREAT  B.  JOHNSOX  and  ELMER  B.  BROWN. 

(From  the  Department  of  Chemistry,  Yale  University,  New  Haven.) 

(Received  for  publication,  October  13,  1922.) 

A  careful  review  of  the  literature  of  tuberculosis  and  especially 
that  dealing  with  the  chemistry  of  tubercle  bacilli  has  revealed 
the  fact  that  we  have  not  at  present  an  accurate  knowledge  of  the 
constitution  of  the  pyrimidines  which  function  in  the  molecular 
structure  of  the  nucleic  acid  of  tubercle  bacilli.  Our  knowledge 
of  the  natm-e  of  the  sugar  content  of  this  organism  is  likewise 
equally  scanty,  while  in  the  case  of  the  purines  it  has  been  definitely 
established  that  the  normal  constituents  of  nucleic  acids,  guanine 
and  adenine,  are  present. 

Levene,'  while  working  with  defatted  tubercle  bacilli,  attempted 
to  isolate  the  pyrimidines  contained  in  that  organism,  but  the 
products  which  he  obtained  after  hydrolysis  were  so  impure  that 
it  was  impossible  for  him  to  decide  conclusively  as  to  their  exact 
constitution.  He  separated  from  his  pyrimidine  fractions  a 
nitrogenous  substance  which  gave  analytical  values  for  nitrogen 
intermediate  between  the  theoretical  values  for  thymine  and  uracil, 
•  and  he  concluded  that  he  was  dealing  with  a  mixtm-e  of  these  two 
compounds.  Levene  also  examined  his  solution  for  bases,  but 
was  unaljlo  to  draw  any  definite  conclusion  as  to  the  occurrence 
of  cytosine.  This  investigator,  as  well  as  all  others  who  have 
worked  in  this  field,  was  greatly  handicapped  in  his  research  by 
not  ha\ang  at  his  service  the  characteristic  color  tests,  which  have 
since  been  developed  for  the  detection  and  identification  of  uracil 
I,  thymine  II,  and  cytosine  III. 

*  This  paper  is  constructed  from  a  dissertation  which  was  presented  by 
Elmer  B.  Brown  in  June,  1922,  to  the  Faculty  of  the  Yale  Oraduate  School 
in  candidacy  for  the  degree  of  Doctor  of  Philosophj-. 

'  Levene,  P.  A.,  ./.  Med.  Rc^icarch.  1904,  xii,  251. 
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Other  investigators  have  reported  the  presence  of  thymine 
among  the  decomposition  products  of  tubercle  bacilli,  but  a  care- 
ful review  of  the  reports  of  their  researches  will  reveal  the  fact  that 
their  conclusions  are  not  supported  by  reliable  experimental  data. 
For  example,  Kitajima,-  who  separated  the  nucleic  acid  called 
"Tuberkelothymine  Saure,"  states  that  it  contained  the  pyi'imi- 
dine,  thymine,  or  a  similar  substance,  but  since  uracil  possesses 
many  properties  in  common  with  thymine  it  cannot  be  concluded 
from  his  experimental  evidence  which  one  of  these  two  pjTimidmes 
he  was  actually  dealing  with. 

In  our  preceding  paper,'  we  have  given  a  description  of  our 
method  of  separating  tuberculinic  acid  from  tubercle  bacilli, 
and  by  the  application  of  which  we  succeeded  in  obtaining  from  a 
mixture  of  human  and  bovine  tubercle  bacilli  7.7  gm.  of  this  acid 
for  further  investigation.  0.7  gm.  of  this  product  was  utilized 
in  making  certain  tests  to  assure  ourselves  that  we  actually  had 
in  hand  a  nucleic  acid.  The  remainder  (7  gm.)  was  subjected  to 
hydrolysis  and  a  complete  analysis  made  for  pyrimidines.  We 
now  find,  after  a  careful  examination  of  the  products  of  hydrolysis, 
that  this  nucleic  acid  (tuberculinic  acid)  is  characterized  by  the 
fact  that  it  contains  no  uracil.  The  only  pyrimidines  in  the  acid, 
for  which  we  were  able  to  obtain  positive  tests  and  succeeded  in 
isolating,  were  thymine  and  cytosine.  Both  of  these  two  pyrimi- 
dines were  obtained  in  sufficient  quantities  for  complete  purifica- 
tion and  analysis.  From  the  new  data  which  we  have  succeeded 
in  obtaining  we  may  conclude,  therefore,  that  tuberculinic  acid 
is  a  nucleic  acid  of  animal  origin,  thereby  establishing  the  natural 
group  to  which  the  unicellular  organism  tubercle  bacillus  is  to  be 

assigned. 

In  the  experimental  part  of  this  paper  is  given  a  complete  de- 
scription of  our  method  of  separating  the  pyrhnidines,  thymine 
and  cytosim,  from  tuberculinic  acid,  and  of  establishing  their 

2  Kitajima,  T.,  Mitt.  Med.  Ges.  Tokio,  1002,  xvi,  17. 

3  .Johnson,  T.  B.,  and  Brown,  E.  B.,  J.  Biol.  Chem.,  1922,  liv,  721. 
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idontity  by  characteristic  color  tests.     The  study  of  tuberculinic 
acid  will  be  continued  in  the  Sterling  Chemistry  Laboratory. 

EXPEHIMENTAI;    PART. 

Hydrolysis  of  Tuberculinic  Acid  with  Sulfuiic   Acid. 

7  gra.  of  tuberculinic  acid  from  tubercle  bacilli  were  dissolved 
in  a  mixture  of  42  cc.  of  water  and  14  cc.  of  concentrated  sulfuric 
acid.  The  solution  was  then  heated  in  an  oil  bath  at  12o°C. 
for  25  hours.  This  operation  was  conducted  in  a  round  bottom 
Pyrex  flask  which  was  connected  to  a  reflux  condenser.  After 
the  hydrolysis  was  completed  (25  hom-s)  500  cc.  of  water  were 
added  and  also  finely  pulverized  barium  hydroxide  until  the  re- 
sulting solution  became  distinctly  alkaline  towards  litmus.  The 
solution  was  then  filtered  and  the  precipitate  washed  thoroughly 
with  hot  water.  The  combined  filtrates  and  washings  were  then 
concentrated  under  diminished  pressure  to  a  volume  of  exactly 
250  cc,  and  this  finally  made  distinctly  acid  with  suhuric  acid 
and  then  filtered  to  remove  barimn  sulfate  and  probably  some 
guanine  sulfate. 

A  satm-ated  solution  of  silver  sulfate  (5  gm.)  was  then  added  to 
this  sulfuric  acid  solution,  when  a  volmninous,  chocolate-colored 
precipitate  was  obtained.  This  was  filtered  off  and  finally  thrown 
a^\ay  after  it  was  shown  by  tests  that  it  contained  no  pyrimidines. 
To  the  clear  filtrate  barimn  hydroxide  was  added  until  the  solu- 
tion remained  distinctly  alkaline,  when  a  voluminous  white  precipi- 
tate of  silver  salts  was  olitaincd.  After  thorough  cooling  of  the 
solution  this  salt  was  separated  with  the  centrifuge,  washed  again 
witli  water,  and  finally  separated  again  with  the  centrifuge. 

This  silver  salt  was  then  triturated  with  400  cc.  of  water,  acidi- 
fied with  5  cc.  of  concentrated  sulfuric  acid,  and  the  silver  removed 
as  sulfide  by  thorough  saturation  with  hj'drogcn  sulfide.  This 
operation  rcciuired  that  the  mixture  l)e  stirred  vigorously  during 
the  treatment  with  hydrogen  sulfide  in  order  to  break  up  all  lumps 
of  silver  salt  suspended  in  the  solution.  The  silver  sulfide  was 
removed  by  filtration  and  the  pr(>cipitate  given  a  second  treat- 
ment in  dilute  sulfuric  acid  solution  with  hydrogen  sulfide  at  40°, 
when  the  decomposition  of  silver  salt  s  of  pyrimidines  was  considered 
complete.     The  combined  filtrates  from  this  process  were  then 
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carefully  freed  from  sulfuric  acid  and  barium  and  finally  concen- 
trated on  a  steam  bath  to  a  volume  of  300  cc.  This  solution  was 
practically  colorless,  and  when  Wheeler  and  Johnson's^  color  test 
for  uracil  and  cytosine  was  applied  to  an  aliquot  part  of  5  cc;.  a 
strong  positive  test  for  these  pyrimidines  was  obtained. 

Precipitation  of  Cytosine  as  Phosphotung state. 

The  above  solution  containing  pyrimidines  was  first  concen- 
trated to  a  volume  of  150  ce.  and  then  acidified  with  1  cc.  of  con- 
centrated sulfuric  acid.  Phosphotungstic  acid  solution  was  then 
added  drop  by  drop  as  long  as  an  immediate  precipitate  was  pro- 
duced. We  were  very  careful  to  avoid  adding  a  large  excess  of 
this  reagent.  A  copious  white  precipitate  was  produced,  and 
after  filtering,  it  was  washed  with  a  small  volume  of  cold  water. 
The  filtrate  which  contained  thymine  was  saved,  as  described 
below. 

The  cytosine  was  liberated  from  the  phosphotungstic  acid  pre- 
cipitate by  suspending  the  latter  in  400  cc.  of  water  and  finally 
decomposing  it  with  an  excess  of  barium  hydroxide.  This  opera- 
tion is  facilitated  by  stirring  and  this  was  continued  for  about  3 
hours  to  break  up  thoroughly  all  lumps  of  salt.  The  precipitate 
was  then  filtered  off  and  the  excess  of  barium  removed  by  saturat- 
ing the  solution  with  carbon  dioxide.  When  the  clear  filtrate  was 
concentrated  to  a  very  small  volume  and  cooled,  cytosine  sepa- 
rated in  the  form  of  large  plates.  The  pyrunidine  was  filtered  off, 
washed  with  alcohol  and  ether,  and  finally  dried  in  a  vacuum  over 
sulfuric  acid.  The  yield  was  0.1035  gm.  This  base  gave  the 
characteristic  color  test  of  Wheeler  and  Johnson,"  and  an  analysis 
for  water  was  in  agreement  with  the  required  value  for  this  base. 

Water  determination.  0.1033  gm.  of  base  lo.st  .at  110°C.  0.0147  gm.  of 
water. 

CiHsONs.     Calculated.    H2O  14.07. 
Found.  "     14.23. 

Since  this  is  the  first  cytosine  to  be  separated  from  the  nucleic 
acid  of  tubercle  bacilli  the  specimen  has  been  preserved  for  future 
reference. 

<  Wheeler,  H.  L.,  and  Johnson,  T.  B.,  J.  Biol.  Chem.,  1907,  iii,  183. 
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Se'paration  and  Identification  of  Thymine. 

The  filtrate  left  after  precipitation  of  cytosine  with  phosphotimg- 
stic  acid  was  freed  from  this  reagent  by  precipitation  with  barium 
hydroxide,  the  excess  of  barium  removed  in  the  usual  manner  by 
saturating  the  fluid  with  carbon  dioxide  and  the  solution  then 
concentrated  to  a  volume  of  5  to  10  cc.  and  allowed  to  cool. 
Thymine  separated  in  the  form  of  clusters  of  foliated  crystals, 
possessing  a  mother  of  pearl  luster.  They  were  separated,  washed 
with  alcohol  and  ether,  and  then  dried  in  a  vacuum  over  concen- 
trated sulfuric  acid.     The  yield  was  0.0756  gm. 

Nitrogen  determination  (Kjeldahl). 

CsHBOaNj.    Calculated.     N  22.22. 
Found.  "  22.12. 

A  portion  of  tliis  thymine  and  an  aliquot  part  of  the  filtrate  from 
which  it  crystallized  were  tested  for  uracil  and  cytosine  by  applica- 
tion of  Wheeler  and  Johnson's  bromine  reaction.^  In  neither 
case  did  we  obtain  the  characteristic  color  test  for  these  pyrimi- 
dines,  thus  proving  that  neither  of  them  were  present  here  as 
impurities. 

Identification  of  Thymine  by  Means  of  Johnson  and   Baudisch's 

Color  Reaction. 

Johnson  and  Baudisch^  have  recently  shown  that  the  thymine 
molecule  can  be  destroyed  by  oxidation  with  air  in  the  presence  of 
ferrous  sulfate  and  acid  sodium  carbonate  with  cleavage  of  the 
ring  and  formation  of  pyruvic  acid,  acetole,  urea,  and  formic 
acid.  The  urea  is  easily  identified  by  precipitation  with  xanthy- 
droP  and  the  acetole  is  detected  by  the  characteristic  color  reac- 
tions which  are  developed  when  this  compound  is  allowed  to  in- 
teract in  alkali  solution  with  o-aminobcnzaldehyde.  This  leads 
to  the  formation  of  S-oxj-quinaldine  which  is  characterized  by 
its  brilliant  blue  fluorescence  in  allcaUne  solution.  These  reactions 
are  extremely  sensitive  and  serve  for  the  detection  of  thymine 
when  present  in  very  minute  quantities.     For  example,  0.004 

6  Johnson,  T.  B.,  and  Bau.lisch,  O.,  J.  Am.  Chem.  Soc,  1921,  xliii,  2670. 
«  Fosse,  R.,  Coinpt.  rend.  Acad.,  1907,  oxlv,  813;  Ann.  Inst.  Pasteur, 
191G,  XXX,  525,  673. 
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gin.  of  our  thymine  obtained  from  tubercle  bacilli  was  oxidized 
according  to  the  directions  of  Johnson  and  Baudisch,'  and  the 
distillate  tested  according  to  the  procedure  outlined  in  their 
original  paper.  The  characteristic  blue  fluorescence  of  3-oxyquinal- 
dine  was  easily  recognized,  and  was  greatly  intensified  when  viewed 
by  the  light  of  an  iron  arc.  The  residue  left  after  distilling  to 
remove  acetole  was  dissolved  in  50  per  cent  acetic  acid  and  the 
urea  precipitated  Avith  xanthydrol  when  0.0075  gm.  of  the  dixan- 
thyl-m-ea  was  obtained  melting  at  257°C.  The  result  shows  that 
52  per  cent  of  the  total  urea  theoretically  possible  of  formation  by 
destruction  of  the  th.ymine  used  was  obtained  in  the  form  of  the 
xanthydrol  derivative. 

It  is  a  fact  of  considerable  interest  to  the  writers  that  no 
uracil  was  produced  during  the  digestion  of  tuberculinic  acid  with 
sulfuric  acid  as  a  result  of  the  hydrolysis  of  cytosine.  Apparentlj' 
this  base  is  perfectly  stable  under  the  conditions  employed  in 
our  work,  and  the  result  obtained  leads  the  writers  to  believe  that 
wrong  conclusions  may  have  been  made  in  the  past  regarding  the 
origin  of  this  pyrimidine  in  several  of  the  products  examined.  It 
would  be  a  fact  of  considerable  interest  from  a  chemical  stand- 
point if  it  should  be  established  that  cytosine,  when  linked  in  the 
nucleic  acid  molecule,  is  more  resistant  to  the  action  of  mineral 
acids  than  when  in  the  free  condition  as  a  base. 

Examination  of  the  Nucleoprotein  of  Tubercle  Bacilli  for  Pyrimidines 
after  Hydrolysis  and  Separation  of  Xucleic  Acid. 

30  gm.  of  the  nucleoprotein,''  which  had  been  analyzed  according 
to  the  method  of  Van  Slyke,  were  subjected  to  an  intensive 
hydrolysis  with  33  per  cent  sulfuric  acid  by  digesting  for  30  hours 
at  130°C.  The  solution  was  then  diluted  to  800  cc.  with  water, 
filtered,  and  the  sulfuric  acid  removed  by  precipitation  as  barium 
sulfate.  The  excess  of  barium  was  then  precipitated  as  carbonate 
and  the  filtrate  concentrated  by  heating  in  a  vacuum  to  a  vokmie 
of  150  cc.  This  solution  was  then  acidified  with  nitric  acid  and 
5  gm.  of  silver  nitrate  were  dissolved  in  it.  A  precipitate  was 
formed  here  which  was  discarded,  as  silver  salts  of  the  pyrimidine 
are  not  precipitated  in  nitric  acid  solution.  The  usual  procedure 
was  then  applied  for  precipitating  the  pyrimidine  as  silver  salts 
in  alkaline  solution  and  the  resulting  silver  precipitate  separated 
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and  examined  for  pyrimidines.  It  was  first  treated  with  dilute 
hydrocliloric  acid  to  remove  silver  as  silver  chloride,  and  the  fil- 
trate then  concentrated  to  a  volume  of  10  cc.  One-half  of  this 
solution  was  concentrated  still  further  and  then  tested  for  uracil 
and  cytosine  according  to  the  method  of  Wheeler  and  Johnson.* 
We  obtained  no  indications  of  the  formation  of  a  purple  color 
proving  the  absence  of  uracil  and  cytosine.  The  remaining  5  cc. 
of  solution  were  treated  according  to  the  directions  of  Johnson 
and  Baudisch^  to  test  for  thymine  when  a  negative  result  was 
also  obtained.  In  other  words,  this  product  (nucleoprotein) 
was  entirely  free  from  nucleic  acid. 

SUMMARY. 

1.  Tuberculinic  acid,  the  nucleic  acid  of  tubercle  bacilli,  has 
been  submitted  to  acid  hydrolysis  by  digestion  with  sulfuric 
acid  and  an  analysis  made  for  pyrimidines.  Cytosine  and  thy- 
mine have  been  separated  and  identified. 

2.  Uracil  was  not  found  in  the  molecule  of  tuberculinic  acid. 


QUANTITATIVE  ASPECTS  OF  THE  ROLE  OF  VITAMINE  B 
IN  NUTRITION.* 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 
With  the  Cooperation  of  Helen  C.  Cannon. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Station 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry,  Yale 

University,  New  Haven.) 

(Received    for   publication,    October    20,    1922.) 

Students  of  the  vitamine  problem  seem  at  present  to  be  in 
accord  in  the  beUef  that  the  now  recognized  food  accessories  are 
not  synthesized  de  novo  by  the  higher  animals  but  are  derived 
from  their  food  supply.  Furthermore,  the  comparatively  rapid 
onset  of  symptoms  of  disorder  following  the  lack  of  vitamine  B 
in  the  diet  leads  to  the  conclusion  that  normal  animals  do  not 
possess  any  large  available  reserve  of  this  food  factor.  It  is  of 
obvious  importance  therefore  to  secure  a  quantitative  estimate  of 
the  actual  amounts  of  the  different  vitamines  requisite  for  the 
proper  physiologic  function  of  the  various  anunal  organisms  at 
all  stages  of  their  existence  and  under  the  different  conditions 
represented  by  unlike  age,  sex,  activity,  diet,  planes  of  metabolism, 
or  other  possible  modifying  circumstances. 

So  long  as  the  vitamines  remain  unidentified  as  chemical 
individuals  their  function  can  only  be  measured  in  terms  of  the 
naturally  occurring  products  or  their  derivatives  which  contain  the 
unidentified  essentials.  Furthermore,  it  is  clearly  established  that 
the  vitamine  potency  of  such  products  varies  in  different  specimens 
of  the  same  material  and  may  be  influenced  by  the  mode  of  pro- 
duction and  similar  biological  factors.  These  inevitable  facts  have 
made  it  difficult  to  secm-e  satisfactory  bases  for  comparisons 
involving  vitamine  dosage  or  potency. 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Washing- 
ton, D.  C. 
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There  is  no  longer  any  question  regarding  the  indispensability 
of  vitamine  B  for  the  adequate  nutrition  of  a  considerable  number 
of  species  of  laboratory  animals,  particularly  during  the  period  of 
growth.    The    widely    known    report    of    the    British    Medical 
Research  Committee^  is  responsible  for  the  statement  that  "the 
requirements  of  the  body  for  the  factor   [vitamine  B]  are  much 
greater  during  growth  than  during  maturity."     It  is  not  easy, 
however,  to  discover  experimental  evidences  in  proof  of  this  thesis. 
Perhaps  this  is  based  on  Drummond's  earlier  statement^  that  m 
the  ease  of  young  rats  the  withdrawal  of  vitamine  B  from  the 
dietary  is  almost  invariably  followed  by  an  immediate  cessation  of 
growth  succeeded  by  a  period  during  which  the  anmial  either 
maintains  a  constant  body  weight  or  shows  a  very  slow  decline 
until  the  sudden  terminal  change  resulting  in  death.     Drunmiond 
adds  that  "from  a  large  number  of  observations  it  has  been 
ascertained  that  the  period  of  maintenance,  which  follows  the 
restriction  and  precedes  the  final  decline,  is  roughly  proportional 
to  the  age  of  the  animal  when  the  restriction  is  imposed."     His 
further  statement  that  "adult  animals  are  able  to  live  for  con- 
siderable periods  without  receiving  a  supply  of  this  dietary  factor 
[vitamine  B]"    must  be  interpreted  in  the  light  of  his  added 
statement  that  "during  this  period  they  usually  show  a  slow 
decline  in  body-weight,  which  is  associated  at  a  later  stage  with  an 
enfeebled  resistance  to  disease.     The  ultimate  decUne  is,  however, 
inevitable."     A  somewhat  similar  view  is  recorded  in  the  British 
Report  when  it  states,  that  "adult  animals  show  a  very  gradual 
fall  in  body  weight  following  the  restriction  [removal  of  vitamine 
B],  but  sooner  or  later  both  young  and  old  subjects  suffer  a  rapid 
decline  which  invariably  terminates  fatally."     It  seems  scarcely 
justifiablo,  in  view  of  the  admitted  fact  that  rats  of  all  ages 
inevitably  decline  when  vitamine  B  is  omitted  from  their  diet,  to 
suggest  any  marked  difference  in  the  actual  need  of  this  vitamine 
on  the  basis  of  the  differences  in  the  rate  of  decline  shown  by 
anunals   possessing   undoubtedly   unlike   nutritive   reserves.     It 
seems  worth  whil(>  to  emphasize  this  criticism  in  view  of  the  fact 

'Report  on  the  present  state  of  knowledge  concerning  accessory  food 
factors  (vitumines),  Med.  Research  Com.,  Xat.  Health  Instirance,  Special 
Rep.  Series,  No.  38,  1919,  21. 

=  Drummond,  J.  C,  Biochem.  J.,  1918,  xii,  29. 
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that  published  statements  have  awakened  a  widespread  belief 
that  vitamine  B  is  essential  primarily  for  growth. 

The  problem  involved  can  be  investigated  experimentally. 
Many  of  the  earlier  studies  in  this  field  are  open  to  criticisms  in  the 
light  of  the  rapidly  increasing  knowledge  shed  upon  this  new 
field  of  research  during  the  past  few  years.  Consequently,  it  is 
unnecessary  to  present  an  elaborate  review  of  the  subject.  Fre- 
quently the  dietary  materials  used  were  not  demonstrated  to  be  as 
free  from  vitamine  B  as  the  investigations  strictly  required;  and 
further,  as  we  have  often  pointed  out,  the  earlier  methods  of  feeding 
have  been  such  as  to  leave  the  actual  intake  of  various  important 
factors  involved  in  the  questions  at  issue  uncertain  or  unde- 
termined. 

Evidence  has  not  been  lacking  that  the  amount  of  growth  of 
experimental  animals  on  otherwise  uniform  and  adequate  diets 
may  be  proportional  to  the  amoimt  of  vitamine  B-bearmg  products 
included  in  the  diet.  For  example,  in  1917  we  showed  that  in 
diets  in  which  varying  percentages  of  yeast  were  incorporated  as 
the  source  of  vitamine  B  in  otherwise  adequate  food  mixtures  the 
rate  of  growth  increased  up  to  a  certain  point  with  the  increasing 
content  of  the  yeast  component.'  A  recalculation  of  some  of  our 
earlier  data  so  as  to  show  the  absolute  daily  intake  of  yeast  in 
these  experiments  gives  data  which  also  are  in  harmony  with  the 
suggestion  that,  up  to  the  essential  minimvun,  growth  (and 
consequently  also  food  intake)  improves  with  the  increasing 
dosage  of  the  source  of  vitamine.  Similarly,  regarding  another 
source  of  vitamine  B,  McCollum''  notes  that  "rats  which  are  at  all 
depleted  with  respect  to  the  factor  B  do  not  recover  when  only  2 
per  cent  of  wheat  germ  is  present  in  the  ration.  They  do  recover 
from  a  condition  of  extreme  weakness,  and  partial  paralysis  on  our 
ration  \\-ith  the  extracted  germ  to  the  extent  of  but  3  per  cent." 
The  same  general  parallelism  of  improved  growth  with  increasing 
doses  of  vitamine  B  up  to  the  essential  minimum  or  optunmn  for 
normal  response  has  been  observed  in  our  studies  with  vitamine- 
bearing  fractions  of  yeast  extracts,  as  well  as  in  nmnerous  investi- 
gations on  the  effect  of  varying  dosage  of  plant  products  upon  the 

3  Osborne,  T.  B.,  and  Mendel,  L.  B.,  ./.  Biol.  Chcm.,  1917,  xxxi,  149. 
*  McCoUum,  E.  v.,  J.  Aio.  Med.  .t.s.sn.,  1917,  Ixviii,  1379. 
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growth  of  rats.^  The  facts  indicated  in  the  preceding  review 
could  doubtless  be  further  illustrated  by  reference  to  many 
individual  experiments  scattered  through  the  now  voluminous 
literature  on  vitamines. 

Some  time  ago  we  undertook  to  ascertain  the  actual  daily 
requirement  of  vitamine  B  for  rats  at  various  stages  of  their 
growth  through  the  period  of  adolescence  and  in  animals  of  widely 
unlike  size.  The  conditions  selected  w-ere  intended  to  be  more 
strictly  comparable  or  identical  with  respect  to  all  the  other 
dietary  factors  than  had  been  the  case  in  previous  investigations. 
These  studies  were  expected  to  furnish  conclusive  evidence  as  to 
whether  the  requirement  for  vitamine  B  actually  varies  with  the 
age  (and  size)  of  the  individual;  and  whether  there  is  a  wide 
variation  in  the  need  of  this  vitamine  among  different  animals  kept 
under  otherwise  comparable  hygienic  and  dietary  conditions.  It 
was  anticipated,  further,  that  such  a  study  might  throw  some  light 
on  the  possible  mode  of  action  of  the  vitamine ;  thus,  for  example, 
if  it  functions  in  somewhat  the  same  manner  as  enzymes  and 
related  catalysts  are  supposed  to  act,  a  definite  small  initial  dose 
might  serve  under  a  large  varietj'  of  conditions  to  initiate  a  chain 
of  events  or  chemical  reactions  of  widely  different  extent  which 
might  proceed  to  their  normal  conclusion  according  to  attendant 
circumstances  in  the  system  in  which  they  were  established.  On 
the  other  hand,  it  is  equally  conceivable  that  the  vitamine  may 
act  as  an  integral  chemical  component  of  biological  mechanisms — 
cells,  for  instance — in  w-hich  the  need  thereof  would  be  expressed 
quantitatively  by  increments  of  demand  proportional  to  the 
increase  in  the  structures  of  which  they  were  a  part — just  as  other 
"building  stones"  in  the  organism  which  are  indispensable  to  liv- 
ing cells  must  be  supplied  in  amounts  proportional  to  the  number 
of  cells  creating  the  structural  demand.  Or  again,  even  a  mere 
stimulant  like  a  drug  might  be  required  in  doses  proportional  to 
the  tissue  to  be  stimulated,  analogouslj^  to  what  one  finds  in  the 
domain  of  pharmacologj'.  Thus  a  dose  of  pilocarpin  which  will 
promote  secretion  in  a  small  animal  no  longer  suffices  in  a  much 
larger  individual.     This  well  known  fact  is  taken  into  account  in 

'Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1919,  xxxix,  29; 
1920,  xli,  451;  1920,  xlii,  465; ./.  Am.  Med.  Assyi.,  1922,  Ixxviii,  1121. 
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adjusting  the  dosage  of  medicinal  agents  for  persons  of  widely 
unlike  age  and  size. 

EXPERIMENTAL. 

In  the  present  feeding  experiments  on  white  rats  a  food  mixture 
consisting  of  casein  18,  starch  54,  lard  15,  butter  fat  9,  and  salt 
mixture"  4  per  cent,  and  demonstrated  as  the  result  of  many 
trials  to  promote  growth  to  fuU  adult  size  when  an  abundance  of 
vitamins  B  in  the  form  of  yeast  is  supplied,  represented  the 
"standard  food"  which  was  always  furnished  ad  libitum  along 
with  tap  water  to  the  animals.  The  vitamine  B  product  consisted, 
unless  otherwise  specified,  of  tablets  from  a  single  lot  of  dried 
brewery  j-east  which  has  been  used  in  our  laboratory  for  several 
years.  The  individual  tablets,  which  were  manufactured  in  our 
laboratory  showed  a  variation  of  not  more  than  ±  5  per  cent  from 
the  dosage  size  indicated  for  them.  The  yeast  was  fed  in  a 
separate  dish  and  almost  invariably  eaten  promptly  as  soon  as  it 
was  offered. 

The  plan  of  the  feeding  trials  consisted  in  continuing  the  same 
dosage  of  yeast  daily  over  a  period  of  1  year,  the  beginning  of 
such  a  dietary  regime  being  made  at  different  ages  (and  conse- 
ciuently  different  sizes),  with  anunals  previously  maintained  on 
the  mixed  diet  customarily  furnished  after  weaning  to  our  colony.' 
In  this  way  it  became  possible  to  ascertain  not  only  what  doses  of 
vitamine-bearing  supplement  were  required  at  different  ages  until 
adult  size  was  reached,  but  also  whether  a  more  or  less  prolonged 
preliminary  period  of  less  "artificial"  feeding  on  food  mixtures 
which  have  been  demonstrated  to  be  adequate  in  every  respect  for 
the  nutritive  well  being  of  the  rat  would  alter  the  subsequent 
vitamine  requirement.  Not  less  than  five  rats  (usually  males) 
were  employed  in  each  test;  and  thej'  were  kept  in  individual 
cages.  At  the  end  of  the  year  on  unchanged  diet  (or  earlier  if 
serious  decUne  in  weight  had  intervened)  the  dosage  of  yeast  was 
increased  in  a  considerable  number  of  cases  in  order  to  ascertain 
whether  still  greater  increments  of  weight  could  be  secured  on  the 
standard  diet  employed.  The  results  are  summarized  in  graphic 
form  in  Charts  1  and  2  which  show  the  changes  in  body  weight 

6  Osborne,  T.  B.,  and  Mendel^  L.  H.,  J.  Biol.  Chem.,  1919,  xxxvii,  572. 
'  Ferry,  E.  L.,  J.  Lab.  and  Clin.  Med.,  1919-20,  v,  735. 
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during  the  year  of  the  fixed  diet.  Attention  is  directed  to  the  fact 
that  the  feeding  trials  of  successive  groups  on  the  same  yeast 
dosage  were  begun  when  the  animals  had  reached  approximately 
40,  70,  150,  and  240  gm.,  respectively,  of  body  weight. 

Limitations  of  space  do  not  permit  the  recording  here  of  the 
enormous  number  of  data  furnished  by  these  laborious  tests.  In 
examining  the  charts  it  should  be  borne  in  mind  that  the  average 
adult  size  for  male  rats  in  our  colony  approximates  300  to  350  gm.; 
adult  size  beyond  which  little  or  at  best  slow  increments  of  weight 
occur  being  reached  at  the  age  of  240  to  300  days. 

With  these  facts  in  mind  it  will  be  noted  that  in  Groups  1,  2,  3,  and 
4,  of  Series  A,  in  which  200  mg.  of  dry  yeast  were  suppUed  daily  to 
each  rat,  the  animals  with  few  exceptions  reached  the  average  adult 
size  within  the  average  normal  time.  The  occasional  death  of  a 
rat  among  the  large  number  investigated  need  not  militate 
against  the  significance  of  the  general  outcome  of  the  experiments. 
The  apparent  tendency,  in  all  of  the  series,  for  the  rats  started 
later  on  the  "artificial"  diet  to  grow  somewhat  larger  than  those 
which  began  to  receive  the  standard  food  plus  yeast  at  an  early 
age,  presumably  is  due  to  the  differences  in  age  at  the  end  of  the 
various  feeding  periods  in  the  groups.  Our  stock  rats  tend  to 
show  a  slow  but  steady  increment  of  weight  even  long  after  the  end 
of  the  first  year  of  life.  Whether  this  age  factor  is  sufficient  to 
account  for  this  phenomenon  we  are  unable  to  state  at  the  present 
time.  It  will  be  noted  also  that  the  growth  of  an  occasional 
animal  such  as  one  in  Series  A,  Group  3,  and  one  in  Series  B, 
Group  3,  tended  to  exceed  that  of  its  mates,  suggesting  either 
unusually  low  vitamine  requirement  or  exceptional  capacity  for 
growth  in  individual  animals.  On  the  whole,  however,  the 
results  are  remarkably  concordant  when  the  severe  conditions  of 
the  experiment — long  periods  of  confinement  in  small  cages  with- 
out exercise,  and  without  change  of  the  "purified"  diet — and  also 
the  fact  that  the  rate  of  growth  and  ultimate  maxinuun  size  of  our 
stock  animals  varies  quite  as  widely,  are  borne  in  mind. 

It  will  be  seen  at  once  that,  although  the  daily  dosage  of  200  mg. 
of  our  yeast  seems  to  suffice  as  a  source  of  vitamine  B  to  facilitate 
average  growth  at  all  periods  until  adult  sizo  is  reached,  the  out- 
come with  100  mg.  (Series  B),  particularly  after  the  animals 
attain  a  weight  of  200  gm.,  tends  to  be  less  satisfactory.     When  the 
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daily  dosage  is  still  smaller  (50  mg.  in  Series  C;  25  mg.  in  Series  D), 
the  rate  of  growth  is  more  or  less  retarded  from  the  very  beginning 
of  the  experiments.     In  the  case  of  the  larger  animals  in  Series  D 
25  mg.  of  yeast  per  day  failed  in  every  instance  to  secure  even 
maintenance  of  body  weight  for  any  length  of  time,  although  all 
of  the  animals  recovered  their  weight  and  began  to  grow  when  the 
vitamine  B  intake  was  augmented.     Even  with  somewhat  smaller 
animals  on  the  lowest  dosage  not  only  was  no  long  continued 
growth  secured  but  maintenance  became  somewhat  difficult. 
■  Obviously,  when  the  daily  intake  of  yeast  remains  unchanged 
while  an  animal  is  rapidly  altering  its  body  weight  the  dosage  of 
vitamine  estimated  on  the  basis  of  any  acceptable  "unit, "  whether 
it  be  in  terms  of  weight,  stature,  or  surface  area,  will  become  pro- 
gressively altered.     It  is  instructive,  therefore,  to  attempt  an 
estimate  of  the  actual  dosage  in  our  numerous  experiments  under 
strictly  comparable  conditions  in  terms  of  one  of  these  "units." 
For  purpose  of  illustration  we  have  selected  100  gm.  body  weight 
in  such  calculations.     Estimated  on  this  basis,  which  is  admittedly 
open  to  theoretical  objections  just  as  are  the  other  various  units 
which  have  been  proposed  for  the  record  of  basal  metabolism,  it 
appears,  broadly  speaking,  as  if  the  vitamine  B  requirement  in  the 
case  of  the  rat  under  conditions  of  growth  or  maintenance  upon  a 
food  of  constant  qualitative  and  quantitative  make-up  bears  some 
quantitative  relationship  to  the  mass  of  active  tissue.     Under  the 
conditions  of  our  experiment  the  daily  requisite  per  100  gm.  of 
body  weight  seemed  to  approximate  what  is  contained  in  50  to 
60  mg.  of  our  dry  yeast.    This  conclusion  is  reached  by  observing 
the  weight  of  the  animals  for  which  maintenance  is  cither  barely 
possible,  or  no  longer  satisfactory,  in  the  numerous  individual 
experiments  on  the  varied  fixed  daily  doses  of  yeast.     Table  I, 
which  receives  its  justification  from  our  statistics  and  a  study  of 
Charts  1  and  2,  smnmarizes  some  of  the  data  applicable  to  the 
problem. 

It  should  perhaps  be  specifically  noted  that  a  number  of  the 
larger  animals,  such  as  those  in  Series  B  for  example,  showed  a 
satisfactory  maintenance  and  sometimes  even  slow  increments  m 
weight  on  a  daily  yeast  dosage  which,  calcidated  in  terms  of  100 
gm.  body  weight  units,  was  considerably  less  than  50  mg.,  the 
quantity  which  we  have  judged  to  be  the  approximate  requirement 
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under  the  conditions  noted.  Similar  observations  have  been 
made  in  the  case  of  a  number  of  larger  and  older  rats  which  were 
made  to  depend  upon  vitamine  B  dosage  somewhat  lower  than 
that  calculated  on  the  50  mg.  per  100  gm.  weight  basis.  It  seems 
not  unlikely  that  this  outcome  is,  strictly  speaking,  not  funda- 
mentally in  conflict  with  the  dosage  principle  enunciated;  for  it 
may  be  that  the  larger  anunals  are  comparatively  rich  in  fat  so 
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Chart  3. 

that  the  actual  amount  of  the  active  tissues,  with  which  the  vita- 
mine need  is  assumed  to  be  correlated,  is  far  smaller  than  the 
total  body  weight  indicates.  A  somewhat  similar  situation  has 
be(m  found  with  respect  to  the  so  called  creatinine  coefficient 
in  man.  The  endogenous  urinary  output  of  this  substance  in 
general  bears  a  fairly  constant  relation  to  the  size  of  the  individual 
as  expressed  by  body  weight;  an  exception  has  repeatedly  been 
found,  however,  in  the  case  of  corpulent  individuals  in  whom  the 
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coefficient  is  low  in  proportion  to  the  estimated  preponderance  of 
inactive  adipose  tissue. 

One  further  iUustration  of  the  d(<pendence  of  the  rate  of  growth, 
under  otherwise  comparal)le  dietary  and  environmental  conditions, 
upon  the  vitamine  dosage  is  presented  in  Chart  3.     This  shows 
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the  differences  in  the  rate  of  growth  of  six  annuals  from  the  same 
litter,  each  of  which  was  put  upon  our  standard  casein  diet  when 
it  reached  a  size  reiiresented  liy  100  gm.  of  body  weight,  the 
variable  being  the  daily  dosage  of  yeast.  The  graphic  results  are 
self-explanatory. 

The  evidence  for  a  coi'relation  lietwcen  the  size  of  the  animal 
and  its  vitamine  B  requirement  for  securing  the  expected  nutriti\e 
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condition  {i.e.  growth  or  maintenance  according  to  the  size  and 
age  of  the  animal)  has  been  corroborated  by  feeding  experiments 
in  which  more  concentrated  preparations  of  vitamine  have  been 
employed.  Thus,  using  the  yeast  concentrate  described  by 
Osborne  and  Wakcman*  as  the  vitamine  B  supplement  to  our 
standard  food,  growth  usually  stopped  when  rats  reached  a  size 
somewhat  less  than  200  gm.  in  body  weight  on  a  daily  dose  of  40 
mg.  of  concentrate.  Growth  was  promptly  resumed  when  the 
dose  was  increased.  Some  of  these  effects  are  illustrated  in  Chart 
4.  It  is  little  short  of  surprising  to  see  how  the  seemingly  small 
variations  in  the  intake  of  a  product,  which  at  best  must  be  com- 
posed in  large  part  of  extraneous  matter  other  than  the  vitamine 
per  se,  are  attended  by  corresponding  changes  in  the  body  weight 
of  the  animals.  When  the  smaller  doses  are  fed  to  larger  animals 
a  decline  in  weight  ensues;  with  intermediate  doses  there  may  be 
maintenance  at  various  levels  of  body  weight;  with  the  larger 
intake  for  the  smaller  animals  growth  ensues. 

In  the  experiments  here  recorded  the  qualitative  and  quantita- 
tive composition  of  the  basal  food  mixture  has  been  kept  un- 
changed. The  experiments,  therefore,  throw  no  direct  light  upon 
the  question  as  to  whether  the  make-up  of  the  food  intake  has  a 
direct  bearing  upon  the  requirement  for  vitamine  B.  It  has  been 
claimed,  for  example,  that  by  increasing  the  protein  intake  the  need 
of  the  vitamine  may  be  duninished  in  comparison  with  what 
pertains  on  tliets  low  in  protein  and  very  rich  in  carbohydrate.' 
Such  observations  as  we  have  made  incidentally  in  other  investi- 
gations have  not  given  any  support  to  this  contention. 

The  recent  studies  of  Cowgill'"  on  dogs  in  the  laboratory  of  one 
of  us  furnish  added  evidence,  in  connection  with  another  species  of 
animal,  of  a  quantitative  relationship  between  the  requirement  of 
vitamine  B  and  the  size  of  the  animal. 

8  Osborne,  T.  B.,  and  Wakeman,  A.  J.,  J.  Biol.  Chem.,  1919,  xl,  383. 

9  Funk,  C,  and  Dubin,  H.  E.,  Science,  1920,  lii,  447. 
>'  Cowgill,  unpublished  data. 


STUDIES  IN  INORGANIC  METABOLISM. 

IV.  THE  INFLUENCE  OF  YEAST  AND  BUTTER  FAT  UPON  MAG- 
NESIUM AND  PHOSPHORUS  ASSIMILATION. 

By  L.  jean  BOGERT  and  RUTH  K.  TRAIL. 

{From  the  Department  oj  Food  Economics  and  Nutrition,  Kansas  Stale 
Agricultural  College,  Manhattan.) 

(Received  for  publication,  October  23,  1922.) 

In  recently  published  metabolism  experiments  on  normal 
women,  a  noticeable  lowering  of  the  total  calcium  excretion  and  a 
correspondingly  favorable  influence  upon  the  calcium  balances 
were  observed  during  the  periods  when  either  yeast  or  butter  fat 
were  added  to  a  basal  diet  very  poor  in  vitamines.  In  view  of 
these  facts,  which  suggest  some  relation  between  the  vitamine 
content  of  the  diet  and  the  assimilation  of  calciimi,  it  was  con- 
sidered of  interest  to  follow  the  magnesium  and  phosphorus 
metabolism  of  these  subjects  during  the  same  interval,  in  order  to 
see  whether  the  yeast  or  butter  fat  exerted  any  similar  influence 
simultaneously  upon  the  metabolism  of  other  inorganic  con- 
stituents of  the  diet. 

The  phosphorus  and  magnesium  content  of  the  foods  (given  in 
Table  I)  were  determined  at  the  time  of  the  experiment,  using  the 
same  samples  of  food  upon  which  the  calcium  determinations  were 
made.'  For  details  as  to  experimental  procedure  see  the  first 
paper  of  this  series-  and  the  paper  which  contains  the  data  con- 
cerning the  influence  of  yeast  and  butter  fat  upon  calcium  assimi- 
lation.^ For  convenience  in  comparison,  however,  the  final  data 
on  calcium  balances  are  included  in  Tables  IV  and  V. 

'  These  analyses  were  done  at  tlie  Agricultural  Experiment  Station  of 
the  Kansas  State  Agricultural  College,  according  to  the  official  methods  of 
analysis  of  the  Association  of  Agricultural  Chemists.  The  same  methods 
were  used  in  the  analysis  of  the  excreta. 

2  Bogert,  L.  J.,  and  McKittrick,  E.  J.,  J.  Biol.  Chem.,  1922,  liv,  363. 

'  Bogert,  L.  J.,  and  Trail,  R.  K.,  J.  Biol.  Chem.,  1922,  liv,  387. 
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Tabic  II  shows  the  diet  of  the  subjects,  and  also  their  daily- 
intake  of  magnesium  and  phosphorus,  during  Periods  I  and  III. 
This  diet  was  planned  so  as  to  be  very  low  in  vitamines.  The 
lean  beef  was  dissected  free  from  fat  and  the  vegetable  fat  used 
was  pure,  filtered  fat  separated  by  siphoning  from  commercial 
nut  margarine,  melted  at  40-45°C.     Dried  skimmed  milk  (Klim) 

T.iBLE  I. 
Composition  of  Foods. 


Food. 


Beef 

Skimmed  milk 

Bread 

Rice 

Yeast 


Magnesium. 

Phosphorus. 

per  ce7it 

per  cent 

0.028 

0.214 

0.017 

0.092 

0.030 

0.088 

0.035 

0.091 

0.044 

0.285 

T.\BLE  II. 
Basal    Diets   for    Subjects. 


Subjects  I  and  J.* 

Subjects  J  and  K.f 

Amount. 

Mg 

p 

.\mount. 

Mg 

P 

Beef 

200 

250 

250 

100 

72 

75 

10 

am. 

0.056 
0.042 
0.075 
0.035 

grti. 

0.428 
0.230 
0.220 
0.091 

gm. 

200 

200 

250 

100 

50 

50 

10 

am. 
0.056 
0.034 
0.075 
0.035 

gm. 

0.428 

Skimmed  milk 

Bread  (white) 

Rice 

0.184 
0.220 
0.091 

Vegetable  fat 

Starch 

Daily  intake 

0.208 

0.969 

0.200 

0.923 

*  This  diet  furnished  2,391  calories,  82  gm.  of  protein,  92  gm.  of  fat,  and 
0.395  gm.  of  c.alcimn.  The  yeast  taken  in  Period  II  added  0.037  gm.  of 
magnesium  and  0.239  gm.  of  phosphorus,  as  well  as  3.9  gm.  of  protein  and 
0.023  gm.  of  calcium.  During  Period  IV,  72  gm.  of  butter  fat  were  sub- 
stituted for  the  vegetable  fat  in  the  basal  diet. 

t  This  diet  furnished  2,074  calorics,  81  gm.  of  protein,  70  gm.  of  fat,  and 
0.341  gm.  of  calcium.  The  yeast  taken  in  Period  II  added  0.037  gm.  of 
magnesium  and  0.239  gm.  of  phosphorus,  as  well  as  3.9  gm.  of  protein  and 
0.023  gm.  of  calcium.  During  Period  IV,  50  gm.  of  butter  fat  were  sub- 
stituted for  the  vegetable  fat  in  the  basal  diet. 
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was  used  and  its  vitamine  content  further  reduced  by  cooking  with 
rice  in  a  pressure  cooker.  During  Period  II,  six  cakes  of  com- 
pressed yeast  were  consumed  liy  each  subject  daily,  in  addition 
to  the  basal  diet  shown  in  Table  II,  while  in  Period  IV,  an  equal 
weight  of  butter  fat,  similarly  purified,  was  substituted  for  the 
vegetable  fat  taken  during  the  other  three  periods. 

TABLE  III. 

Magnesium  and  Phosphorus  Excretion. 


Period. 

Magnesium. 

Phosphorus. 

Subject. 

Urine. 

Feces. 

To- 
tal. 

Urine. 

Feces. 

To- 
tal. 

gm. 

per 
cent 

om. 

per 
cent 

gm. 

fftn. 

per 
cent 

gm. 

per 
cent 

gm. 

I 

I 

0.250 

27 

0.669 

73 

0.919 

1.9'tO 

59 

1.332 

41 

3.272 

II 

0.215 

30 

0.508 

70 

0.723 

1.646 

51 

1.556 

49 

3.202 

III 

0.202 

28 

0  526 

72 

0.728 

1.884 

52 

1.701 

48 

3.585 

IV 

0.234 

36 

0.415 

64 

0.649 

2.035 

66 

1.034 

34 

3.069 

J 

I 

0.241 

35 

0.450 

65 

0.691 

1.945 

59 

1.356 

41 

3.301 

11 

0.221 

24 

0.706 

76 

0.927 

1.859 

47 

2.056 

53 

3.915 

III 

0.233 

33 

0.477 

67 

0.710 

2.082 

61 

1.339 

39 

3.421 

IV 

0.217 

35 

0.398 

65 

0.615 

2.138 

66 

1.093 

34 

3.231 

K 

I 

II 

0.625 

60 

0.419 

40 

1.044 

2.219 

71 

0.875 

29 

3.094 

III 

0.250 

29 

0.620 

71 

0.870 

2.453 

63 

1.464 

37 

3.917 

IV 

0.299 

41 

0.426 

59 

0.725 

2.681 

75 

0.896 

25 

3.577 

L 

I 

0.220 

42 

0.300 

58 

0.520 

1.586 

67 

0.766 

33 

2.352 

II 

0.194 

31 

0.429 

69 

0.623 

1.905 

63 

1.104 

37 

3.009 

III 

0.275 

26 

0.802 

74 

1.077 

1.670 

49 

1.758 

51 

3.428 

IV 

0.217 

32 

0.463 

68 

0.680 

2.245 

70 

0.957 

30 

3.202 

The  amounts  of  magnesiimi  and  phosphorus  excreted  by  the 
different  subjects  dining  the  fom-  4  day  periods  are  recorded  in 
Table  III.  The  urinary  magnesium  was  very  constant,  in  prac- 
tically every  instance  falling  between  0.050  and  0.075  gm.  per  day. 
The  urinary  phosphorus  ranged  from  0.396  to  0.670  gm.  per  day. 
The  phosphorus  excretion  shows  greater  variations,  not  only  in  the 
actual  amoimts  excreted  in  the  urine  but  also  in  the  distribution 
of  the  total  output  between  the  urine  and  the  feces,  than  are  found 
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in  either  the  magnesium  or  calcium  excretion.  It  should  be  noted, 
however,  that  the  larger  amounts  of  phosphorus  metabolized 
render  these  fluctuations  proportionally  less  important. 

The  average  percentage  of  the  magnesium  output  excreted  by 
way  of  the  urine  was  34  per  cent  (range  24  to  60  per  cent) .  It  is 
interesting  to  observe  that  the  luinary  magnesium  formed  about 
the  same  proportion  of  the  total  output  in  these  four  subjects  as 
did  the  urinary  calcium,'  which  averaged  37  per  cent  (range  24  to 
54  per  cent)  of  the  total  calcium  excretion.  On  the  other  hand, 
a  much  larger  relative  amount  of  the  phosphorus  excreted  was 
found  in  the  urine  (average  61  per  cent,  range  47  to  75  per  cent). 

Urinary  calcium  was  decidedly  greater  than  urinary  magnesium. 
The  ratio  tended  to  be  fairly  constant  for  each  subject,  usually 
falling  between  1:2  and  1:3.  In  only  one  case  was  urinary 
magnesium  greater  than  calcium  (Subject  K,  Period  I),  and  in 
this  instance  the  ratio  was  practically  1:1.  In  every  case  the 
fecal  magnesium  and  total  magnesium  excretion  were  much  less 
than  the  corresponding  figures  for  calcimn,  the  ratio  being  quite 
consistently  about  1 : 2  to  1:2.5. 

There  seems  to  have  been  no  noticeable  or  consistent  effect 
produced  upon  the  urinary  magnesium  or  phosphorus  by  the 
yeast  added  to  the  diet  in  Period  II,  and  the  urinary  magnesium 
also  seems  to  have  been  unaffected  by  the  substitution  of  butter 
fat  for  vegetable  fat  in  the  diet  during  Period  IV.  The  urinary 
phosphorus,  however,  was  increased  in  every  case  in  Period  IV, 
when  a  decrease  in  fecal  phosphorus  also  occm-red.  This  increase 
in  the  percentage  of  the  phosphorus  output  excreted  by  way  of 
the  urine  might  be  interpreted  as  indicative  of  an  improved 
absorption  of  phosphorus  from  the  intestine  during  Period  IV, 
when  butter  fat  was  taken. 

Both  the  fecal  excretion  and  the  total  excretion  of  magnesium 
and  phosphorus  were  increased  in  two  subjects  during  Period  II, 
which  may  be  attributed  chiefly  to  the  appreciable  amounts  of 
these  elements,  especially  phosphorus,  contained  in  the  yeast 
added  to  the  diet.  However,  a  tendency  to  excrete  a  smaller 
proportion  of  the  intake,  which  was  noted  in  the  case  of  the 
calcium  metabolism,  is  again  apparent,  so  that  the  net  result  is  an 
improved  balance  in  every  case  but  one  (Subject  J,  magnesium 
balance).     In  the  third  subject  (Subject  I),  the  tendency  toward 
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lowered  excretion  more  than  compensated  for  the  increased  intake 
of  magnesium  and  phosphorus  during  Period  II,  with  a  resulting 
diminution  in  both  the  fecal  and  the  total  excretion  of  these  ele- 
ments. It  is  regrettable  that  it  was  impossible  to  follow  the 
magnesium  and  phosphorus  metabolism  of  Subject  K  during 
Period  II,  since  all  of  the  feces  from  this  period  had  been  used  in 
making  the  calcimn  determinations.  However,  since  this  subject 
showed  the  typical  decrease  in  excretion  and  favorable  influence  . 
upon  the  balances  of  all  three  of  these  elements  in  Period  IV,  and 
since  the  magnesium  and  phosphorus  metabolism  were  closely 
parallel  to  that  of  the  calcium  throughout  the  other  three  periods, 
it  is  probable  that  the  phosphorus  and  magnesium  balances  would 
have  shown  the  same  improvement  exhibited  by  the  calcium 
balance  for  this  subject  in  Period  II. 

Alterations  in  the  fecal  excretion  and  total  excretion  of  magne^ 
slum  and  phosphorus  were  more  apparent  and  more  uniform 
during  Period  IV.  The  inorganic  intake  was  not  affected  by  the 
substitution  of  butter  fat  for  the  vegetable  fat.  In  all  four  of  the 
subjects  studied,  both  the  magnesiiun  and  phosphorus  excreted 
in  the  feces  and  the  total  output  of  these  elements  were  distinctly 
lowered  during  Period  IV. 

The  effects  of  the  changes  in  the  diet  in  Periods  II  and  IV  ai-e 
best  seen,  however,  by  inspection  of  the  magnesium  and  phos- 
phorus balances.  These  effects  are  not  only  of  sufficient  magni- 
tude and  uniformity  as  to  be  unmistakable,  but  they  are  exactly 
parallel  to  the  effects  upon  the  calciimi  balances  of  these  subjects 
observed  earlier.  The  intake,  output,  and  balances,  for  the 
various  periods  are  recorded  in  Table  IV,  while  the  average 
daily  balances  are  shown  in  Table  V.  The  corresponding  figures 
for  calcium  metabolism  are  included  for  comparison.  During 
Periods  II  and  IV,  there  was  an  improvement  in  the  balances  of 
both  magnesium  and  phosphorus  over  those  of  the  preceding 
periods  in  every  case  but  one.  This  usually  took  the  form  of 
increased  positive  balances.  The  phosphorus  balances  were  all 
positive  except  that  of  Subject  K,  Period  III.  The  magnesium 
balances  were  negative  in  only  four  instances  (Period  I,  Subjects  I 
andK;  Period  III,  Subjects  K  and  L).  Wlienever  negative  balances 
occurred,  the  subjects  were  on  the  basal  diet,  and  these  negative 
balances  were  converted  to  positive  ones  upon  the  addition  of 
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yeast  or  butter  fat  to  the  diet  in  the  experimental  periods.  The 
calcium  balances  were  all  negative  on  the  basal  diet  and  the 
improvement  noted  upon  the  introduction  of  yeast  or  butter 
fat  into  the  diet  usually  consisted  in  a  distinct  lowering  of  negative 
balances,  but  in  thi-ee  cases  the  influence  was  sufficient  to  throw 
the  subject  into  positive  calcium  equilibrium.  The  prompt 
return  of  each  of  the  subjects  to  the  less  favorable  balances  of 

T.\BLE  IV. 
Calcium,   Magnc>>ium,   and   Phosphorus  Balances   bij   Periods. 


Period. 

Calcium. 

Magnesium. 

Phosphorus. 

Sijbjcct. 

In- 
take. 

Out- 
put. 

Balance. 

In- 
take. 

Out- 
put. 

gm. 

Balance. 

In- 
take. 

Out- 
put. 

gm. 

Balance. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

.  1 

I 

1.580 

2.059 

-0.479 

0.832 

0.919 

-0.087 

3.876 

3.272 

+0.604 

II 

1 ,  672 

1.707 

-0.035 

0.980 

0.723 

+0.257 

4.832 

3.202 

+  1.630 

III 

1..5S0 

1.806 

-0.226 

0.832 

0.728 

+0.104 

3.876 

3.585 

+0.291 

IV 

1.580 

1.584 

-0.004 

0.832 

0.649 

+0.183 

3.876 

3.009 

+0.807 

J 

I 

1.5S0 

1.719 

-0.139 

0.832 

0.691 

+0.141 

3.876 

3.301 

+0.575 

II 

1.672 

1.784 

-0.112 

0.980 

0.927 

+0.053 

4.832 

3.915 

+0.917 

111 

1.580 

1.662 

-0.082 

0.832 

0.710 

+0.122 

3.876 

3.421 

+0.455 

IV 

1.580 

1.515 

-j-0.065 

0.832 

0.615 

+0.217 

3.876 

3.231 

+0.645 

K 

I 
II 

1.364 
1.460 

1.588 
1.295 

-0.224 
+0.165 

0.800 

1.044 

-0.244 

3.692 

3.094 

+0.598 

III 

1.364 

1.822 

-0.458 

0.800 

0.870 

-0.070 

3.692 

3.917 

-0.225 

IV 

1.364 

1.605 

-0.241 

0.800 

0.725 

+0.075 

3.692 

3.577 

+0.115 

L 

I 

1 .  304 

1.415 

-0.051 

0.800 

0.520 

+0.280 

3.692 

2.352 

+1.340 

II 

1.460 

1.383 

+0.077 

0.948 

0.623 

+0.325 

4.048 

3.009 

+  1.639 

III 

1.364 

1.700 

-0.336 

0.800 

1.077 

-0.277 

3.692 

3.42<S 

+0.264 

IV 

1.364 

1.415 

-0.051 

0.800 

0.680 

+0.120 

3.692 

3.202 

+0.490 

all  three  elements  in  Period  III  is  also  noteworthy.  The  only 
instance  where  the  balance  was  not  favorably  influenced  by  the 
addition  of  yeast  or  butter  fat  is  in  Period  II,  Subject  J,  where 
neither  the  magnesium  nor  calcium  balances  responded  favorably, 
although  the  phosphorus  balance  was  increased  as  in  the  other 
subjects. 

The  parallel  course  of  the  calcium,  magnesium,  and  phosphorus 
metabolism,  as  well  as  the  favorable  influence  exerted  upon  the 
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balance  of  each  of  these  elements  during  Periods  II  and  IV,  may 
be  seen  readily  from  the  curves  shown  in  Chart  1,  in  which  the 
average  daily  balances  of  all  three  elements  throughout  the  four 
periods  have  been  plotted.  The  outstanding  feature  of  this  figure 
is  the  rise  of  the  curves  for  all  three  elements  during  Periods  II 
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Chart  1.    Average  daily  balances  of  phosphorus,  magnesium,  and  cal- 
cium of  all  subjects. 


and  IV,  thus  indicating  increased  retention  or  diminished  excretion 
of  each  of  these  elements  when  yeast  or  butter  fat  was  introduced 
into  the  diet.  The  favorable  influence  of  the  yeast  seems  to  have 
been  somewhat  greater  than  that  of  the  butter  fat.  The  fall  in 
the  curves  of  all  three  elements  in  Period  III  is  also  worthy  of 
note. 
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While  it  is  most  interesting  to  observe  that  the  influences, 
which  favored  calcium  retention  upon  the  introduction  of  yeast  or 
butter  fat  into  the  diet,  exerted  a  similar  influence  upon  magne- 
sium and  phosphorus  metabolism,  we  do  not  feel  justified  in  con- 
cluding that  these  effects  are  necessarily  due  to  the  vitamines 
added  to  the  diet,  as  other  factors  may  possibly  be  operative. 

CONCLUSIONS. 

1.  The  magnesium  and  phosphorus  balances  in  two  normal 
women  were  favorably  influenced  by  the  addition  of  yeast  to  a  diet 
of  white  bread,  rice,  lean  beef,  skimmed  milk  powder,  purified  nut 
margarine,  sugar,  and  starch.  The  calciimi  balances,  determined 
over  the  same  period  on  the  same  subjects  and  previously  reported, 

,were  similarly  affected.  A  third  subject  failed  to  show  improve- 
ment of  calcium  or  magnesium  balances  upon  the  addition  of 
yeast  to  the  diet  although  the  retention  of  phosphorus  was 
favored  under  these  circmnstances. 

2.  The  substitution  of  an  equal  weight  of  purified  butter  fat  for 
the  vegetable  fat  in  the  basal  diet  led  to  diminished  fecal  and  total 
excretion  of  magnesium  and  phosphorus  on  a  constant  intake, 
with  a  favorable  influence  upon  the  balances  of  these  elements  in 
all  four  subjects  studied.  In  every  case  the  calcium  balances 
showed  a  simultaneous  improvement,  the  metabolism  of  these 
three  elements  being  closely  parallel  throughout  the  experiment. 

3.  Although  the  above  facts  strongly  suggest  some  relationship 
between  the  vitamine  content  of  the  diet  and  the  assimilation  of 
calcium,  magnesium,  and  phosphorus,  the  effects  produced  by  the 
yeast  and  butter  fat  may  be  due  to  factors  other  than  their 
vitamine  content. 


VITAMIN  A  CONTENT  OF  LARD  OBTAINED  FROM 
HOGS  ON  A  CONTROL  RATION. 

By  marguerite  G.  MALLOX  and  MARJORIE  CLARK. 

{From  the  Laboralonj  of  Food  Chemistry,  Department  of  Home  Economics, 
Purdue  University,  Lafayette.) 

(Received  for  publication,  October  19,  1922.) 

There  has  been  much  discussion  both  by  American  and  Enghsh 
investigators  concerning  the  vitamin  A  content  of  lard.  The 
problems  concerned  have  been  whether  or  not  the  deficiency  of 
this  factor,  if  there  is  a  deficiency,  is  due  to  the  lack  of  its  presence  in 
the  original  fat  or  to  destruction  of  this  vitamin  in  the  commercial 
process  of  manufacture  of  lard.  The  latter  includes  the  problem 
of  the  effect  of  heat  and  oxidation  on  \-itamin  A. 

EXPERIMENTAL  WORK. 

The  object  of  the  experiment  was  to  test  the  activity  of  lard 
prepared  from  hogs  whose  diet  was  known. 

Two  hogs  were  secured  from  the  Animal  Husbandi-y  Depart- 
ment of  the  Purdue  Experiment  Station  whose  diet  was  known. 
From  July  2  to  September  26,  1921  these  two  hogs  were  fed  on  a 
full  allowance  of  shelled  yellow  corn  and  clover  pasture.  From 
September  26  to  December  12,  the  time  they  were  killed,  they  were 
fed  a  full  feed  of  yellow  corn  in  a  ch-y  lot.  These  animals  were 
unusually  healthy. 

In  1920  Osborne  and  JNIendel  (1)  and  Steenbock  and  Gross 
(2)  demonstrated  the  presence  of  vitamin  A  in  clover.  The 
presence  of  this  vitamin  in  yellow  corn  has  been  demonstrated  by 
Steenbock  and  Boutwcll  in  1920  (3). 

The  fat  from  these  hogs  was  rendered  in  our  laboratory.  The 
lard  which  was  used  was  prepared  from  the  leaves  and  back  fat. 
The  fat  was  cut  in  small  pieces  and  finely  divided  by  jiutting  it 
through  a  food  chopper.  It  was  then  filtered  through  filter  paper 
above  the  melting  point  of  the  lard,  kept  in  an  electric  oven  (4). 
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This  was  done  in  order  to  obtain  all  the  glyceiides  of  the  hog  fat, 
and  to  eliminate  the  factors  of  high  temperature  and  stirring. 
This  filtered  fat  or  lard  of  both  leaves  and  back  fat  was  mixed 
and  kept  for  3  months  up  to  and  during  the  period  of  the  experi- 
ment in  the  cold  storage  room  of  the  Dairy  Department. 


Ejcperimental  diet.* 

Control  diet.' 

Lard 

per  cent 

..     30 
..     48 
..     18 
..       4 

Lard 

per  cent 

...       25 
5 

Casein 

Salt  mixture 

Corn-starch 

Casein 

Salt  mixture 

...       48 
. ..       18 

4. 

*  In  each  diet  0.6  gm.  yeast  was  fed  separately,  daily. 

The  corn-starch  used  was  "Argo.  "^  This  was  boiled  in  a 
reflux  condenser  three  successive  times,  1  hour  each  time,  with 
equal  parts  of  95  per  cent  alcohoP  and  commercial  anhydrous 
ether.'  It  was  then  washed  and  dried  in  an  electric  oven  at  100°C. 
This  was  done  to  remove  any  vitamin  A  which  might  be  present. 

The  casein,  "from  milk,  washed"'  was  prepared  in  the  same 
way. 

The  salt  mixture  used  was  the  one  used  by  Osborne  and 
Mendel  (5). 

Fleischmaim's  compressed  yeast  was  used  as  a  source  of  vitamin 
B.  It  was  dried  at  110°C.  over  night,  pulverized,  and  then 
treated  for  removal  of  vitamin  A. 

The  butter  fat  used  for  the  control  rats  was  prepared  by  the 
usual  method. 

A  careful  record  of  the  gram  weight  of  the  food  eaten  each  day 
by  each  animal  was  taken.  On  account  of  the  pasty  consistency 
there  was  no  scattering.  The  yeast,  food,  and  distilled  water 
were  kept  in  separate  containers. 

The  initial  weight  for  both  groups  averaged  50  gm.  The 
animals  were  weighed  twice  a  week  and  the  weights  recorded. 
Each  rat  was  kept  in  a  separate  cage. 

*  Corn  Products  Company. 

'  U.  S.  Industrial  Alcohol  Company. 

»  Elmer  and  Amend. 
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Two  groups  of  animals  were  fed,  four  in  the  control  group  and 
four  in  the  experimental  group.  In  each  group  were  animals  of 
both  sexes.  The  experimental  animals  and  the  control  animals 
were  kept  side  by  side  in  a  well  Ughted  and  well  ventilated  room. 

DISCUSSION. 

The  percentage  of  fat  fed  in  the  experimental  diet  was  large,  30 
per  cent.  The  rats  on  the  experimental  diet  and  on  the  control 
diet  ate  practically  the  same  amount  of  food  each  day  for  2  months. 

At  the  end  of  2  months  the  experimental  and  control  animals 
had  attained  practically  the  same  weight,  the  average  being  153 
gm.  The  animals  were  in  a  healthy  condition;  the  eyes  bright  and 
clear;  and  the  hair  was  smooth  and  glossy. 

Suddenly,  2  days  after  the  above  observation  the  four  experi- 
mental animals  on  the  entue  lard  diet  began  to  show  inflammation 
of  the  eyes  which  developed  into  xerophthahnia.  There  was  a 
decline  in  food  intake  and  weight  after  the  eye  disease  started. 
Two  of  the  experunental  animals  died.  After  the  xerophthahnia 
had  fully  developed,  the  other  two  animals  of  the  experimental 
group  were  given  0.5  gm.  of  butter  fat  daily  for  3  days  and  the 
eyes  cleared  up  and  became  somewhat  beaded. 

The  control  annuals  did  not  develop  xerophthahnia  and  main- 
tained their  healthy  condition.  The  stock  annuals,  i.e.  the  parent 
animals  of  both  the  experunental  and  control  groups,  were  fed  a 
ration  which  contained  yellow  corn-meal,  oil  meal,  crude  casein, 
aKalfa  meal,  NaCl,  and  CaCOs  (Steenbock).  And  from  time  of 
impregnation  the  mother  rats  were  given  milk  ad  libitum.  The 
good  condition  of  the  experimental  animals  for  2  months  seems  to 
indicate  that  the  animals  had  stored  in  their  bodies  (6)  from  the 
mother's  milk  a  sufhcient  amount  of  vitamin  A  for  growth  for  some 
time,  but  the  quantitative  supply  was  not  sufficient  to  prevent 
susceptibility  to  xerophthalmia. 

CONCLUSION. 

The  result  of  this  experiment  seems  to  indicate  that  lard,  made 
from  leaves  and  back  fat  of  hogs  whose  diet  contained  vitamin  A, 
does  not  contain  an  adequate  supply  of  this  vitamin  to  prevent 
xerophthalmia  even  when  fed  in  large  amounts. 
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A  COMPARISON  OF  THE  DU  BOIS  AND  THE  HARRIS  AND 
BENEDICT  NORMAL  STANDARDS  FOR  THE  ESTI- 
MATION OF  THE  BASAL  METABOLIC  RATE. 

Bt  WALTER  M.  BOOTHBY  and  IRENE  SANDIFORD. 

{From  the  Section  on  Clinical  Metabolism,  Division  of  Medicine,  Mayo 
Clinic  and  Mayo  Foundation,  University  of  Minnesota,  Rochester.) 

(Received  for  publication,  October  21, 1922.) 

One  of  the  most  important  contributions  to  the  science  of 
medicine  within  recent  years  was  the  establishment  by  Lusk  and 
Du  Bois  and  their  associates  of  a  normal  standard  of  heat  produc- 
tion of  sufficient  accuracy  to  allow  the  general  introduction  of 
indirect  calorimetry  into  clinical  medicine.'  The  historical 
details,  which  need  not  be  repeated  here,  of  the  development  of 
Rubner's  law  of  body  surface  into  an  accurate  standard  for  the 
determination  of  the  basal  metaboUc  rate  have  been  extensively 
covered  in  the  various  articles  of  Lusk  and  Du  Bois  and  of  Harris 
and  Benedict;  the  former  emphasize  its  consistencies  and  general 
appUcabihty  and  the  latter  emphasize  the  point  "that  the  metab- 
olism or  heat  output  of  the  hmnan  body  even  at  rest  does  not 
depend  on  Newton's  law  of  cooling  and,  therefore,  is  not  propor- 
tional to  the  body  surface."  MurUn  has  recently  demonstrated 
some  of  the  fallacies  in  the  position  maintained  by  Benedict 
and  liis  associates  both  by  mathematical  and  by  teleological 
arguments. 

Because  of  their  reluctance  to  accept  the  body  surface  law  as 
a  basis  for  the  establislunent  of  normal  standards  for  heat  produc- 
tion Harris  and  Benedict,  in  an  exhaustive  mathematical  con- 
sideration of  the  subject,  developed  a  series  of  biometric  correla- 
tion formulas,  based  on  stature,  body  weight,  sex,  and  age  (the 
same  factors  as  used  by  Du  Bois)  by  which  "results  as  good  as, 
or  better  than,  those  obtainable  from  the  constant  of  basal  metab- 

•  For  bibliography  on  this  subject  see  the  following  paper  (Boothby, 
W.  M.,  and  Sandiford,  I.,  J.  Biol.  Chem.,  1922,  liv,  783) . 
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olisni  iior  square  meter  of  body  surface  can  be  obtained  by  bio- 
metric  formulas  involving  no  assumption  concerning  derivation 
of  surface  area  but  based  on  direct  physical  measurements." 
Shortly  after  the  appearance  of  the  Harris  and  Benedict  standards 
we  tabulated  404  determinations  of  the  basal  metabolic  rate 
expressed  in  percentages  above  and  below  normal,  using  both  the 
standards  of  Du  Bois  and  of  Harris  and  Benedict.  The  average 
rates  of  all  the  cases  show  that  those  obtained  by  the  Harris  and 
Benedict  method  are  6.5  points  higher  than  the  rates  obtained 
by  the  Du  Bois  method.  The  striking  parallelism  between  the 
results  obtained  l^y  the  two  methods  is  shown  in  Table  I  in  which 
it  is  seen  that  195  of  the  404  determinations  are  within  ±  2.5  of 

TABLE  I. 

Comparison  of  Melaholic  Rates  Obtained  by  the  Harris  and  Benedict 
Method  with  Those  Obtained  by  the  Du  Bois  Method. 


Difference  between  the  Harris  and  Benedict 

No.  of  determinations  for  each  range. 

rates  from  Du  Bois'  rates  as  standard. 

-10  to  -  6 

3 

—  5  to  —  1 

20 

0  to  +  3 

88 

+  4  to  +  9 

195* 

+  10  to  +14 

69 

+  15  to  +19 

24 

+20  to  +25 

5 

Average  of  404  determinations  +6.5 


*  Within  ±  2.5  of  the  average  deviation. 

the  average  variation.  Because  of  the  demonstrated  agreement 
between  the  two  methods  in  such  a  large  proportion  of  subjects 
we  concluded  that  there  was  a  fundamental  similarity  between 
the  two  methods,  but  reserved  our  final  opinion  until  after  an 
analysis  of  the  discrepancies. 

Means  and  Woodwell  have  recently  made  a  similar,  but  some- 
what more  extensi\'e  analysis  and  have  likewise  shown  that  the 
Harris  and  Benedict  standards  give  basal  metabolic  rates  on  an 
average  6  per  cent  higher  than  the  Du  Bois  standards.  They 
point  out  that  these  difTerences  might  be  abolished  by  an  empirical 
reduction  in  the  Du  Bois  standards,  but  ref)-ain  from  doing  so  and 
recommend  that  the  use  of  the  Du  Bois  method  be  continued, 
unchanged. 
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Unfortunately,  and  without  the  authorization  or  knowledge  of 
Du  Bois,  Sanborn,  in  his  compilation  of  "basal  metabolism"  has 
presented  a  table  containing  the  Du  Bois  normal  standards  with 
1.8  calories  arbitrarily  deducted.  Although  it  is  possible  that 
in  the  future  the  present  Du  Bois  standards  may  be  modified,  yet 
in  order  to  avoid  confusion  it  is  highly  desirable  that  they  be 
altered  as  infrequently  as  possible. 

As  we  have  pointed  out  an  analysis  of  the  Du  Bois  and  of  the 
Harris  and  Benedict  standards  by  Boothby  and  Sandiford  and  by 
Means  and  Woodwcll  showed  for  the  majority  of  determinations  a 
remarkable  parallelism  between  the  two  methods;  however,  in  our 
series  materially  discordant  results  were  obtained  in  approxi- 
mately one-fifth  of  the  subjects.  The  present  paper  is  a  more 
extended  analysis  of  the  two  standards  with  an  attempt  to  learn 
the  cause  of  these  larger  discrepancies. 

Harris  and  Benedict  claim  that  their  standards  are  in  no  way 
based  on  Rubner's  law  of  surface  area.  While  this  is  true  as  far 
as  the  original  construction  of  their  formulas  is  concerned,  yet  the 
startling  fact  remains,  as  the  curves  in  Chart  1  of  Du  Bois'  paper 
on  the  basal  metabolism  in  fever  indicate,  that  the  surface  area 
can  be  calculated  within  certain  range  by  their  formulas  with 
practically  the  same  accuracy  as  by  the  formulas  of  Du  Bois  and 
Du  Bois.  The  basal  heat  production  for  males  as  predicted  by 
Harris  and  Benedict  is 

h  =  66.4730  -I-  13.7ol6»'  -t-  5.003.3.S  -  6.7550a  (1) 

where  h  =  basal  heat  production  for  24  hours,  «'  =  weight  in  kilos,  s  = 
height  in  centimeters,  and  a  =  age  in  years.  This  formula  can  be  trans- 
posed into  one  which  will  predict  surface  area  by  substituting  constants  as 
follows: 

„   ,        66.4730  +  13.7516UI  +  5.0033s  -  /v'l  ,„. 

S.A .  = ^^ (2) 

where  Ki  =  141.86  which  is  6.7550  (the  Harris  and  Benedict  age  factor  for 
males)  X  21  years  and  A';  =  948  which  is  Du  Bois'  normal  calories  per  hour 
for  each  square  meter  for  males  21  years  old  multiplied  by  24  hours  (39.5 
X  24),  and  S.A.  =  surface  area  in  square  meters.  This  formula  can  be 
simplified  by  factoring  and  dropping  insignificant  figures  to 

2.751V  +  S  -  15.1  „, 
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Chart  1.    Surface  areas  for  increasing  weights  at  constant  heights. 

Curves  A,  B,  and  D  represent  the  surface  area  at  a  constant  height  of  151 

cm.  plotted  for  increasing  weights;  Curves  C,  E,  and  F  are  similar  for  a 

constant  height  of  200  cm.     Curves  A  and  E  are  the  surface  areas  calculated 

by  the  Du  Bois  height-weight  formula  and  are  the  same  for  men  and  women 

(S.  A.  =  0.007184  X  10  "•''"  X  s  »•"»).     Curves  D  and  F  are  the  surface 

_.75  w  +  s  —  15. 
areas  calculated  by  the  formula  ( 


(s.A. 
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^') 


derived  from 


)• 


the  Harris  and  Benedict  heat  prediction  formula  for  men.     Curves  B  and  C 

/      ,        5.17u.  +  s  +  .30l" 
are  the  surface  areas  calculated  by  the  formula  I  S.A.  =  — — - 

derived  from  the  Harris  and  Benedict  heat  prediction  formula  for  women. 
Similar  curves  plotted  for  intermediate  heights  are  not  indicated  because 
it  is  evident  that  they  would  show  correspondingly  smaller  variations  in 
the  surface  area  as  calculated  by  the  three  formulas. 
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Similarly  for  females: 

h  =  655.0955  +  9.5634W  +  1.8496s  -  4.6756a  (4) 

and  by  substitution  of  constants 

„   ,        655.0955  +9 ■5634W  +  1.8496s  -  A',  ,., 

S.A.  = ^^ (5) 

where  A's  =  98.19  which  is  4.6756  (the  Harris  and  Benedict  age  factor  for 
females)  X  21  years  and  K,  =  888  which  is  37.0  calories  per  square  meter 
(the  Du  Bois  standard  for  females  21  years  old)  X  24  hours.  By  factoring 
and  dropping  insignificant  figures  this  formula  may  be  simplified  to: 

_5.17u.  +  s  +  301  (g) 

Formulas  3  and  6  are  comparable  to  the  height-weight  formula 
for  surface  area  of  Du  Bois  and  Du  Bois. 

S.A .  =  0.007184  X  w"-'-'  X  s"-"'*  (7) 

In  order  to  test  the  accuracy  of  these  formulas  we  have  utilized 
the  group  of  subjects  studied  by  Benedict  in  the  development  of 
his  photographic  method  and  also  the  group  whose  surface  areas 
were  accurately  measured  by  means  of  molds  by  Du  Bois.  In 
Table  II  are  assembled  the  surface  areas  for  these  subjects  cal- 
culated by  (1)  the  formulas  derived  from  the  Harris  and  Benedict 
formulas  for  the  prediction  of  total  calories  in  men  and  women 
(Formulas  3  and  6);  (2)  the  Du  Bois  linear  formula;  (3)  the  Du 
Bois  height-weight  formula;  (4)  Benedict's  photographic  method; 
and  (5)  the  actual  measurement  by  molds.  An  examination  of 
Table  II  shows  such  slight  differences  in  normal  adults  between 
the  surface  areas  as  calculated  by  the  various  methods  that  it  is 
doubtful  as  to  which  formula  is  the  most  accurate.  The  prac- 
tical conclusion  which  is  revealed  in  Table  II  is  that  the  surface 
area  formulas  derived  from  the  Harris  and  Benedict  correlation 
formulas  for  the  prediction  of  basal  heat  production  are  possibly 
nearly  as  good  for  the  estimation  of  the  surface  area  within  the 
average  ranges  of  adult  height  and  weight  as  is  the  Du  Bois 
height-weight  formula.  The  surface  area  for  infants,  however, 
cannot  be  predicted  by  the  derived  Harris  and  Benedict  formula 
for  females,  as  illustrated  by  Anna  M.;  also  it  cannot  be  extended 
to  short  subjects  like  Benny  L.  There  also  is  a  considerable 
discrepancy-  in  Subject  19  who  is  likewise  rather  short. 
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The  following  statemrnt  of  Benedict  concerning  the  surface 
areas  obtained  by  the  pliotographic  and  b\-  the  Du  Bois  linear 
methods  appears  to  us  fully  as  applicable  to  a  comparison  between 
the  surface  areas  obtained  by  the  Du  Bois  height-weight  formula 
and  those  calculated  for  normal  adults  by  the  formulas  derived 
from  the  Harris  and  Benedict  correlation  formulas:  "Comparisons 
between  the  photographed  areas  and  the  body  surface  as  computed 
from  the  Du  Bois  linear  formula  show,  even  with  the  most 
diverse  configurations  of  body,  a  constancy  rarely  observed 
in  anatomical  measurements  or  in  computed  ratios  based  upon 
such  measurements." 

A  comparison  similar  to  that  for  subjects  shown  in  Table  II  may 
be  made  of  the  surface  areas  calculated  by  the  Du  Bois  height- 
weight  formula  and  by  the  fornuilas  derived  from  Harris  and 
Benedict's  heat  prediction  formulas  throughout  the  entire  range 
of  Harris  and  Benedict's  tables.  In  Chart  1  are  plotted  curves 
for  surface  areas  as  calculated  by  the  two  methods  for  the  extreme 
heights  of  151  and  200  cm.  between  the  ranges  of  25  and  124 
kilos  for  men  and  women.  In  Chart  2  are  plotted  the  percentage 
variations  of  the  Benedict  curves  from  the  Du  Bois  curves  shown 
in  Chart  1.  From  these  curves  it  is  evident  that  the  greatest 
possible  discrepancy  between  the  two  methods  amounts  to  19 
per  cent  if  restricted  to  the  limits  given  in  the  Harris  and  Benedict 
tables,  and  occurs  in  men  who  are  very  fat  and  extremely  short 
for  their  weight.  Near  this  extreme  range,  however,  there  is 
a  discrepancy  of  — 11  per  cent  between  the  area  calculated  by  the 
Du  Bois  height-weight  formula  from  that  by  the  Du  Bois  linear, 
while  there  is  only  a  -1-7  per  cent  discrepancy  between  the  area 
calculated  by  the  Benedict  formula  for  males  from  that  by  the 
Du  Bois  linear  as  illustrated  by  Subject  1  in  Table  11.  If  it  is 
assumed  that  the  linear  formula  and  the  photographic  method 
are  the  most  accurate  methods,  then  the  surface  area  obtained 
from  Harris  and  Benedict's  formula  for  men  may,  at  these  extreme 
ranges,  predict  the  surface  area  with  nearly  the  same  accuracy 
as  the  Du  Bois  height-weight  fornuila.  Harris  and  Benedict, 
however,  warn  against  the  application  of  their  formulas  beyond 
the  ranges  given  in  their  table,  thus  creating  the  suspicion  that 
likewise  the  extreme  ranges  utilized  are  also  open  to  question. 
The  direction  and  position  of  their  curves  for  women  in  relation 
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Chart  2.  Percentage  variation  of  the  surface  areas  as  calculated  by 
the  derived  Harris  and  Benedict  formulas  from  that  calculated  by  the 
Du  Bois  height-weight  formula.  Curves  A  and  B  represent  the  percentage 
variation  of  the  surface  area  as  calculated  by  the  Harris  and  Benedict 
formulas  for  men  from  that  calculated  by  the  Du  Bois  formula  as  shown 
in  Chart  1.  Curve  A  is  for  a  constant  height  of  200  cm.  and  Curve  B  is 
for  a  constant  height  of  151  cm.  Similarly  for  women,  Curve  D  represents 
the  percentage  variation  of  Curve  B  from  Curve  A  of  Chart  1  (height  151 
cm.)  and  Curve  C  the  percentage  variation  of  Curve  C  from  Curve  E  of 
Chart  1  (height  200  cm.).  These  curves  illustrate  the  extreme  limits  of 
the  percentage  variation  of  the  surface  area  as  calculated  by  the  formulas 
derived  from  the  Harris  and  Benedict  heat  prediction  formulas  (for  any 
height  or  weight  included  in  their  tables)  from  the  surface  area  as  calculated 
by  the  height-weight  formula  of  Du  Bois  and  Du  Bois. 
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to  their  curves  for  men  indicate  why  prolongation,  especially  of 
the  formula  for  women,  leads  to  improbable  values  for  the  surface 
area.  It  seems  likely  that  that  formula  is  best  within  limits 
which  also  allows  with  equal  accuracy  an  extension  beyond  those 
limits.  Chart  1  also  reveals  the  peculiar  fact  that  according  to 
Harris  and  Benedict  the  value  of  the  height-weight  factor  is  for 
a  woman  151  cm.  in  height  and  25  kilos  in  weight,  9  per  cent  larger, 
while  for  a  woman  200  cm.  in  height  and  25  kilos  in  weight  this  is 
2  per  cent  smaller  than  for  a  man  of  similar  size;  likewise 
for  a  woman  151  cm.  in  height  and  124  kilos  in  weight,  this 
height-weight  factor  is  9  per  cent  smaller,  and  for  a  woman  of  200 
cm.  and  124  kilos  in  weight  it  is  17  per  cent  smaller  than  for  a  man 
of  siniilar  size.  Harris  and  Benedict  have  as  yet  offered  neither 
a  reasonable  explanation,  nor  sufficient  experimental  proof,  to 
justify  the  embodiment  of  such  a  peculiar  variation  of  the  effect 
of  height-weight  on  the  heat  production  between  men  and  women 
as  to  incoiporate  the  same  into  a  formula  for  the  prediction  of 
standards  of  heat  production. 

From  these  curves  it  is  evident,  however,  that  usually  nearly 
the  same  values  for  variation  in  height  and  weight  are  utilized 
in  the  prediction  of  heat  production  in  subjects  of  average  adult 
size,  both  by  the  heat  formulas  of  Harris  and  Benedict  and  the 
formulas  of  Du  Bois  and  Du  Bois,  regardless  of  the  theoretic 
considerations  of  surface  area  underlying  the  derivation  of  the 
formulas.  Certain  discrepancies  in  the  relationship  between 
the  Harris  and  Benedict  formulas  for  men  and  women  as  men- 
tioned, however,  indicate  that  the  height-weight  formula  of 
Du  Bois  is  of  more  general  applicability. 

On  the  other  hand,  an  analysis  of  the  predicted  total  calories 
for  the  effect  of  age  reveals  marked  discrepancies  in  the  value 
allotted  to  the  age  factor  by  Du  Bois  and  by  Harris  and  Benedict. 
By  basing  his  comparisons  for  age  on  calories  for  each  square 
meter  of  body  surface  Du  Bois  makes  the  same  percentage  decrease 
in  heat  production  in  a  small  or  a  large  subject  for  increasing  age; 
Harris  and  Benedict  on  the  other  hand  subtract  exactly  the 
same  number  of  calories  for  a  given  increase  in  age,  regardless  of 
the  size  of  the  subject.  For  example,  as  illustrated  by  Chart  3, 
the  Du  Bois  method  predicts  a  10  per  cent  reduction  in  the 
basal  heat  production  for  a  man  70  years  of  age,  of  any  size,  as 
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compared  with  a  man  of  a  similar  height  and  weight  at  the  age  of 
20  years;  Harris  and  Benedict  on  the  contrary  predict  that  a  large 
subject  (124  kilos,  200  cm.)  will  have  a  heat  production  12.5  per 
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Chart  3.  The  percentage  decrease  in  the  heat  production  for  increasing 
age.  Curve  A  for  women  and  Curve  D  for  men  show  the  percentage 
decrease  in  heat  production  for  small  subjects  with  heights  of  151  cm.  and 
weights  of  25  kilos,  as  predicted  by  Harris  and  Benedict ;  Curve  B  for  women 
and  Curve  E  for  men  are  the  percentage  decreases  according  to  Harris  and 
Benedict  in  the  heat  production  for  advancing  age,  as  predicted  for  large 
subjects  with  a  height  of  200  cm.  and  a  weight  of  124  kilos.  Curve  C  for 
women  and  Curve  F  for  men  illustrate  the  percentage  decrease  in  heat 
prod\iction  for  increasing  age,  as  predicted  by  the  Du  Bois  normal  stand- 
ards. It  is  to  be  noted  that  according  to  Du  Bois  the  size  of  the  subject 
does  not  alter  the  percentage  decrease  of  the  heat  production  for  advancing 
age,  while  according  to  Harris  and  Bsnedict  a  much  greater  percentage 
decrease  occurs  in  small  than  in  large  subjects. 
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cent  less,  and  a  small  subject  (25  kilos,  151  cm.)  will  have  a  heat 
production  32  per  cent  less  at  70  years  of  age  as  compared  with 
similar  subjects  20  years  of  age.  It  does  not  appear  to  be  m 
accordance  with  the  facts,  nor  does  it  seem  logical  to  assume,  that 
a  small  man  wiU  show  more  than  twice  the  percentage  decrease 
in  heat  production  for  advancing  age  than  a  largo  man.  The 
formula  for  women  shows  this  same  peculiarity  (Chart  3)  but  to 
a  lesser  degree.  We  believe  that  the  Du  Bois  age  factor  is  more 
in  accordance  with  the  data  at  present  available  than  that  of 
Harris  and  Benedict. 

In  his  normal  standards  Du  Bois  makes  the  same  percentage 
difference  in  heat  production  for  sex  at  any  constant  age,  regard- 
less of  the  size  of  the  subject,  because  he  bases  his  comparisons  on 
calories  for  each  square  meter  of  body  surface.  In  contrast, 
Harris  and  Benedict  predict  on  the  one  hand  a  markedly  lo^\er 
heat  production  for  large  women  than  for  similar  sized  men,  but 
on  the  other  hand  thev  make  the  astounding  prediction,  which  is 
contrarv  to  their  general  conclusion,  that  the  heat  production  of 
small  women  is  greater  than  that  of  similar  sized  men.  This 
peculiaritv  of  their  prediction  formulas  is  illustrated  in  Chart  4, 
in  which  it  is  shown  that,  at  the  age  of  21  years,  a  small  woman 
(25  kilos,  and  151  cm.)  will  have  a  heat  production  5  per  cent 
greater,  and  at  the  age  of  70,  a  heat  production  22  per  cent  greater 
than  that  of  a  man  of  similar  height  and  weight  at  those  respective 
ages.  The  assumption  of  such  a  reversed  effect  of  sex  on  the  heat 
production  in  small  as  opposed  to  large  subjects  does  not  appear 
to  us  to  be  sufficiently  estabhshed  by  the  data  at  present  available 
to  justify  its  incorporation  into  a  prediction  formula,  particularly 
since  theoretically  it  seems  much  more  likely  that  both  age  and 
sex  affect  the  heat  production  of  large  and  small  subjects  m  the 
same  direction  and  probably  also  in  approximately  the  same 

degree. 

The  larger  discrepancies  Ijetwcen  the  basal  metabolic  rate,  as 
predicted  from  the  formulas  of  Harris  and  Benedict  and  from 
those  of  Du  Bois,  result  usually  from  a  summation  of  the  smaU 
discrepancies  found  for  height  and  weight  and  the  larger  ones 
for  age  and  sex;  in  some  instances  there  is  entire  agreement  as  to 
the  value  of  the  different  groups  of  factors,  while  in  others  the 
discrepancies  approximately  balance  one  another,  thus  accounting 
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for  the  parallelism  l^etween  the  basal  metabolic  rate  calculated 
by  the  Du  Bois  and  by  the  Harris  and  Benedict  standards,  as 
found  by  Boothby  and  Sandiford  and  by  Means  and  Woodwell. 
Constants  for  age  and  sex  must  always  be  used  in  the  prediction 
of  the  basal  metabolic  rate,  cither  by  proper  standards  for  varying 
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Ch^rt4.  Effect  of  sex  on  the  heat  production.  Curve  A  represents 
the  percentage  variation  of  the  basal  heat  production  of  a  large  woman 
COO  cm  and  124  kilos)  from  a  similar  sized  man  between  the  ages  of  20  and 
70  vears,  as  predicted  by  Harris  and  Benedict.  Curve  B  is  the  prediction 
of  bu  Bois  and  is  the  same  for  all  women,  regardless  of  their  size.  Curve 
C  is  the  percentage  base  line.  Curve  D  is  the  prediction  of  Harris  and 
Benedict  for  a  small  woman  (151  cm.  and  25  kilos)  as  compared  to  a  similar 
sized  man. 

age  and  sex  as  done  by  Du  Bois,  or  by  the  introduction  of  the 
constants  directly  into  the  formula  as  done  by  Harris  and  Bene- 
dict. Certain  critics  of  the  Du  Bois  surface  area  normal  standanl 
method  neglect  to  emphasize  the  Du  Bois  standards  for  age  and 
sex  and  refer  simply  to  surface  area,  and  they  so  state  then- 
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arguments  that  to  the  sxiporficial  reader  it  may  appear  that  Du 
Bois  does  not  utiHze  the  age  and  sex  factors  in  the  prediction  of 
the  normal  basal  metabolism.  Such  an  implication  is  as  unwar- 
ranted as  it  would  be  to  refiain  from  using  appropriately  the  four 
tables  of  Harris  and  Benedict  one  of  which  is  for  height  and  age 
in  men,  another  for  height  and  age  in  women,  while  the  third  and 
fom-th  are  for  the  weight  of  men  and  women,  respectively. 

We,  as  well  as  all  other  recent  writers,  agree  with  Benedict 
that  the  rate  of  heat  production  is  neither  controlled  by  the  area 
of  the  body  surface,  nor  at  the  present  stage  of  the  evolution  of 
man  caused  by  the  influence  of  cooling  on  the  body ;  we  also  agree 
that  in  all  probability  the  heat  production  is  proportional  to  the 
active  protoplasmic  mass  of  the  body  for  any  given  age  and  sex. 
However,  as  the  protoplasmic  mass  of  the  body  must  be  related 
to  the  total  body  nitrogen  and  since  Moulton  has  shown  that  the 
surface  area  of  beef  cattle  is  a  power  function  of  the  total  body 
nitrogen,  the  formula  being  S  =  N\  there  is  direct  experimental 
evidence  to  the  effect  that  the  protoplasmic  mass  is  proportional 
to  the  surface  area.  Furthermore,  the  constants  of  the  height  and 
weight  as  used  by  Harris  and  Benedict  and  by  Du  Bois  and  Du 
Bois,  although  derived  by  entirely  different  methods  and  from 
diametiically  opposite  theoretic  considerations,  lead  to  an  estima- 
tion of  the  smface  area  in  the  average  adult  subject  with  prac- 
tically equal  accuracy.  This  remarkable  fact  seems  to  us,  when 
taken  in  conjunction  with  the  average  demonstrated  parallelism 
in  the  basal  metabolic  rate  as  calculated  bj'  the  two  methods,  to 
be  additional  evidence  that  the  surface  area  is  the  most  exact 
method  at  present  available  for  estimating  the  active  protoplasmic 
mass  and  in  consequence  the  best  method,  in  conjimction  with 
appropriate  standards  of  age  and  sex,  for  predicting  the  basal 
heat  production. 

CONCLUSIONS. 

1.  It  is  shown  that  there  is  remarkable  agreement  between  the 
siuface  area  calculated  by  the  Du  Bois  surface  area  formulas 
and  the  formulas  derived  from  Harris  and  Benedict's  bio- 
metric  correlation  formulas  for  the  prediction  of  the  basal  heat 
production. 
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2.  Since  the  factors  for  height  and  weight,  as  used  by  Harris 
and  Benedict  in  their  formulas  for  predicting  the  basal  heat 
pi-oduction,  admit  of  the  calculation  of  the  surface  area  of  subjects 
who  have  been  measured  by  casts  or  Benedict's  photographic 
method  with  approximately  the  same  variation  as  that  between 
the  Du  Bois  height-weight  formula  and  the  Du  Bois  linear  formula, 
the  contention  of  Lusk  and  Du  Bois  is  strengthened  that  the 
basal  heat  production,  for  a  given  age  and  sex,  is  proportional 
to  the  surface  area. 

3.  As  a  marked  difference  exists  between  the  Du  Bois  and  the 
Harris  and  Benedict  factors  for  age  and  sex,  the  major  discrep- 
ancies between  the  l^asal  metabohc  rate  as  calculated  from  the 
two  standards  are  due  to  the  difference  in  values  attiibuted 
thereto,  especially  when  those  of  the  latter  are  superimposed  on 
the  small  differences  obtained  from  the  slightly  different  height- 
weight  factors  of  the  two  methods. 

4.  Harris  and  Benedict,  in  their  correlation  formula,  assume  that 
a  small  subject  will  show  more  than  twice  the  percentage  decrease 
in  heat  production  for  advancing  age  than  a  large  subject,  while 
Du  Bois  assumes  that  age  affects  alike  both  small  and  large  people. 

5.  Harris  and  Benedict  assume  a  reversed  action  for  sex, 
depending  on  the  size  of  the  subject,  by  predicting  first  that 
large  men  have  a  greater  heat  production  than  similar  sized 
women  and  second  that  small  women  have  a  greater  heat  produc- 
tion than  small  men. 

6.  Until  Harris  and  Benedict  prove  that  the  effect  of  age  and  of 
sex  is  different  in  large  and  small  men  and  women,  and  that  small 
women  have  a  greater  heat  production  than  small  men,  it  is  best 
to  adopt  the  factors  of  Du  Bois  which  are  in  better  accordance 
with  the  evidence  at  present  available,  namely  that  age  and  sex 
produce  at  least  approxinrately  the  same  percentage  alteration  in 
different  subjects,  regardless  of  their  size. 

7.  The  Du  Bois  formula  for  the  determination  of  the  surface 
area  and  the  Du  Bois  normal  standards  of  heat  production  for  each 
square  meter  of  body  surface  for  age  and  sex  are  considered  by 
us  the  best  method  at  present  available  for  predicting  the  normal 
he.at  production. 


SUMMARY  OF  THE  BASAL  METABOLISM  DATA  ON  8,614 

SUBJECTS  WITH  ESPECIAL  REFERENCE  TO  THE 

NORMAL  STANDARDS  FOR  THE  ESTIMATION 

OF  THE  BASAL  METABOLIC  RATE. 

By  WALTER  M.  BOOTHBY  and  IRENE  SANDIFORD. 

{From  the  Section  on  Clinical  Metabolism,  Division  of  Medicine,  Mayo  Clinic 
and  Mayo  Foundation,  University  of  Minnesota,  Rochester.) 

(Received  for  publication,  October  21,  1922.) 

In  the  preceding  paper  we  presented  mathematical  data  which  in 
our  opinion  indicate  that  the  Du  Bois  normal  standards  based  on 
calories  for  each  square  meter  of  body  surface  are  the  best  so  far 
advanced  for  predicting  the  basal  heat  production.  We  con- 
firmed the  previous  observation  of  Du  Bois  that  the  height  and 
weight  factors  as  utilized  by  Harris  and  Benedict  in  their  heat 
formulas  predict  the  surface  area  in  the  average  person  wdth  an 
approach  to  the  same  accuracy  as  the  Du  Bois  height-weight 
formula.  It  was  further  pointed  out  that  there  was  considerable 
discrepancy  between  the  values  for  age  and  sex  as  assigned  by  Du 
Bois  and  by  Harris  and  Benedict  and  that  those  adopted  by  the 
former  were  in  better  agreement  with  the  evidence  at  present 
available. 

The  arguments  advanced  in  that  paper,  however,  need  the 
support  of  fm-ther  experimental  e\adence  because,  after  all, 
standards  cannot  be  maintained  on  mathematical  considerations  as 
opposed  to  experimental  data.  The  object  of  this  paper  is  to 
present  in  as  brief  a  form  as  possible  the  basal  metabolism  data 
obtained  in  our  laboratory  from  March,  1917,  to  January,  1922. 
Dming  this  time  more  than  25,000  basal  metabolic  rate  deter- 
minations have  been  made  on  8,6U  subjects;^  these  results  are 

■Since  going  to  press,  an  article  by  Means  and  Burgess  has  appeared 
(Means,  J.  H.,  and  Burgess,  H.  W.,  Arch.  Int.  Med.,  1922,  xxx,  507)  in  which 
they  report  metabolism  studies  on  a  series  of  1,000  cases.  Their  data  and 
conclusions  are  in  accord  with  ours  as  to  the  clinical  significance  of  altera- 
tions in  the  basal  metabolic  rate. 
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Estimation  of  Basal  Metabolic  Rate 


TABLE  I.' 

Comparison  of  the  Basal  Metabolic  Rate  in  6,197  Patients  with 

Thyroid  Disorders. 


Diagnosis. 


Exophthalmic  goiter 

Recurrent     exophthalmic 
goitert 

Adenoma  with  hyperthy- 
roidism  

Recurrent  adenoma  with 
hyperthyroidismt 

Adenoma  without  hyper- 
thyroidism  

Recurrent  adenoma  with- 
out hyperthyroidismt- .  • 

Colloid  goiterll 

Myxedema 

Postoperative  myxedema. . 

Questionable  hypothyroid- 
ism  

Cretinism  11 

Thyroiditis 

Malignant  thyroid  . . . 


2,569 


Total  No.  of  cases. 


Percentage  range. 


320 

1,425 

46 

1,111 

62 
328 
102 

41 

86 
28 
34 
45 


per 
cent 

93 


90 


68 


57 


6,197 


-I- 


per 
cent 


17 


per 
cent 


32§ 


pt-r 
cent 


12 


26 


10 


■per 
cent 


2t 


per 
cent 


100 

90 

79 


per 
cent 


per 
cent 


per 
cent 


1 
80 
54 

30 

47 
9 
2 


*  The  8,614  cases  summarized  in  Tables  I  and  II  represent  all  patients 
on  whom  tests  were  made  from  March,  1917  to  January,  1922  with  the  excep- 
tion of  87  in  which  a  positive  diagnosis  of  the  presence  of  hyperthyroidism 
was  not  reached.  Two  of  the  87  patients  had  metabolic  rates  between 
-15  and  -H  per  cent;  thirty-one  between  -10  and  -f-lO  per  cent;  thirty- 
five  between  +11  and  +20  per  cent;  and  nineteen  above  +20  per  cent. 
About  one-half  of  this  group  had  but  one  metabolic  rate  determination. 

In  a  consideration  of  the  significance  of  Tables  I  and  II,  the  probability 
of  errors  in  the  determination  of  the  basal  metabolic  rate  must  be  evaluated. 
We  estimate  that  in  routine  work  in  our  laboratory  there  is  a  material  error 
in  about  1  per  cent  of  the  determinations  and  in  an  additional  5  per  cent 
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summarized  in  Tables  I  and  II,  and  a  few  illustrative  charts  are 
given.  The  outstanding  fact  is  that  77  per  cent  of  all  patients 
other  than  those  with  disorders  of  the  thyroid  had  basal  metabolic 
rates  within  the  restricted  Du  Bois  normal  limits  of  +10  to  - 10  per 
cent;  90  per  cent  had  basal  metabolic  rates  within  +15  to  —15 
per  cent.  The  high  percentage  of  normal  residts  is  most  significant 
when  it  is  considered  that  all,  except  127  of  the  subjects  who  com- 
prise our  normal  group,  had  a  functional  or  organic  disease. 

Tables  I  and  II  include  all  patients  on  whom  tests  were  made 
except  the  87  referred  to  in  the  asterisk  (*)  footnote  to  Table  I. 

of  the  tests  slight  errors  occur,  the  result  of  which  is  to  place  the  patient 
either  in  the  next  higher  or  lower  group,  as  arranged  in  the  table.  In 
about  one-third  of  the  patients  with  thyroid  disorders  only  one  determina- 
tion was  made  and  approximately  one-half  the  patients  who  had  other 
diseases,  not  involving  the  thyroid,  had  only  one  rate. 

If  in  any  group  100  typical  cases  with  unquestioned  diagnosis  are 
selectsd  and  on  whom  sufficient  basal  metabolic  rate  determinations  are 
made  so  that  all  errors  are  excluded,  such  a  series  will  usually  show  a  99 
per  cent  agreement  with  the  characteristic  metabolism  for  that  condition. 

t  With  a  few  exceptions  the  patients  with  exophthalmic  goiter  having 
basal  metabolic  rates  below  -1-20  per  cent  came  under  our  observation 
during  a  period  of  remission. 

I  The  patients  listed  under  recurrent  exophthalmic  goiter  and  recurrent 
adenoma,  with  and  without  hyperthyroidism,  include  those  who  had  had 
a  previous  partial  thyroidectomy  before  any  metabolism  studies  had  been 
made  in  our  laboratory  and  in  whom  the  question  of  the  necessity  for 
further  operative  treatment  was  under  consideration. 

§A  basal  metabolic  rate  of  4-10  per  cent  has  been  taken  arbitrarily 
as  dividing  patients  with  adenomatous  goiter  into  the  groups  with  and 
without  hyperthyroidism.  \\'hile  all  cases  with  basal  metabolic  rates 
below  4-10  per  cent  are  unquestionably  not  hyperthyroid,  it  cannot  be 
.assumed  that  all  those  with  basal  metabolic  rates  slightly  above  -flO 
per  cent  are  necessarily  hyperthyroid;  unfortunately  this  group  when 
tabulated  was  not  subdivided  at  +15  per  cent  as  was  done  in  some  of  the 
other  groups. 

II  The  cases  grouped  in  the  table  under  colloid  goiter  include  a  con- 
siderable and  unknown  proportion  of  cases  of  colloid  adenoma  because  in 
the  earlier  cases  of  the  series  less  attention  was  directed  to  making  a  cor- 
rect differential  diagnosis  than  is  at  present  exercised. 

H  Only  rarely  does  a  cretin  come  under  our  observation  who  has  not 
Iiad  thyroid  medication;  therefore  the  results  presented  in  the  table  cannot 
be  considered  as  the  average  of  a  group  of  untreated  cases.  Furthermore, 
the  normal  standards  for  children  are  not  yet  as  accurately  established  as 
are  those  for  adults. 


TABLE  II. 

The  Basal  Metabolic  Rate  in  Conditions  Not  Dve  to  Thyroid  Disorders. 


Diagnosis. 


Normals 

Migraine 

Chronic  nervous  exhaustion 

Neurasthenia 

Obesity 

Asthenia 

Essential  hypertension 

Cardiac  neurosis 

Heart  block 

Endocarditis 

Myocarditis 

Pericarditis 

Congenital  heart 

Renal 

Hodgkin's  disease 

Mental 

Epilepsy 

Gastrointestinal 

Gynecological 

Malignancy 

Dermatological 

Pregnancy 

Encephalitis 

Dysphagia 

Acromegaly 

Hypopituitarism 

Pagct's  disease 

Addison's  disease 

Polycythemia 

Secondary  anemia 

Anemia,  splenic  and  perni- 
cious.       

Leucemia,  IjTnphatic  and 
myelogenous 

Questionable  ductless  glands 

Sclerosis  of  central  nervous 
s>  stem ;  tabes 

Diabetes 

Arthritis 

Miscellaneous,  not  thyroid.. 


Total  No.  of  cases. 


Percentage  range. 


cent 


127 
31 

267 

384 
94 
36 

170 
99 
10 
56 
55 
4 
5 

127 

1 

34 

22 

98 

96 

0 

43 

30 

10 

65 

30 

58 

6 

13 

2 

30 

19 

16 
24 

20 

68 

69 

178 


11 


per 
cent 


1.2 
0.3 
3.2 

2.7 

1.0 


1.8 


4.0 


3.0 
9 

1.0 
1.0 


16.9 

3.3 

12.1 

15.4 


2,417 


8.3 


17.7 

2.8 


2.1 


1.6 

3.0 
4.6 
1.0 
2.1 
5.0 


per 
ceiit 

3.2 
6.4 
2.3 
3 

6.4 

11.2 

0. 

2.0 

1. 
3. 


6.2 
25.9 

3.3 
8.3 


3.; 

8.9 
9.1 
3.1 
6.3 

14.0 


per 
cent 

92. 
93 

87 
84. 
80 
77 
73 
83 
80 
80 
81 
100. 
80. 
72. 


per 
cent 

4.0 


8.6 
9.4 
7.5 
8.3 

15.8 

10 

10.0 
5.4 

10.9 


per 
cent 

0.7 


0.7 
1.4 
1.1 

7.2 
1.0 

1.8 


10.3 

2.8 
2.7 


10.0 

10.7 

3.3 

15.5 

• 

7.7 

15.9 

16.6 

7.3 

5.7 

5.6 

4.6 

61.7 
77.3 
85.7 
81.3 
55.0 
79.1 
70.0 
70.0 
63.1 
43.4 
34.5 
66.7 
69.2 
50.0 
80.0 

63.0 

6.3 

58.4 

90.0 
52.9 
75.3 
77.1 


20.0 

12.6 

17  6 

4.1 
4.1 

10.0 
4.6 

10.0 

3.1 
13.3 

5.2 
16.7 


4.0 

2.9 

5.1 
5.2 
10.0 

10.0 


10.0 

3.4 


per 
cent 


10 


3.4 

2.0 

10.0 

10.0 

1.8 


2.4 

100.0 

2.9 


20.0 

10.0 
20.0 


77.1 


13.4 

10.5 

6.3 


10.0 

11.6 
8.4 


8.3 


5.9 
1.4 
4.0 


2.6 


26.7 
3.4 

16.6 
7.7 

.50.0 
3.3 

10.6 

87.5 
8.4 


per 
cent 

99.3 

100  0 

98.2 

97.3 

94.6 

97.3 

89.4 

96.0 

90.0 

87.6 

96.4 

100.0 

100.0 

88.2 

88.2 
86.4 
92.9 
91.7 
65.0 
97.7 
80.0 
80.0 
76.9 
60.0 
55.2 
83.4 
76.9 
50.0 
93.4 


5.9 
2.2 


3.1 


89.4 

12.6 
75.0 


90.0 
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In  Table  I  are  tabulated  the  basal  metabolic  rate  findings  in 
diseases  of  the  thyroid  and  in  Table  II  of  all  conditions  other  than 
of  the  thjToid,  including  such  diseases  as  the  leucemias  which  are 
characterized  by  abnormal  basal  metabohc  rates.  A  study  of 
these  tables  reveals  most  convincing  e\'idence  that  the  basal 
metabolic  rate  is  characteristically  normal  in  all  except  a  few 
specific  diseases. 

In  our  laboratory,  metabolic  rates  are  obtained  by  the  open  or 
gasometer  method  with  analysis  of  the  expired  air  by  the  Haldane 
gas  analysis  apparatus.  Original  readings  are  made  in  duplicate 
by  two  observers.  Two  analyses  are  made  of  the  expired  air,  and 
the  results  are  accepted  if  they  agree  within  0.04  per  cent  for 
carbon  dioxide  and  0.06  per  cent  for  oxygen;  additional  analyses 
are  required  if  there  is  a  greater  discrepancy.  The  calcidations 
are  made  by  four  place  logarithms  and  checked  by  the  nomographic 
chart  method.  Repeated  outdoor  air  analyses,  of  which  per- 
manent records  are  kept,  are  made  at  stated  intervals  with  each 
Haldane  apparatus  and  by  each  analyst;  similarly,  analyses  of  a 
common  sample  of  expired  air  are  frequently  made  by  all  analysts. 
A  very  definite  routine,  described  in  detail  in  our  laboratory 
manual  has  been  adopted  with  the  intent  of  reducing  technical 
errors  to  a  minimum.  As  a  result  we  feel  that  accidental  technical 
errors  except  those  due  to  loss  of  expired  air  from  an  improper 
application  of  the  face  mask  are  of  very  rare  occm-rence.  A 
material  error  from  the  cause  mentioned  occurs  in  approximately 
1  per  cent  of  the  tests  and  always  causes  a  lowering  of  the  metabolic 

rate. 

Technical  errors  are,  however,  a  much  less  common  som-ce  of 
inaccm-acy  than  failure  to  obtain  the  metabolic  rate  under  absolute 
basal  conditions.  A  basal  determination  is  not  obtained  if  the 
subjects  fail  to  cooperate,  or  are  nervous  and  worried  over  the 
procedure  as  they  are  apt  to  be  in  the  first  test.  Under  such 
conditions  the  observed  metabolic  rate  may  be  from  5  to  30 
per  cent  too  high.  Therefore,  a  first  test  with  an  observed  metab- 
ohc rate  between  +10  and  +20  per  cent  will  probably  be  lowered 
to  within  the  normal  limits  of  variation  if  the  test  is  repeated 
a  sufficient  number  of  times  to  obtain  a  true  basal  metabolic 
rate.  In  the  various  groups  reported  in  Table  II,  in  which  there 
are  a  few  slightly  elevated  rates,  experience  has  con\inced  us  that 
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nearly  all  would  have  been  normal  if  a  sufficient  number  of  tests 
had  been  made  on  those  subjects  to  eUminate  temporary  (non- 
basal)  elevations.  These  temporary  elevations  of  the  metabolic 
rate  are,  in  chnical  work  by  far  the  most  confusing  factor  in  the 
estimation  of  the  significance  of  the  basal  metaboHc  rate  and  are 
of  great  importance  in  the  consideration  of  data  such  as  are 
presented  in  this  paper.  Nothing  the  subject  does  or  fails  to  do, 
except  deep  sleep,  can  depress  the  metabolic  rate,  whereas  any 
slight  distm-bing  condition  such  as  a  headache,  pain,  discomfort, 
excitement,  restless  or  uneasy  sleep  the  preceding  night,  fear, 
movements,  fever,  surreptitious  ingestion  of  food,  or  innumerable 
other  factors  may,  in  certain  cases,  cause  an  appreciable  elevation. 

The  cause  of  the  temporary  elevation  in  the  metabolic  rate  is  not 
definitely  known  aside  from  that  due  to  fever,  food,  and  muscular 
movement.  Aub  has  pointed  out  that  with  the  exception  of  the 
thyroid  and  adrenal  glands  there  is  at  present  no  evidence  that  any 
other  ductless  gland  produces  a  demonstrable  calorigenic  reaction. 
Plummer  and  Boothby  have  shown  that  these  rapid  fluctuations  in 
the  metabolic  rate  cannot  be  accounted  for  in  man  by  corresponding 
variations  in  the  thyroxin  concentration  in  the  tissues  because  the 
maximum  effect  of  a  single  intravenous  dose  of  10  mg.  of  thyroxin 
is  not  usually  reached  until  between  the  5th  and  10th  day  after 
administration  and  it  takes  as  a  rule  several  weeks  for  the  reac- 
tion entirely  to  disappear.  In  some  instances  these  temporary 
elevations  are  probably  due,  as  suggested  by  Aub,  to  the  emotional 
stimulation  of  the  adrenal  glands  resulting  in  a  discharge  into  the 
cii'culation  of  an  excess  of  adrenalin  secretion.  This  explanation 
is  in  accordance  with  our  observations  as  we  have  shown  that 
adrenalin,  when  injected  into  dogs  in  quantities  within  the  ac- 
cepted power  of  the  adrenal  glands  to  secrete,  produces  a  definite 
calorigenic  reaction ;  the  alteration  in  heat  production  under  such 
conditions  is  an  increase  of  from  about  5  to  20  per  cent,  which 
is  of  the  same  average  order  of  magnitude  and  duration  noted 
in  these  temporary  elevations  met  with  occasionally  in  clinical 
work.  Elevations  of  this  type  in  the  observed  rate  must  be  carefully 
differentiated  from  true   elevations   of  the  basal  metabolic  rate. 

In  Chart  1  are  plotted  the  basal  metabolic  rates,  computed  from 
the  Du  Bois  surface  area  standards,  obtained  on  127  subjects 
whom  we  consider  "normal"  because  they  had  passed  tlirough  a 
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careful  clinical  examination  without  revealing  anj^  evidence  of 
disease  that  could  in  any  way  affect  their  metabolism.  The 
criticism  that  these  subjects  were  practically  all  "patients"  and 
came  for  examination  because  they  thought  they  were,  or  might  be, 
ill  is  effectively  offset  by  this  careful  negative  examination; 
several  of  the  subjects  had  bad  teeth,  tonsils,  a  hernia,  or  other 
mechanical  fault,  all  of  which,  as  is  recognized,  could  in  no  way 
affect  the  metabolism.  Of  the  127  sulijects  plotted  on  the  chart, 
109  had  onlj'  one  metabolic  rate  determination;  none  of  those  with 
results  between  +11  and  +15  per  cent  or  between  —11  and  —15 
per  cent,  and  only  eighteen  of  those  between  +10  and  —10  per 
cent  had  more  than  a  single  test.  In  Chart  2  are  plotted  the  basal 
metabolic  rates,  computed  from  the  Harris  and  Benedict  standards, 
of  the  102  subjects  in  Chart  1  who  are  21  years,  or  more,  or  age. 

In  Table  III  are  given  the  essential  data  with  regard  to  this 
group  of  102  normal  subjects  who  are  21  years,  or  more,  of  age. 
The  most  interesting  evidence  in  this  table  is  the  fact  that  the 
surface  areas  agree  in  most  instances  within  1  per  cent,  as  calcu- 
lated by  the  Du  Bois  height-weight  formula  and  by  the  Harris  and 
Benedict  formulas  derived  according  to  the  method  given  in  the 
preceding  paper;  in  only  one  case  does  the  surface  area  as  calcu- 
lated by  the  two  methods  differ  by  as  much  as  5  per  cent.  The 
variations  in  the  height-weight  factors  are  in  all  cases  so  slight  that 
the  maximal  alteration  in  the  metabolic  rate  from  the  difference 
in  value  of  these  factors  expressed  as  sm-face  area  is  never  more 
than  6  points  from  that  calculated  by  the  Du  Bois  height-weight 
factors  for  sm-face  area,  and  is  usually  very  much  less.  On  the 
other  hand,  considerable  variation  is  caused  in  many  instances  by 
the  difference  in  value  between  the  two  standards  for  the  factors  of 
age  and  sex.  These  variations  in  the  age  and  sex  factors  develop 
differences  of  at  least  5  and  possibly  14  points  in  the  basal  metabolic 
rate  in  a  considerable  proportion  of  the  cases.  The  basal  metabolic 
rates,  as  calculated  Ijv  lioth  methods,  however,  are  in  agreement 
when  there  is  a  cancellation  of  the  variations  of  height  and  weight 
by  the  age  and  sex  factors,  or  when  all  factors  of  both  methods  are 
of  practically  eciual  value. 

We  have  also  calculated  a  table  similar  to  Table  III,  using  the 
data  reported  by  Harris  and  Benedict  (their  Tables  C  and  D) 
for  their  130  normal  men  and   103  normal  women.     The  calcu- 
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TABLE  III. 

Essential  Data  on  102  Normal  Persons. 


i 

Basal  metabolic 

Calories 

Surface 

area. 

rate. 

No. 

Sex. 

Age. 

Height. 

Weight. 

for  each 
24  hrs. 

Du  Bols* 

Harris 

DuBois 

Harris 

and 

height- 
weight 
formula. 

and 
Benedict 
formula. 

stand- 
ards. 

Benedict 
stand- 
ards. 

cm. 

itf. 

sg.  m. 

sq.  m. 

per  cent 

percent 

1 

F. 

21 

156.5 

55.6 

1,435 

1.54 

1.55 

+5 

+4 

2 

it 

21 

164.5 

48.0 

1,483 

1.50 

1.49 

+  11 

+  12 

3 

n 

22 

162.0 

64.6 

1,354 

1.68 

1.66 

-9 

-8 

4 

il 

22 

153.5 

47.0 

1,330 

1.42 

1.45 

+5 

+3 

5 

n 

22 

160.6 

73.9 

1,612 

1.77 

1.76 

+3 

+4 

0 

^t 

22 

159.5 

51.2 

1,439 

1.51 

1.51 

+7 

+8 

7 

it 

23 

170.0 

56.1 

1,390 

1.64 

1.59 

-4 

-1 

8 

(( 

24 

166.7 

83.9 

1,641 

1.93 

1.88 

-4 

-1 

9 

n 

24 

157.9 

57.7 

1,274 

1.57 

1.58 

-8 

-8 

10 

u 

24 

155.5 

67.2 

1,  529 

1.66 

1.68 

+4 

+4 

11 

" 

25 

161.9 

46.5 

1,294 

1.46 

1.47 

0 

+  1 

12 

" 

25 

154.6 

37.0 

1,303 

1.28 

1.35 

+  15 

+  11 

13 

u 

25 

158.6 

69.1 

1,461 

1.70 

1.70 

-3 

_2 

U 

it 

25 

165.6 

57.5 

1,342 

1.64 

1.59 

-8 

-4 

I.') 

It 

27 

164.0 

45.6 

1,330 

1.46 

1.46 

+3 

+5 

It; 

it 

27 

167.5 

60.0 

1,  .551 

1.66 

1.62 

+5 

+  10 

17 

It 

27 

168.5 

65.3 

1,598 

1.73 

1.68 

+4 

+9 

IS 

tt 

27 

154.4 

67.5 

1,434 

1.66 

1.68 

-3 

-2 

19 

tl 

28 

163.7 

68.6 

1,461 

1.75 

1.71 

-6 

-1 

•20 

it 

30 

164.4 

66.1 

1,466 

1.72 

1.68 

-3 

+  1 

21 

it 

31 

155.5 

66.8 

1,428 

1.65 

1.67 

-1 

-1 

oo 

it 

32 

163.9 

54.8 

1,248 

1.58 

1.56 

-10 

-6 

23 

it 

32 

166.3 

55.0 

1,410 

1.61 

1.57 

0 

+5 

24 

tt 

32 

152.0 

49.0 

1,191 

1.43 

1.47 

—  5 

—5 

25 

il 

33 

161.1 

49.5 

1,450 

1.50 

1.50 

+  10 

+  14 

2(1 

it 

33 

164.9 

69.8 

1,485 

1.77 

1.72 

-4 

+  1 

27 

It 

33 

157.0 

45.3 

1,233 

1.42 

1.44 

-1 

+  1 

2S 

it 

34 

165.0 

52.8 

1,500 

1.56 

1.&4 

+  10 

+  15 

29 

it 

34 

161.6 

69.2 

1,417 

1.73 

1.71 

—7 

-3 

30 

it 

35 

162.0 

53.4 

1,343 

1.55 

1.54 

-1 

+3 

31 

it 

36 

153.9 

63.8 

1,448 

1.61 

1.64 

+3 

+5 

32 

it 

36 

161.1 

56.3 

1,295 

1.58 

1.57 

-7 

-2 

33 

it 

36 

163.0 

64.0 

1,597 

1.68 

1.66 

+s 

+  14 

34 

it 

36 

172.0 

92.1 

1,818 

2.04 

1.98 

+2 

+8 

35 

it 

37 

160.6 

61.7 

1,367 

1.64 

1.63 

—  5 

0 

*  The  Du  Bois  surface  area  is  obtained  by  using  a  nomographic  chart 
and,  therefore,  may  vary  from  a  mathematically  calculated  area  by 
approximately  1  per  cent. 
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TABLE  m—Conlinxied. 


Calories 

Surface 

area. 

Basal  metabolio 
rate. 

No. 

Sei. 

Age. 

Height. 

Weight. 

for  each 
24  hrs. 

Du  Bois 

height- 
weight 
formula. 

Harris 

and 

Benedict 

formula. 

Du  Bois 

stand- 
ards. 

Harris 
and 
Benedict 
stand- 
ards. 

cm. 

*;;. 

sq.  m. 

sq.  tn. 

per  cent 

percml 

36 

F. 

37 

156.0 

46.2 

1,204 

1.42 

1.45 

+2 

+4 

37 

It 

37 

167  5 

56.9 

1,408 

1.63 

1.59 

-1 

+5 

38 

u 

39 

leo.o 

59.3 

1,386 

i.eo 

1.60 

-1 

+4 

39 

ii 

39 

160.1 

64.4 

1,493 

1.67 

1.65 

+2 

+8 

40 

n 

39 

154.5 

60.6 

1,  302 

1.59 

1.60 

-7 

-3 

41 

ic 

39 

159.8 

55.1 

1,382 

1.55 

1.55 

+2 

+7 

42 

11 

39 

154.5 

55.0 

1,377 

1.52 

1  54 

+4 

+7 

43 

it 

39 

153.0 

55.5 

1,333 

1.52 

1.54 

0 

+4 

44 

11 

41 

165.1 

61.8 

1,386 

1.66 

1.64 

-3 

+2 

45 

u 

42 

151.8 

76.5 

1, 552 

1.73 

1.77 

+4 

+5 

46 

n 

43 

176.6 

92.2 

1,712 

2  08 

1.99 

—  5 

+3 

47 

ii 

43 

153.5 

49.4 

1,239 

1.45 

1.48 

-1 

+2 

48 

it 

46 

163.3 

64.9 

1,467 

1.70 

1.67 

0 

+8 

49 

i{ 

46 

168.7 

86.9 

1,  651 

1.97 

1.92 

-3 

+4 

50 

li 

48 

163.8 

68.0 

1,401 

1.74 

1.70 

-7 

+  1 

51 

ii 

50 

165.8 

74.5 

1,  512 

1.82 

1.78 

-1 

+5 

52 

u 

50 

160.0 

52.7 

1,411 

1.53 

1.53 

+  10 

+  16 

53 

it 

52 

165.5 

90.0 

1,601 

1.98 

1.94 

-4 

+  1 

54 

it 

52 

159.0 

73.3 

1,  510 

1.76 

1.75 

+2 

+7 

55 

it 

52 

162.0 

44.7 

1,197 

1.44 

1.45 

-1 

+5 

56 

it 

53 

151.0 

51.7 

1,289 

1.45 

1  50 

+6 

+9 

57 

ti 

53 

165.7 

47.4 

1,397 

1.50 

1.48 

+  11 

+20 

58 

« 

55 

160.3 

46.4 

1,136 

146 

1.46 

■ —  i 

0 

59 

it 

55 

166.2 

67.0 

1.402 

1.73 

1.70 

-3 

+4 

60 

(t 

62 

158.5 

47.3 

1,267 

1.45 

1.47 

+7 

+  14 

61 

it 

67 

154.1 

45.9 

1,246 

1.41 

1.44 

+8 

+  17 

62 

M. 

22 

168.3 

66.3 

1,849 

1  76 

1.76 

+  11 

+  11 

63 

ii 

23 

173.1 

61.9 

1,822 

1.74 

1.73 

+  10 

+  12 

64 

tt 

23 

177.7 

76.9 

1, 860 

1.95 

1.97 

+  1 

+  1 

65 

11 

23 

168.7 

67.6 

1,647 

1.77 

1.79 

—  o 

-2 

66 

tt 

23 

180.0 

64.6 

1,894 

1.82 

1.80 

+  10 

+  11 

67 

tt 

24 

168.9 

59.2 

1, 688 

1.67 

1.67 

+7 

+8 

68 

It 

24 

172.0 

54.2 

1,570 

1.63 

1.61 

+2 

+4 

69 

ti 

25 

171.0 

58.0 

1,692 

1.68 

1.66 

+6 

+9 

70 

tt 

25 

180.2 

75.8 

1, 963 

1.96 

1.96 

+6 

+7 

71 

It 

25 

178.3 

70.5 

1,904 

1.88 

■  1.88 

+7 

+8 

72 

it 

27 

165.0 

61.3 

1,664 

1.66 

1.68 

+6 

+7 
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TABLE  111— Concluded. 


Surface 

area. 

Basal  metabolic 
rate. 

No. 

Sex. 

Age. 

Height. 

Weight. 

Calorics  - 
:or  each 
24hra. 

DuBois 
height- 
weight 

■ormula. 

Harris 

and 
Benedict 
ormula. 

Harris 
Du  Bois        and 
stand-    Benedict 
ards.        stand- 
ards. 

cm. 

*(/. 

eq.  m. 

sq.  7rt. 

percent 

per  cent 

73 

M. 

27 

173.4 

56.7 

1,644 

1.68 

1.65 

+3 

+8 

74 

27 

171.0 

62.0 

1,675 

1.73 

1  72 

+2 

+5 

75 

ii 

28 

171.8 

70.4 

1,773 

1.81 

1.85 

+3 

+i 

76 

" 

29 

161.3 

64.9 

1,588 

1.67 

1.71 

0 

+  1 

77 

" 

31 

167.6 

57.8 

1,595 

1.66 

1.64 

+  1 

+7 

78 

ii 

31 

169.0 

68.2 

1,524 

1.77 

1.80 

-9 

-7 

79 

li 

.32 

170  9 

60.8 

1,679 

1.71 

1.70 

+4 

+9 

80 

11 

33 

162.5 

68.0 

1,680 

1.72 

1.76 

+3 

+5 

81 

H 

34 

177.7 

66.9 

1,588 

1.83 

1.83 

-8 

-4 

82 

il 

35 

175.0 

61.0 

1, 656 

1.73 

1.72 

+  1 

+7 

83 

it 

35 

173.2 

66.0 

1,745 

1.79 

1.79 

-f-3 

+9 

84 

ii 

35 

172.2 

70.5 

1,748 

1.82 

1.85 

-1-1 

+  5 

85 

u 

35 

173.1 

70.4 

1, 658 

1.84 

1.85 

—  5 

0 

86 

u 

37 

172.9 

67.8 

1,680 

1.81 

1.81 

_2 

+4 

87 

n 

38 

164.0 

54.6 

1, 524 

1.58 

1.57 

+2 

+  10 

88 

u 

39 

170.0 

82.0 

1,776 

1.92 

2.00 

-2 

0 

89 

<( 

39 

172.0 

51.8 

1,382 

1.60 

1..58 

-9 

+1 

90 

" 

39 

180.8 

72.7 

1,827 

1.92 

1.93 

0 

+7 

91 

" 

40 

180.0 

89.9 

1,854 

2.09 

2.17 

-4 

-4 

92 

n 

43 

172.3 

70.2 

1,773 

1.83 

1.84 

+5 

+  11 

93 

n 

44 

181.0 

71.3 

1,830 

1.91 

1.91 

+4 

+  11 

94 

ii 

45 

167.1 

67.5 

1,593 

1.75 

1.78 

-2 

+4 

95 

ii 

47 

175.0 

68.8 

1,908 

1.84 

1.84 

+  12 

+21 

96 

ii 

51 

177.4 

62.0 

1,404 

1.78 

1.75 

-13 

-4 

97 

ii 

54 

178.4 

78. S 

1,535 

1.97 

2.00 

-13 

-8 

98 

n 

57 

182.6 

67.0 

1,730 

1.87 

1.85 

+  3 

+  14 

99 

ii 

58 

169.0 

58.2 

1, 393 

1.65 

1.65 

-6 

+5 

100 

ii 

58 

154.3 

60.8 

1,526 

1..58 

1.61 

+7 

+  19 

101 

it 

58 

179.0 

78.0 

1,690 

1.97 

1.99 

-5 

+3 

102 

i< 

m 

169.5 

53.2 

1,445 

1.61 

1.59 

+2 

+  16 

lation  of  the  surface  area  by  the  formulas  derived  from  the 
Harris  and  Benedit!t  heat  prediction  formulas  gives  on  their  own 
subjects  a  figure  almost  identical  with  the  surface  area  obtained 
by  the  Du  Bois  height-weight  formula.  Space  prevents  the 
reproduction  of  this  table  but  it  can  be  sununarized  as  follows: 


794 


Estimation  of  Basal  Metabolic  Rate 


The  average  surface  ai'ea  for  the  136  normal  men  according  to 
the  Du  Bois  height-weight  factors  is  1.76  .square  mcter.s  and 
according  to  the  Harris  and  Benedict  height-weight  factors  for 
men  is  also  1.76  square  meters;  for  the  103  normal  women  the 
Du  Bois  factors  give  an  average  of  1.59  square  meters  and  the 
Harris  and  Benedict  factors  for  women,  1.57  square  meters;  the 


TABLE  IV. 
Summary  by  Decades  of  the  Essential  Data  on  lOZ  Normal  Persons. 


Decade. 


Total 
No  of 
cases. 


Height. 


Weight. 


Surface  area. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Basal  metabolic 
rate. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Females. 


cm. 

ka. 

sq.  m. 

sq,  m. 

per  cent 

per  cent 

21-29 

19 

161.3 

59.1 

1.61 

1.60 

+0.9 

+2.3 

30-39 

24 

160.5 

59.3 

1.61 

1.60 

-0.4 

+3.6 

4(M9 

7 

163.4 

71.4 

1.76 

1.74 

-2.1 

+3.6 

50-59 

9 

161.8 

60.9 

1.63 

1.62 

+  1.4 

+7.4 

60-69 

2 

156.5 

46.6 

1.43 

1.46 

+7.5 

+  15.5 

Average 

61 

161.2 

60.4 

1.62 

1.61 

+0.3 

+4.2 

Males. 


21-29 

15 

172.0 

64.7 

1.76 

1.76 

+4.8 

+6.3 

30-39 

14 

171.6 

65  6 

1.76 

1.77 

-1.4 

+3.8 

40-49 

5 

175.0 

73.5 

1.88 

1.91 

+3.0 

+8.6 

50-59 

6 

173.5 

67.5 

1.80 

1.81 

-4.5 

+4.8 

60-69 

1 

169.5 

53.2 

1.61 

1.59 

+2.0 

+  16.0 

Average 

41 

172.4 

66.2 

1.78 

1.79 

+  1.0 

+5.7 

Average 

for     males     and 

females 

102 

165.7   62.8 

1.69 

1.68 

+0.6 

+4.S 

individual   variations  are  of  approximately  the  same  order  of 
magnitude  as  shown  in  our  own  series  given  in  Table  III. 

In  Table  IV  is  given  the  gi-and  average  of  the  102  normal 
persons,  and  the  average  for  each  decade  according  to  sex.  The 
average  sm-face  area  for  the  entu'e  group  calculated  by  the  Du 
Bois  height-weight  formula  is  1.69  square  meters  and  by   the 


W.  M.  Boothby  and  I.  Sandiford  795 

Harris  and  Benedict  factors,  1.68  square  meters,  a  negligible 
variation  of  0.6  per  cent.  The  average  basal  metabolic  rate  by  the 
Du  Bois  method  is  +0.6  per  cent  and  by  the  Harris  and  Benedict 
+4.8  per  cent,  again  showing  that  the  main  variation  in  the  results 
is  due  to  a  discrepancy  in  the  age-sex  factors  and  not  to  a  funda- 
mental disagreement  in  the  values  for  the  factors  of  height  and 
weight. 


^20 
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93.67. 
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Chart  3. 

On  Chart  3  are  plotted  the  basal  metabolic  rates  according  to  the 
Du  Bois  method  for  thirty-one  patients  who  had  severe  migraine, 
but  were  otherwise  entirely  normal.  It  shows  an  even  better 
percentage  of  cases  falling  within  the  Du  Bois  limits  of  normality 
and  only  eight  had  more  than  one  rate.  On  Chart  4  are  plotted 
the  basal  metabolic  rates  of  267  patients  with  chronic  nervous 
exhaustion,  and  on  Chart  5  the  rates  of  384  patients  with  neur- 
asthenia. These  two  groups  are  essentially  similar,  as  some  of 
our  clinicians  prefer  one  term  and  some  the  other,  although  as  a 
rule  under  the  latter  term  are  included  the  more  easily  excitable 
patients.  This  difference  in  temperament  is  illustrated  by  the 
tendency  for  the  first  metabolism  test  to  be  slightly  higher  in 
the  latter  group;  only  aliout  one-fourth  of  these  patients  had 
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more  than  one  rate.  Chart  6  illustrates  the  tendency  of  a  single 
clinical  determination  in  certain  persons  with  cardiac  neurosis  to 
be  above  the  present  Du  Bois  normal  standards,  while  the  rates  in 
obesitj-,  as  shown  in  Chart  7,  show  an  opposite  tendency.  Charts  8 
and  Qservc  to  illustrate  the  metabolic  rate  findings  in  patients 
with  gjTiecologic  and  gastrointestinal  diseases. 

T.\BLE  V. 

Comparison  of  the  Surface  Area  and  Basal  Metabolism  as  Calculated  bij  the 

Du  Bois  and  by  the  Harris  and  Benedict  Methods  in  jSS  Persons. 


Sex. 


Total 
No.  of 


Height 


Weight, 


Surface  area. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Basal  metabolic 
rate. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Chronic  nervous  exhaustion. 


Females 

Males 

"      and  females. 


222 

27 

249 


162.4 
172.6 
163.5 


kij. 

53.8 
60.6 
54.6 


sq.m.      sg,m.    percent  percent 


1.56 
1.71 
1.57 


1.55 
1.71 
1.56 


+  1.2 
+  1.0 

+12 


+5.0 

+5.7 
+5.1 


Migraine. 


"Ppnin.lps               

27 
2 

29 

161.3 
174.0 
162.1 

55.2 
66.0 
56.0 

1.56 
1.79 
1.58 

1.56 
1.79 
1.57 

-1.0 
+3.5 
-0.7 

+3.1 

IMalc^              

+  12.5 

+3.8 

Obesity 

61 
12 
73 

161.9 
173.3 
163.7 

96.1 

105.3 

97.6 

1.99 
2.17 
2.02 

2.00 
2.36 
2.06 

-0.8 
+0.1 
-0.7 

+  1.5 

Males                   

-3.9 

**       infl  f**niales         

+0.5 

Normals. 


61 

41 

102 

161.2 
172.4 
165.7 

60.4 
66.2 
62.8 

1.62 
1.78 
1.69 

1.61 
1.79 
1.68 

+0.3 
+  1.0 
+0.6 

+4.2 

+5.7 

"       inH  fpinales       

+4.8 

Tables  similar  to  Tables  III  and  I^'  have  been  made  for  the 
cases  of  chronic  nervous  exhaustion  (249),  migraine  (twenty-nine), 
and  uncomplicated  obesity  (73)  that  fall  within  the  limits  of  the 
Harris  and  Benedict  tables.  It  is  impracticable  to  publish  these 
in  full;  therefore,  only  the  averages  for  the  males  and  females  are 
given  in  Table  V.    The  surface  area  for  any  group  is  almost 
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TABLE  VI. 

Comparison  of  the  Basal  Metabolic  Rate  as  Calculated  by  the  DuBois  and  by 
the  Harris  and  Benedict  Methods  in  455  Persons. 


Percentage  range. 

» 

— . 

1 

1 

1 

1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

rt 

o 

lO 

o 

H 

n 

1 

1 

1 

1 

+ 

+ 

+ 

< 

1 

1 

Chronic  nervous  exhaustion. 


Du  Bois. 


Harris 
and 
Benedict. 


Female 

Male 

"    and  female. 

Female 

Male 

"    and  female. 


prr 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

222 

1 

3 

13 

52 

23 

7 

0.5 

88 

27 

7 

15 

52 

7 

19 

74 

249 

1 

4 

13 

52 

21 

8 

0.4 

87 

222 

0.5 

2 

S 

45 

25 

17 

5 

1 

74 

27 

11 

26 

33 

22 

7 

70 

249 

0.4 

2 

6 

43 

26 

18 

6 

1 

74 

Migraine. 


Du  Bois. 


Harris 
and 
Benedict. 


Female 

Male 

"    and  female. 

Female 

Male 

"    and  female . 


27 

7 

19 

56 

19 

93 

2 

100 

100 

29 

7 

17 

59 

17 

93 

27 

15 

52 

19 

15 

85 

2 

100 

0 

29 

14 

48 

17 

21 

79 

Obesity. 


Du  Bois. 


Harris 
and 
Benedict 


Female 

Male 

"    and  female. 

Female 

Male 

"    and  female. 


61 

2 

3 

7 

11 

52 

16 

8 

80 

12 

8 

25 

50 

8 

8 

83 

73 

1 

3 

7 

14 

52 

15 

8 

81 

61 

2 

8 

8 

46 

20 

15 

2 

74 

12 

17 

17 

58 

8 

83 

73 

1 

10 

10 

48 

IS 

12 

1 

75 

Normals. 


Du  Bois. 


Harris 
and 
Benedict 


Female 

Male 

"    and  female. 

Female 

Male 

"    and  female. 


61 

16 

66 

13 

5 

95 

41 

5 

10 

61 

19 

5 

90 

102 

2 

14 

64 

16 

5 

93 

61 

5 

64 

16 

10 

5 

85 

41 

5 

44 

29 

15 

5 

•> 

78 

102 

5 

56 

22 

12 

5 

1 

82 

In  the  calculations  the  percentages  were  carried  to  two  decimal  places. 
In  the  table  the  nearest  round  numbers  have  been  used,  thus  explaining 
apparent  slight  discrepancies  in  the  addition  of  the  percentages. 
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identifal,  whether  calculated  by  the  Harris  and  Benedict  or  the 
Du  Bois  formula.    The  least  variation  in  the  basal  metabolic 
rate  is  in  the  group  of  obese  persons,  because,  as  shown  in  the 
previous  paper,  the  age  and  sex  factors  of  Du  Bois  and  of  Harris 
and  Benedict  are  in  much  closer  agreement  for  large  than  for  small 
subjects.     In  Table  VI  are  given  the  percentages  of  subjects  who 
have  basal  metabolic  rates  within  certain  ranges  as  calculated  by 
the  Du  Bois  and  by  the  Harris  and  Benedict  methods.     A  study  of 
this  table  reveals  the  fact  that  the  basal  metabolic  rates,  as 
;alculated  by  the  Du  Bois  method,  are  more  often  between  -5 
and  +5  per  cent,  between  -10  and  +10  per  cent,  and  between 
-  15  and  +  15  per  cent  than  by  the  Harris  and  Benedict  method. 
As  we  have  said,  if  repeated  tests  were  made  a  considerable 
number  of  the  determinations  plotted  in  the  charts  above  the  zero 
line  would  be  from  1  to  5  points  lower;  while  a  smaller  proportion 
of  those  below  that  line  would  be  lowered  but  less  on  the  average. 
There  is  some  evidence  to  indicate  that  possibly  the  absolute  level 
of  the  Du  Bois  age  and  sex  standards  is  slightly  too  high;  how- 
ever, at  the  present  time  there  are  not  sufficient  data  available  to 
warrant  their  alteration.     In  om-  opinion  the  correlation  study  of 
Harris  and  Benedict  has  confirmed  the  accui-acy  of  the  Du  Bois 
height-weight  factors  independently  of  any  theoretic  considera- 
tions with  regard  to  surface  area  so  that  the  next  improvement 
to  be  anticipated  is  in  the  age-sex  factors. 

SUMMARY. 

The  charts  and  tables  show  the  high  percentage  of  persons  who 
have  normal  basal  metabolic  rates  according  to  the  Du  Bois 
standards,  unless  they  are  suffering  from  some  specific  disease 
characterized  by  an  alteration  in  the  basal  metabolism.  The 
limitations  of  the  basal  metabolic  rate  as  a  diagnostic  aid  can 
likewise  be  evaluated.  As  the  clinical  significance  of  abnornfal 
basal  metabolic  rates  will  be  treated  in  detail  in  other  publications, 
we  shall  not  here  discuss  this  phase  of  the  subject,  except  to  point 
out  that  the  data  here  presented  are  evidence  to  the  effect  that  the 
basal  metabolic  rate  differentiates  diseases  into  those  with  in- 
creased, normal,  and  decreased  metabolism  as  sharply  as  the 
temperature  divides  diseases  into  the  febrile  and  afebrile  groups. 
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The  two  points  we  wish  especially  to  emphasize  are;  first,  that  a 
high  percentage  of  persons  has  a  basal  metabolic  rate  within  ±10 
per  cent  and  a  very  high  percentage  within  ±15  per  cent  of  the 
Du  Bois  standards  for  age  and  sex  for  each  square  meter  of  body 
surface  provided  the  subjects  have  no  definite  disease  that  is 
characterized  by  a  pathologic  alteration  in  the  rate  of  heat  pro- 
duction; and  second,  that  a  smaller  percentage  of  these  same 
subjects  has  basal  metabolic  rates  within  the  same  limits  when 
the  Harris  and  Benedict  standards  are  used. 

CONCLUSION. 

The  Du  Bois  normal  standards  for  age  and  sex  based  on  calories 
for  each  square  meter  of  body  surface  determined  by  the  Du  Bois 
height-weight  formula  are  the  best  standards  at  present  available 
for  the  prediction  of  the  normal  heat  production,  as  shown  by  a 
study  of  the  basal  metabolic  rate  of  8,614  persons. 
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In  a  previous  paper^  it  was  reported  that  diacetone  glucose 
and  monoacetone  benzylidene  glucose  on  treatment  with  phos- 
phorus oxychloride  yield  two  phosphoric  esters,  which  seem  to 
differ  one  from  another  by  the  allocation  of  the  phosphoric  acid 

radical. 

It  was  mentioned  in  this  publication  that  additional  and,  if 
possible,  more  direct  evidence  of  the  structure  of  diacetone  glucose 
and  of  acetone  benzylidene  glucose  is  desirable  before  a  final  dis- 
cussion of  the  differences  in  the  two  phosphoric  esters. 

Two  views  have  been  advanced  regarding  the  structure  of  diace- 
tone glucose.  According  to  the  original  view  of  Irvine  and  Scott,^ 
the  respective  positions  of  the  substituting  groups  were  1,  2  and 
.3, 5.  Later,  Macdonald,'  in  Irvine's  laboratory,  revised  the  theory, 
ascribing  to  the  second  substituting  group,  the  position  5, 6.  Karrer 
and  Hurwitz,^  on  the  basis  of  very  imperfect  experimental  evidence, 
came  to  the  same  conclusion.  On  the  other  hand,  Irvine  and  Hogg* 
have  later  reversed  the  conclusion  of  Macdonald  and  attributed  to 
the  second  substituting  group  the  position  3,  5.  Thus,  at  present, 
the  two  views  are  still  under  discussion. 

The  present  communication  contains  direct  evidence  in  favor 
of  the  theory  that  in  diacetone  glucose  the  positions  of  the  ace- 
tone radicals  are  on  carbon  atoms  1,  2  and  5,  6. 

'  Levene,  P.  A.,  and  Meyer,  G.  M.,  /.  Biol.  Chcm.,  1922,  liii,  431. 
2  Irvine,  J.  C.,  and  Scott,  J.  P.,  J.  Chem.  Soc,  1913,  ciii,  568. 
•  Macdonald,  J.  L.  A.,  J.  Chem.  Soc,  1913,  ciii,  1890. 
<  Karrer,  P.,  and  Hurwitz,  O.,  Helvetica  Chim.  Ada,  1921,  iv,  728. 
'  Irvine,  J.  C,  and  Hogg,  T.  P.,  J.  Chem.  Soc.,  1914,  cv,  1386. 
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According  to  the  theory  of  Irvine  and  Hogg^  the  methj'lation  of 
diacetone  glucose  should  yield  6-niethyl  glucose.  This  on  oxidation 
should  yield  6-niethyl  gluconic  acid,  whereas  according  to  the  other 
theory  3-methyl  saccharic  acid  should  be  obtained.  On  oxida- 
tion of  the  methyl  glucose  prepared  by  us  l,4-anhydro-3-methyl 
saccharic  acid  of  the  following  structure,  was  obtained. 

-O 1 


I 

I       OH       II         I         OH 


o  =  c — c^o 


I 

C C COOH 

I  I  I  I 

H        OCH3H        H 


The  reasons  which  led  Lvine  and  Hogg  to  a  different  conclusion 
undoubtedly  lie  in  the  fact  that  they  failed  to  obtain  the  oxidation 
product  of  monomethyl  glucose  in  crystalline  form. 

Worli  on  the  acetone  benzylidene  glucose  is  in  progress.* 

EXPERIMENTAL. 

3-Methyl  Glucose. — -30  gm.  of  diacetone,  which  were  prepared 
as  previously  described,  were  methylated  with  an  excess  of  di- 
methyl sulfate  by  the  method  of  Haworth,'  using  150  cc.  of  30 
per  cent  sodium  hydroxide  and  90  cc.  of  dimethyl  sulfate.  The 
temperature  of  the  bath  was  kept  at  70°C.  The  product  of 
methj'lation  was  extracted  with  ether,  the  ethereal  solution  dried 
with  anhydrous  sodium  sulfate,  and  the  ether  removed  under 
diminished  piessure.  The  colorless  syrup  was  converted  into 
the  free  sugar.  For  this  purpose  it  was  dissolved  (2.5  gm.)  in 
400  cc.  of  50  per  cent  alcohol  containing  1.6  gm.  of  HCl,  and 
heated  in  boiling  water  with  reflux  for  70  minutes.  The  acid  was 
removed  with  silver  carbonate,  and  the  excess  of  silver  with  H2S. 
The  filtrate  was  decolorized  with  charcoal  and  concentrated  to  a 
syrup  under  diminished  pressure  without  heat.     The  syrup  was 

'  At  the  proof-reading  of  this  communication,  the  latest  publication  of 
Irvine  and  Patterson  (Irvine,  J.  C,  and  Patterson,  J.,  J.  Chem.  Soc,  1922, 
cxxi,  '.'1 4())  has  reached  us.  In  that  publication  they  attribute  to  the  diace- 
tone glucose  the  structure  of  a  7-glucose.  If  that  contention  is  further 
corroborated,  the  position  4  and  not  3  will  have  to  be  assigned  to  the 
methyl  group. 

'  Haworth,W.  N.,  J.  Chem.  Soc,  1915,  cvii,  S. 
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taken  up  in  a  small  amount  of  dry  methyl  alcohol  and  allowed  to 
crystallize  in  an  ice-alcohol  cooling  mLxture.  The  crude  product 
was  recrystallized  several  times  from  methyl  alcohol.  The  sub- 
stance was  identical  with  that  described  by  Irvine  and  Scott.^ 
It  melted  at  158°.  It  had  the  following  final  optical  rotation  in 
water: 

,  ,n      +1.14°  X  100  _   ,  ,_o 

The  substance  analyzed  as  follows: 

0.1030  gm.  substance:  0.1638  gm.  CO2  and  0.0684  gm.  H2O. 
CtHuOc.    Calculated.     C  43.30,  H  7.22. 
Found.  "  43.36,  "  7.43. 

1 ,4-Anhydro-3-Methjl  Saccharic  Acid.~-2  gm.  of  methyl  glu- 
cose were  dissolved  in  50  cc.  of  50  per  cent  nitric  acid  and  allowed 
to  stand  at  room  temperature  for  42  hours.  The  solution  was 
then  divided  onto  two  clock-glasses  and  rapidly  evaporated  on  a 
boiling  water  bath  to  complete  dryness.  This  was  moistened 
with  5  cc.  of  50  per  cent  nitric  acid  and  again  evaporated  to  dry- 
ness.    The  residue  was  then  evaporated  twice  with  5  cc.  of  water. 

The  dry  material  was  taken  up  in  acetone  and  ether  from 
which  it  was  obtained  crystalline.  It  sintered  and  turned  dark 
at  190°  and  melted  at  206-207°C. 

The  substance  had  the  following  optical  rotation: 

,  ,,.      -|-0.15°  X  100         ,  ,„ 
W"  =        0.5X2        -  +^^ 

The  substance  analyzed  as  follows: 

0.1077  gm.  substance:  0.1612  gm.  CO2  and  0.0490  gm.  H2O. 
C7H10O7.    Calculated.    C  40.76,  H  4.89. 
Foimd.  "  40.S1,  "  5.09. 

(J.  1006  gm.  of  substance  dissolved  in  water  required  for  immediate 
titration  5.4  cc.  of  0.1  n  alkali  (phenolphthalein  as  indicator).  On  allowing 
this  solution  to  stand  for  1  hour  with  an  excess  of  0.1  n  NaOH,  10.2  co.  of 
0.1  N  alkali  were  utilized.  The  theory  for  the  lactone  requires  4.85  cc.  of 
0.1  N  alkali  and  for  the  dibasic  acid  9.70  cc.  of  0.1  n  alkali. 
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It  was  previously  reported  that  benz.ylidene-l-ethyl-2-diazoglu- 
conate,  on  treatment  with  acetic  acid,  with  dry  hydrogen  chloride, 
and  with  dry  hydrogen  bromide,  is  transformed,  respectively,  into 
the  benzylidene  esters  of  gluconic,  chloromannonic,  and  bromoman- 
nonic  acids.'  In  no  instance  could  the  epimers  of  these  substances 
be  detected.  In  the  present  communication  are  reported  the  re- 
duction experiments  with  aluminum  amalgam.  Two  products 
are  obtained  as  a  result  of  this  reaction;  one  is  benzylidene-ethyl- 
chitosaminate  and  the  other  5,6-benzylidene-l-ethyl-2-desoxy- 
gluconate  (mannonate).  The  formation  of  the  chitosamine  de- 
rivative took  place  apparently  asymmetrically,  as  the  crude 
product,  judging  from  its  optical  rotation,  contained  no  traces 
of  its  epimer.     The  reaction  proceeded    in  the  following  way: 
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The   desoxygluconic   derivative   was  found   identical   with    the 
product  obtained  earlier  by  the  reduction  of  5,6-benzylidene-l- 

•  Levene,  P.  A.,'  J.  Biol.  Chem.,  1922,  liii,  449. 
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olhyl-2, 3-anhydvomaiir  ^^^^^^  ,^^^  formation  of  the  two  products 
in  our  experiments  i?  noteworthy  in  connection  with  the  experi- 
ence of  Stau  ^^^^^^j.  jjj^fj  j^jg  coworkers."  On  reduction  of  diazo- 
acetic  ester/ ^j^jj  aluminimi  amalgam  they  observed  the  formation 
of  only  one  product;  namely,  glj'cine  ester.  On  the  other 
hand,  on  reduction  with  hydrogen  gas  in  the  presence  of  palla- 
din-,n,  only  ethyl  acetate  was  formed. 

As  regards  the  mechanism  of  the  formation  of  the  desoxy 
derivative  the  following  possibility  had  to  be  considered.  It  had 
been  mentioned'  that  the  same  substance  was  formed  on  the  reduc- 
tion of  the  anhj'dro  derivative  of  the  following  composition: 

CH,  •  CH  •  CH  OH  •  CH  OH  •  COH  =  CH  ■  COOCjHs* 

I    "    ! 
o      o 


CHCeHs 

Since  the  aliphatic  diazo  derivatives  readily  lost  nitrogen  with 
the  formation  of  an  unsaturated  derivative  it  was  necessary  to 
test  whether  on  reduction  with  aluminum  amalgam  the  desoxy 
derivative  was  formed  through  the  intermediate  formation  of  the 
unsaturated  derivative.  In  view  of  this  possibility  it  was 
attempted  to  reduce  with  aluminum  amalgam  the  5,6-benzy- 
lidene-l-amino-2,3-anhydrogluconate.  The  result,  however,  was 
negative. 

EXPERIMENTAL. 

Reduction  of  Benzylidene-l-Ethyl-3-Diazogluconate  (Manno- 
nate) . — The  reduction  was  accomplished  by  means  of  freshly  pre- 
pared aluminum  amalgam  in  a  solution  of  the  diazo  derivative 
in  isopropyl  alcohol.  The  diazo  derivative  (10  gm.)  is  dissolved 
on  the  boiling  water  bath  in  the  solvent  (100  cc.)  and  to  the  warm 
solution  1.0  gm.  of  freshly  prepared  amalgam  is  added.  A  mild 
evolution  of  gas  sets  in  iuunediately  and  subsides  in  about  3  hours. 
The  reaction  product  is  then  filtered  and  a  new  lot  of  amalgam 

'  Staudinger,  H.,  Gtuile.  A.,  .and  Siegwart,  .J.,  Helvetica  Chim.  Ada, 
1921,  iv,  212. 

•The  substance  .should  be  graphically  presented-  in  this  form  and  not 
as  on  page  452,  Vol.  liii  of  this  Journal.  The  error  was  overlooked  in 
proof-reading. 
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added.  As  a  rule  three  renewals  of  the  amalgam  were  required 
to  complete  the  reduction.  Evolution  of  ammonia  gas  was 
noted  soon  after  the  beginning  of  the  reaction.  After  the  re- 
duction was  completed  the  clear  filtrate  from  the  aluminum  was 
concentrated  under  diminished  pressm-e,  and  the  residue,  at  first 
s>-rupy,  on  standing  tm-ned  into  a  crystalline  mass.  This  was 
transferred  into  an  evaporating  dish  by  means  of  warm  ether 
in  which  the  residue  dissolved  readily.  On  standing  it  soon 
crystallized  in  long  prismatic  needles.  The  yield  of  crystalline 
material  was  1.0  gm.  for  each  10  gm.  of  the  original  material. 
From  the  mother  liquor  further  crops  could  be  obtained.  This, 
however,  was  not  done,  so  as  not  to  affect  the  maximum  yield 
of  the  chitosaminic  acid  derivative  contained  in  the  filtrate. 

The  crystals  were  found  insoluble  in  water  and  in  dilute  aqueous 
mineral  acids,  but  very  soluble  in  ether,  alcohol,  methyl  alcohol, 
and  acetone.  For  analysis  it  was  recrystallized  out  of  ether.  It 
melted  at  124°C.  (corrected)  and  analyzed  as  follows: 

O.IOU  gm.  substance:  0.2272  gm.  CO2  and  0.0620  gm.  H2O. 
CsHjoOe.    Calculated.     C  60.81,  H  6.76. 
Found.  "  61.10,  "  6.84. 

The  rotation  of  the  substance  was: 

,   ,:.      -  0.56°  X  100  ^„„o 

Thus  this  substance  was  identical  with  the  benzylidene-1-ethyl- 
2-desoxygluconate  described  in  a  previous  publication.  The  mother 
liciuor  contained  the  derivative  of  chitosaminic  acid.  The  original 
mother  liquor  was  taken  up  in  100  cc.  of  2  per  cent  sulfuric  acid 
and  placed  on  a  water  bath  until  all  the  ether  was  evaporated 
and  all  the  benzaldehyde  settled  out  on  the  bottom  of  the  flask 
as  a  yellow  oQ.  The  reaction  product  was  cooled,  the  benzalde- 
hyde extracted  with  ether,  and  the  remaining  aqueous  layer 
allowed  to  stand  over  night  with  a  slight  excess  of  baryta  water. 
The  excess  of  barium  was  then  removed  quantitatively  with 
sulfuric  acid.  The  combined  mother  liquors  of  two  experiments 
of  10.0  gm.  each,  were  analyzed  for  amino  nitrogen  and  showed 
after  4  minutes  shaking  0.090   gm.  of  nitrogen,   equivalent  to 
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1.26  gm.  of  chitosaminic  acid.  This  aqueous  solution  was  con- 
centrated under  diminished  pressure  to  a  thick  syrup,  which  was 
transferred  to  a  small  beaker  by  means  of  a  little  meth3'l  alcohol. 
To  the  solution  methyl  alcohol  was  added  until  a  small  sticky 
precipitate  appeared.  The  beaker  was  placed  on  a  water  bath 
and  the  contents  were  stirred  until  the  chitosaminic  acid  began  to 
crystallize.  The  yield  of  the  crystalline  material  was  0.60  gm. 
This  material  without  further  purification  had  the  optical  rotation : 
[01]^=  — 15.0°  thus  showing  that  it  consisted  onlj^  of  chitosaminic 
acid  without  any  admixture  of  its  epimer.  For  purification  the 
combined  material  obtained  from  60  gm.  diazo  compound  was 
recrystallized  twice  from  dilute  methyl  alcohol.  The  final  sub- 
stance analyzed  as  follows: 

0.0200  gm.  were  dissolved  in  5  cc.  of  water. 

2  cc.  of  this  solution :  (Van  Slyke)  1.07  cc.  N2  at  26°C.,  757.4  mm. 
CsHuNOe.    Calculated.    N  7. IS. 
Found.  "  7.26. 

Its  optical  rotation  was: 

n      -  0.15°  X  100  _ 

^<  =  — Txl ~  ^^-^ 

In  order  to  test  the  purity  of  the  diazo  derivative  the  substance 
(20.0  gm.)  was  hydrolyzed  with  dilute  sulfuric  acid  and  treated 
in  exactly  the  same  manner  as  described  above.  The  resulting 
solution  showed  the  presence  of  0.003  gm.  of  nitrogen,  practically 
a  negligible  quantity. 

deduction  of  Benzylidene-l-Aynino-2,  S-Anhijdrogluconate  {Man- 
nonate). — The  substance  (5.0  gm.)  was  dissolved  in  300  cc.  of 
isopropyl  alcohol  and  freshly  prepared  aluminum  amalgam  was 
added  (1.0  gm.).  Only  a  slight  evolution  of  gas  was  noted. 
After  2  hours  the  reaction  product  was  filtered  and  to  the  filtrate 
another  portion  of  aluminum  amalgam  was  added.  The  flask 
was  allowed  to  stand  over  night,  and  the  clear  filtrate  concen- 
trated. The  residue  crystallized  in  the  distilling  flask.  The 
residue  was  dissolved  in  hot  ether  and  transferred  to  a  crystalliz- 
ing dish.  The  substance  crystallized  very  soon  and  was  filtered 
off  after  several  hours.     The  mother  liquor  on  evaporation  gave 
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a  very   insignificant  residue.     The   crystalline  material  melted 
ill  230°C.  and  analyzed  as  follows: 

O.IOGS  gm.  substance:  0.2308  gm.  CO2  and  0.0564  gm.  H2O. 
CuHuXOs.    Calculated.    C  58.84,  H  5.70. 
Found.  "  58.90,  "  5.90. 


The  optical  rotation  vvas: 


1.32°  X  100, 
1x2 


h:-~^-"^  ^.^-^_co.q» 
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oxygen  tension  (Peters, 
CuLLEN,  and  Austln) 

150 

— ,  venous,  distribution  in 

(Doisy  and  Beckmann) 

689 

Capacity,    blood,     oxygen 

unsaturation,    effect    of 

(Doisy,  Beiggs,  Eaton, 

and  Chambees) 

310 
Tension  and  blood  content 
of        carbon        dioxide 
(Peters,    Cullen,    and 
Austin)  149 

Xylose,  production  from, 
by  Aspergillus  niger 
(Peterson,  Fred,  and 
Schmidt)  27 

• — , ,  —    Penicillium 

glaucum         (Peterson, 
Fred,  and  Schmidt) 

29 
Carbon  monoxide : 

Asphyxia,  blood  sugar,  ef- 
fect on  (Tatum  and 
Atkinson)  332 

Carcharias  littoralis : 
See  Sand  shark. 
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Carcharinus  obscurus : 

Sec  Dusky  shark. 

Casein : 

Tryptophane  content 

(May  and  Rose) 

215 
Cephalins : 

Brain,  unsaturated  fatty 
acids  of  (Levene  and 
Rolf)  91 

Chlorides : 

Blood,  arterial  and  venous, 
concentration  in  (Doisy 
and  Beckmann) 

686 

—  content  after  fasting 
(Gross  and  Underbill) 

108 
(Underiiill  and  Wake- 
man)  705 

—  —  —  hemorrhage 
(Underiiill  and  Wake- 
man)  704 

—  —  of  fasting  rabbits, 
sodium  chloride,  effect 
of  (Underhill  and 
Wakeman)  708 

—  —  —  fasting  rabbits, 
sodium  tartrate,  effect  of 
(Underhill  and  Wake- 
man)  705 

,  parathyroidectomy, 

effect  of  "(Gross  and 
Underbill)  109 

— ,  determination,  sources 
of  error  (Greenwald 
and  Gross)  589 

Colorimeter : 

Bicolorimetric   work  (My- 
ers) 675 
Wedge  (Myers)  676 
Colorimetric  readings : 

llydrogc^n  ion  concentra- 
tion, conversion  chart 
(McClendon) 

647 


Corpuscles: 

Arterial,  volume  of  (Doisy 
and  Beckmann) 

690 
Beef  blood,  combined  uric 
acid    content    (Newton 
and  Davis)  601 

"N'enous  blood,  carbon  di- 
oxide content  (Doisy 
and  Beckmann) 

689 

,  volume  of   (Doisy 

and  Beckmann)        690 

Creatine : 

Blood  of  marine  fish,  con- 
tent of  (Denis) 

694 

Esterification     (Dox    and 

Yoder)  671 

Total  excretion,  constancy 

of,  in  children  (Harding 

and  Gaebler) 

579 
Creatine  )*-butyl  ester  hydro- 
chloride : 

Preparation  (Dox  and 
Yoder)  672 

Creatine    ethyl    ester    hydro- 
chloride : 

Preparation  (Dox  and 
Yoder)  672 

Creatine   methyl   ester  hydro- 
chloride : 

Preparation  (Dox  and 
Yoder)  671 

Creatinine : 

Blood  of  marine  fish,  con- 
tent of  (Denis) 

694 

Creatinuria : 

Age,  effect  of  (Harding 
and  Gaebler) 

583 
Sex,    effect    of    (Harding 
and  Gaebler) 

583 
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Cunner : 

Blood,  non-protein  nitro- 
gen of  (Denis) 

694 
Cunninghamella : 

sp.,  pentoses,  fermentation 
of,  by  (Peterson,  Feed, 
and  Schmidt)  21 

Cystine : 

Protein  of  tubercle  bacilli, 

content  of  (Johnson  and 

Bro-wn)  729 

Urine,     determination     in 

(Loonet)  171 

Cytosine : 

Tuberculinic  acid,  isolation 
from  (Johnson  and 
Brown)  734 

D 
Diabetes : 

Ketogeni  c-antiketogenic 
balance,    significance   of 
(Shaffer)  399 

Diacetone  glucose : 

Constitution  (Levene  and 

Meyer)  805 

Methylation  (Levene  and 

Meyer)  806 

Diazo  compounds: 

Aliphatic,    asymmetry    of 
(Levene  and  Mikeska) 
101 
Diazodiethyl  succinate : 

Benzoyldiethyl  malate, 
conversion  into  (Levene 
and  Mikeska) 

101 
Diet: 

Acid-forming,  calcium  me- 
tabolism, effect  on 
(BoGERT  and  Kirk- 
patrick)  375 

Base-forming,  calcium  me- 
tabolism, effect  on 
(BoGERT  and  Kirk- 
patrick)  375 


Diet — continued: 

Calcium  distribution  in 
body  in  rickets,  effect  on 
(McCann  and  Bar- 
nett)  203 

Ketogenic  balance,  effect 
on  (Shaffer)  436 

Phosphorus  distribution  in 
body  in  rickets,  effect 
on  (McCann  and  Bar- 
nett)  203 

Rickets,  effect  on  (McCol- 

LUM,  SlMMONDS,  BeCKER, 

and  Shipley)  249 

Diethyl  butylethylmalonate : 
Preparation  (Levene  and 
Taixor)  353 

Diethyl  butylheptylmalonate : 
Preparation  (Levene  and 
Tay-lor)  358 

Diethyl  malate : 

Benzoic    acid,    action    of 

(Levene  and  Mikeska) 

103 

Diethyl     1-methylheptylmalon- 

ate: 

Preparation  (Levene  and 
Taylor)  355 

Dihydrostrophanthidin : 

Preparation  (Jacobs  and 
Heidelberger) 

259 
Dihydrostrophanthidin        hen- 
zoate : 

Preparation  (Jacobs  and 
Heidelberger) 

261 
Disease : 

Basal  metabolic  rate,  dif- 
ferentiation by  (Booth- 
BY  and  Sandiford) 

801 

Disodium  hydrogen  phosphate : 

Blood    composition,    effect 

on  (Tisdall)  36 

Tetany   production,   effect 

on  (TiSD.UiL)  36 
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Dogfish: 

Blood,  non-protoin  nitre- 
Ken  of  (Denis) 

694 

Du  Bois  method : 

Basal  metabolic  rate 
(BooTUBY  and  Sandi- 
ford)  761 

Dusky  shark : 

Blood,  non-protein  nitro- 
gen of  (Denis) 

694 


Edestin : 

Tryptophane  content  (May 
and  Rose) 

215 

Egg  albumin : 

Tryptophane  content  (May 
and  Rose) 

215 
Emotional  excitation : 

Saliva,  human,  hydrogen 
ion  concentration  of 
(Stahr)  62 

Enzymes : 

Proteolytic,  of  spleen 
(Hedin)  177 

Ej."ieplirine: 

Sodium        iodoxybenzoate 

y       and,  alkaline  reserve,  ef- 

•  feet     on     (Tatum     and 

Atkinson)  337 

Erepsin : 

Spleen,  presence  in 
(Hedix)  178 

Ether: 

Blood     sugar,     effect     on 
(Tatum  and  Atkinson) 
342 
Ethyl  2-butylnonylate : 

Preparation  (Levene  and 
Taylor)  358 

Ethyl  2-ethylhexylate : 

Preparation  (Levene  and 
Taylor)  354 


2-Ethylhexanol : 

Preparation  (Levene  and 
Taylor)  354 

2-Ethylhexylic  acid : 

Preparation   (Levene  and 
Taylor)  354 

2-Ethylhexyl  iodide : 

Preparation  (Levene  and 
TA-i-LOR)  354 

Ethyl  3-methylnonylate : 

Preparation  (Levene  and 
Taylor)  356 


Fastmg : 

Blood  chloride  content, 
effect  on  (Underbill 
and  Wakeman) 

705 

—  hemoglobin  content,  ef- 
fect on  (Underbill  and 
Wakeman)  705 

— ,  inorganic  ions  of,  ef- 
fect on  (Gross  and 
Underbill)  108 

Urinary  composition  in 
rabbits,  effect  on  (Under- 
bill and  Kapsinow) 

718 

Fat: 

Ketogenic-autiketogenic  in- 
fluence (Sbaffer) 

405 

Tubercle    bacilli,    content 

of  (Johnson  and  Brown) 

724 

Feces : 

Calcium  content,  acid-  and 
base-forming  diets,  ef- 
fect of  (BoGERT  and 
Kirkpatrick)  380 

—  —  after  butter  fat 
feeding  (Bogert  and 
Trail)  387 

—  —  —  calcium  lactate 
(Bogert  and  Mc  Kit- 
trick)  363 


THE  JOCRXIL  OF  BIOLOOIC.U.  CHEMISTRY.   VOL.  LIV,  NO.  4 


832 


Index 


Feces — contimied: 

Calcium      content,     after 

magnesium  citrate  (Bog- 

ERT    and    McKittkick) 

363 

■ —    — ,    3^east,    effect    of 

(BoGERT  and  Trail) 

387 
Magnesium   content   after 
butter        fat        feeding 
(BoGERT  and  Trail) 

753 

—  —  —  calcium  lactate 
(BoGERT  and  McKit- 
trick)  363 

magnesium  citrate 

(BoGERT    and    McKit- 
trick)  363 

—  —  —  yeast  feeding 
(BoGERT  and  Trail) 

753 
Phosphorus   content   after 
butter        fat        feeding 
(BoGERT  and  Trail) 

753 

—  — •  —  yeast  feeding 
(BoGERT  and  Trail) 

753 
Fermentation: 

Pentoses  by  molds  (Peter- 
son, Fred,  and 
Schmidt)  19 
Folin-Wu  method : 

Blood    sugar,     comparison 

of,  with  Benedict  method 

(CsoNKA  and  Taggart) 

1 

Formaldehyde : 

Uric  acid  compound 
(Folin)  156 

Formic  acid: 

Methyl  alcohol  poisoning, 

excretion  in    (Benedict 

and  Harrop)  449 

Urine,     determination     in 

(Benedict  and  Harrop) 

443 


Formic  acid — continued: 

Urine,  occurrence  in  (Bene- 
dict and  Harrop) 

446 
Fructose : 

Glucose  mixture,   analysis 

of  (Cajori)  622 

Iodine,       reaction       with 

(Cajori)  618 

Fuconic  amide : 

Preparation  (Clark) 

71 
Fucose : 

Preparation  (Clark) 

68 
Structure  (Clark) 

65 
G 
Gliadin : 

Tryptophane  content 

(May  and  Rose) 

215 
Glucose : 

Determination  by  means  of 
iodine  (Cajori) 

621 
Fructose,  determination  in 
mixture  of  (Cajori) 

622 

Iodine,       reaction       with 

(Cajori)  618 

Molds,     fermentation     by 

(Peterson,    Fred,    and 

Schmidt)  24 

Sucrose    mixture,    anal.ysis 

of  (Cajori)  622 

Glutathione : 

"Atmungskorper,"  relation 
to  (Hopkins  and  Dixon) 
540 
Methylene  blue,  reduction 
of,    by    (Hopkins    and 
Dixon)  529 

Oxidation-reduction  sys- 
tem, tliermostable  (Hop- 
kins and  Dixon) 

527 
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Glutathione — continued: 

Respiratory  systems  of  tis- 
sues, relation  to  (Hop- 
kins and  Dixon) 

538 
Stability     (Hopkins     and 
Dixon)  537 

Gluten: 

Maize,  tryptophane  con- 
tent (May  and  Rose) 

215 

Glutenin : 

Tryptophane  content  (May 
and  Rose) 

215 

Glycinin: 

Tiyptophane  content  (May 
and  Rose) 

215 

Growth: 

Yeast  dosage  and  (Os- 
borne and  Mendel) 

739 

H 

Harris  and  Benedict  method : 
Basal       metabolic       rate 
(BooTHBY    and    Sanj)I- 
ford)  767 

Heat  production : 

Age,  relation  of  (Boothby 
and  Sandiford) 

776 
Sex,  relation  of  (Boothby 
and  Sandifoud) 

778 
Surface    area,    relation   to 
(Boothby    and    Sandi- 
ford) 767 
Hemoglobin : 

Blood  content  after  fastuig 
(Underhill  and  Wake- 
man)  705 
—  —  —  hemorrhage 
(Underhill  and  Wake- 
man)  704 


Hemoglobin — conUnued: 

Blood  content  of  fasting 
rabbits,  sodium  chloride, 
effect  of  (Underbill  and 
Wakeman)  708 

_  —  —  fasting  rabbits, 
sodium  tartrate,  effect  of 
(Underhill  and  Wake- 
man)  705 
Buffer  vahie  (Doist, 
Briggs,  Eaton,  and 
Chambers) 

309 

Reduced,        alkali-binding 

value       (Van       Slyke, 

Hastings,    Heidelber- 

GER,  and  Neill) 

481 

— ,     buffer     value     (Van 

Slyke,  Hastings, 

Heidelberger,  and 

Neill)  481 

Hemolysis : 

Gas  and  electrolyte  eqm- 
libria  in  blood,  effect  on 
(Austin,  Cullen,  Hast- 
ings, McLean,  Peters, 
and  ^'AN  Slyke) 

127 

Hemorrhage : 

Blood  chloride  content,  ei- 
fect  on  (Underhill  and 
Wakeman) 

704 
—  hemoglobin  content,  ef- 
fect on  (Underbill  and 
Wakeman)  704 

Histamine : 

Blood  concentration  in 
rabbit,  effect  on  (Under- 
hill and  Roth) 

G07 

Histidine: 

Protein  of  tubercle  bacilli, 
content  of  (Johnson  and 
Brown)  729 
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Humin: 

Protein  of  tubercle  bacilli, 
content  of  (Johnson  and 
Brown)  729 

Hydrocarbons : 

Tertiary,       oxidation       of 
(Levene  and  Taylor) 
351 
Hydrochloric  acid : 

Alkali,  titratable,  of  blood, 
effect  on  (Greenwald 
and  Lewman)  275 

Ether  hyperglycemia,  ef- 
fect on  (Tatum  and 
Atkinson)  344 

Spleen  enzymes,  action  on 
(Hedin-)'  187 

Hydrogen  ion  concentration: 
Colorimetric  readings,  con- 
version   chart   for    (Mc- 
Clendon)  647 

Saliva,  dilution,  effect  of 
(Stare)  47 

— ,  hmiian,  alveolar  carbon 
dioxide,  effect  of  (Starr) 
56 
— ,    — ,    deep    breathing, 
effect  of  (Starr) 

59 
— ,_ — ,    emotional   excita- 
tion, effect  of  (Starr) 

62 
— ,  — ,  mixed  (St.uir) 

49 

— ,  — •,  sodium  bicarbonate, 

effect  of  (Starr)  56 

Serum,     phosphoric    acid, 

effect  of  (Tisdall) 

36 
Hydrogen  peroxide : 

Tissue,  reducing  power,  ef- 
fect on  (Hopkins  and 
Dixon)  533 

Hyperglycemias : 

Drug,  asphyxia,  relation  of 

(Tatum  and  Atkinson) 

331 


Hyperglycemias — continued: 
Epinephrine,  sodiimi 

iodoxybenzoate,      effect 
of   (Tatum  and  Atkin- 
son) 347 
Ether,     alkali,     effect     of 
(Tatum  and  Atkinson) 
344 
— ,   hydrochloric  acid,   ef- 
fect    of     (Tatum     and 
Atkinson)                 344 


Indole : 

Nitrogen  metabolism  of 
rabbit,  effect  on  (Under- 
HiLL  and  Kapsinow) 

717 
Iodine : 

Fructose,  reaction  with 
(Cajori)  618 

Glucose,  oxidation  of 
(Cajori)  618 

Maltose,  reaction  with 
(Cajori)  625 

Organic,  iodiiie  content  of 
hyperplastic  thyroid 

gland,    effect    on    (van 
Dyke)  12 

Thyroid  gland,  distribu- 
tion in  hyperplastic, 
after  intravenous  injec- 
tion of  iodine  compounds 
(van  Dyke)  11 

Isoquercitrin : 

Maize,  brown-husked,  iso- 
lation from  (Sando  and 
Bartlett) 

636 
Isostrophanthidin : 

Preparation  (Jacobs  and 
Heidelberger) 

261 
Isostrophanthidin  benzoate : 
Preparation    (Jacobs    and 
Heidelberger) 

261 
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Ketogenic-antiketogenic      bal- 
ance : 

Diabetes,    significance    in 
(Shaffer)  399 

Ketogenic  balance : 

Calculation  (Shaffer) 

407 
Factors  influencing  (Shaf- 
fer) 43(5 
Practical            significance 
(Shaffer)  435 
Ketosis : 

Threshold  (Shaffer) 

433 


Lactalbumin : 

Tryptophane  content 

(May  and  Rose) 

215 
Lactic  acid : 

Alkali,  titratable,  of  blood, 
effect  on  (Greenwald 
and  Lewman)  275 

Lactose : 

Cat,  metabolism  by 
(Pucher  and  Cori) 

577 

Lard: 

Vitamine  A  content  (Mal- 
LON  and  Clark) 

763 
Lecithins : 

Brain,  unsaturated  fatty 
acids  of  (Levene  and 
Rolf)  99 

Legumin : 

Tryptophane  content 

(May  and  Rose) 

215 

Lithium  oxalate : 

Blood  clotting,  prevention 
of  (Folin)  164 

Preparation  (Folin) 

164 


Lysine: 

Protein  of  tubercle  bacilh, 
content  of  (Johnson  and 
Brown)  729 

M 

Magnesium: 

Blood  content,  fasting,  ef- 
fect of  (Gross  and 
Underbill)  108 

,  parathyroidectomy, 

effect    of    (Gross    and 
Underbill)  109 

Colorimetric  determina- 
tion (H.vMMETT  and 
Adams)  565 

Metabolism,  butter  fat, 
effect  of  (BoGERT  and 
Trail)  753 

— ,  calcium  lactate,  effect 
of  (BoGERT  and  McKit- 
trick)  363 

— ,  magnesium  citrate,  ef- 
fect of  (BoGERT  and 
McKittrick)  363 

— ,  yeast,  effect  of  (Bo(;ert 
and  Trail)  "53 

Rat     tissue,     content     of 
(Buckxer   and   Peter) 
7 
Magnesium  citrate : 

Calcimu  metabolism,  ef- 
fect on  (Bogert  and 
McKittrick)  363 

INIagnesium  metaboUsm,  ef- 
fect on  (Bogert  and 
McKittrick)  363 

Maize : 

Mendclian  color  types, 
jiigments  of  (Sando  and 
Bartlett)  629 

Maltose : 

locUno,  reaction  with 
(Cajori)  625 

Menhaden : 

Blood,  non-protein  nitro- 
gen of  (Dexis)  694 
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Metabolism : 

Calcium      (Bogert      and 

McKitteick)  363 

— ,  acid  and   base-forming 

diets,  effect  of  (Bogert 

and  Kirkpatrick) 

375 
— ,    butter    fat,    effect    of 
(Bogert  and  Trail) 

387 
— ,  yeast,  effect  of  (Bogert 
and  Trail)  387 

Inorganic  (Bogert  and 
Trail)  753 

—  salts  (Gross  and 
Underbill)  105 

Lactose  by  cat  (Pucher 
and  Cori)  577 

Magnesium  (Bogert  and 
McKittrick)  363 

Milk  by  cats  (Pucher 
and  Cori)  567 

Nitrogen,  indole,  effect  of 
(Underhill  and  Kapsi- 
-Vow)  717 

— ,  skatole,  effect  of  (Un- 
derbill and  Kapsinow) 
717 
Methyl  alcohol: 

Poisoning,  formic  acid  ex- 
cretion in  (Benedict 
and  Harrop) 

449 
5-Methyl-dodecane : 

Preparation  (Levene  and 
Taylor)  359 

Methylene  blue : 

Glutathione,  reduction  bj^ 
(Hopkins    and    Dixon) 
529 
3-Methylglucose : 

Diacetone  glucose,  prepa- 
ration from  (Levene 
and  Meyer)  806 

3-Methylheptane : 

Preparation  (Levene  and 
Taylor)  355 


3-Methylnonane : 

Preparation   (Levene  and 
Taylor)  356 

5-Methylnonane : 

Oxidation     (Levene     and 
Ta\xor)  359 

Preparation   (Levene  and 
Tai-lor)  357  ■ 

3-Methylnonanol : 

Preparation  (Levene  and 
Taylor)  356 

3-Methylnonylic  acid : 

Preparation   (Levene  and 
TA-i-LOR)  356 

3-Methylnonyl  iodide : 

Preparation  (Levene  and 
Tai-lor)  356 

Methyl  tetronic  acid  lactone : 
Preparation    from    fucose 
(Clark)  70 

Methyl  tetronic  amide : 
Preparation  (Clark) 

71 
Milk: 

Metabolism        by        cats 
(Pucher  and  Cori) 

567 
Mineral  matter: 

Rat     tissue,     content     of 
(Buckner   and    Peter) 
5 
Mold: 

Glucose,    fermentation   of, 

by     (Peterson,     Fred, 

and  Schmidt)  24 

Growth     produced     from 

xylose  (Peterson,  Fked, 

and  Schmidt)  25 

Pentoses,  fermentation  of, 

by     (Peterson,     Fred, 

and  Schmidt)  19 

Muscle : 

Marine   fish,    amino  nitro- 
gen content  (Denis) 

698 
Mustelis  cams: 
See  Dogfish. 
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Mycelium : 

Composition,  elementary 
(Peterson,  Fred,  and 
Schmidt)  30 

Myoxocephalus  aenems: 

See  Sculpin. 

N 

Nitrogen : 

Amino,  of  blood  and  mus- 
cle of  marine  fish 
(Denis)  1598 

Metal)olisra,  indole,  effect 
of  (UxDERHiLL  and 
Kapsinow)  717 

— ,  skatole,  effect  of  (Un- 
DERHiLL  and  Kapsinow) 
717 
Non-protein,    of   blood   of 
marine  fish  (Denis) 

694 
Protein  of  tubercle  bacilli, 
distribution    in     (John- 
son and  Brown) 

729 

Nitron: 

Blood  alkaUnity,  use  m 
determining  (Green- 
WALD  and  Lewman) 

206 

Nucleic  acid : 

Tubercle  bacilli  (Johnson 
and  Brown)  721 

Nutrition : 

Vitamine  B,  role  of  (Os- 
borne and  Mendel) 

739 

Yeast,     amount    of,     and 

(Osborne  and  Mendel) 

739 


O 

Oleic  acid: 

Cephalin,  brain,    isolation 

from  (Lev  EN  E       and 

Rolf)  96 


Oleic  acid — continued: 

Lecithin,  l)rain,  isolation 
from  (Levene  and 
Rolf)  99 

Ovovitellin : 

Tryptophane  content 

(May  and  Rose) 

215 

OxdJ3.t6S  t 

Alkali,  titratable,  of  blood, 
effect  on  (Greenwald 
and  Lewman)  272 

Oxygen: 

TensioD  and  blood  content 
of  carbon  dioxide 
(Peters,  Cullen,  and 
Austin)  150 

Tissue,  uptake  by,  gluta- 
thione, effect  of  (Hop- 
kins and  Dixon) 

536 
Oxygen  unsaturation : 

Blood,  effect  on  (Doist, 
Briggs,  Eaton,  and 
Chambers) 

310 

Isohydric  correction 

(Doisy,  Briggs,  Eaton, 

and  Chambers)  314 

Oxyhemoglobin : 

Alkali-binding  value  (Van 
Slyke,  Hastings,  Hei- 
delberger,  and  Neill) 
481 
Buffer  value  (Van  Slyke, 
Hastings,  Heidelber- 
GER,  and  Neill) 

481 

P 

Paraffin : 

Hydrogen  ion  concentra- 
tion of  saliva,  effect  on 
(Starr)  49 

Parathyroidectomy : 

Blood  composition,  effect 
on  (Gross  and  Under- 
bill) 108 
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Penicillium : 

caviemlerti,  pentoses,  fer- 
nipntation  of,  by 
(Petersox,  Fred,  and 
Schmidt)  21 

glaucim,  carbon  dioxide 
from  xylose  by  (Peter- 
son, Fred,  and 
Schmidt)  29 

— ,  elementary  composi- 
tion (Peterson,  Fred, 
and  Schmidt)  30 

— ,  pentoses,  fermentation 
of,  by  (Peterson,  Fred, 
and  Schmidt)  21 

• —  I,  pentoses,  fermentation 
of,  bj'  (Peterson,  Fred, 
and  Schmidt)  21 

roquejorti,  pentoses,  fer- 
mentation of,  by 
(Peterson,  Fred,  and 
Schmidt)  21 

sp.,  pentoses,  fermentation 
of,  by  (Peterson,  Fred, 
and  Schmidt)  21 

Pentoses : 

Fermentation  by  molds 
(Peterson,  Fred,  and 
Schmidt)  19 

Phaseolin : 

Tryptophane  content 

(May  and  Rose) 

215 
Phosphoric  acid : 

Blood  composition,  effect 
on  (Tisdall)  36 

Phosphorus : 

Balance  in  milking  cow, 
alfalfa  hay,  effect  of 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and 
Humphrey)  78 

—  —  —  — ,  bone  meal, 
effect  of  (Hart,  Steen- 
bock, Hoppert,  Bethke, 
and  Humphrey) 


Phosphorus — continued: 

Balance  in  milking  cow 
timothy  hay,  effect  of 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and 
Humphrey)  78 

Blood  content,  alfalfa  hay, 
effect  of  (Hart,  Steen- 
bock, Hoppert,  Bethke, 
and  Httmphrey)  82 

—  — ,  fasting,  effect  of 
(Gross  and  Underhill) 

108 

,  parathyroidectomy, 

effect  of  (Gross  and 
Underhill)  109 

,  timothy  hay,  effect 

of  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  82 

Distribution  in  body  in 
rickets  (McCann  and 
Barnett)  203 

Metabolism,  butter  fat,  ef- 
fect of  (Bogert  and 
Trail)  753 

— ,  yeast,  effect  of  (Bo- 
gert and  Trail) 

753 

Rat     tissue,     content     of 
(BucKNER  and  Peter) 
7 

Serum  content,  disodium 
hydrogen  phosphate,  ef- 
fect of  (Tisdall) 

36 

—  — ,  phosphoric  acid, 
effect  of  (Tisdall) 

36 
Picric  acid : 

Alkalinity  of  blood,  effect 
on  determination  of 
(Greenwald  and  Lew- 

MMi)  271 

Purification  for  creatinine 
determinations  (Bene- 
dict) 239 
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Pigments : 

Maize,  Mendelian  color 
types  (Sando  and  Bart- 
lett)  ^29 

Pilocarpin : 

Blood  concentration  m 
rabbit,  effect  on  (Under- 
HiLL  and  Roth) 

607 

Plasma : 

Venous  blood,   carbon  di- 
oxide    content     (DoisY 
and  Beckmann)         689 
Potassium : 

Blood  content,  fasting,  ef- 
fect of  (Gross  and 
Underhill)  108 

,  parathyroidectomy, 

effect    of    "(Gross    and 
Underhill)  109 

Metabolism  (Gross  and 
Underbill)  118 

Rat  tissue,  content  of 
(BucKNER  and  Peter) 

Potassium  iodide: 

Iodine  distribution  in  thy- 
roid gland,  effect  on 
(van  Dyke)  12 

5-Propylnonane : 

Preparation  (Levene  and 
Taylor)  357 

a-Protease : 

Spleen,  presence  in 
(Hedin)  178 

;8-Protease : 

Spleen,  presence  in 
(Hedin)  178 

Protein: 

Kctogenic-antiketogenic 
influence  (Shaffer) 

405 
Tryptophane  content 

(May  and  Rose) 

213 

Tubercle  bacilli  (Johnson 

and  Brown)  729 


Protein  precipitants: 

Chloride  determination,  ef- 
fect on  (Greenwald  and 
Gross)  589 


Rat  tissue : 

Mineral     content     (Buck- 
NER  and  Peter)  5 

Resorcinol : 

Uric    acid    determination, 
eifect  on  (Folin) 

162 

Respiratory  systems: 

Glutathione,     relation     of 

(Hopkins    and    Dixon) 

538 

Rhizopus : 

nigricans,     pentoses,     fer- 
mentation of,  by  (Peter- 
son, Fred,  and  Schmidt) 
21 

d-Ribose : 

Uric  acid  complex  in  blood 
(Davis,  Newton,  and 
Benedict)  598 

Rickets : 

Calcium  distribution  in 
(McCann  and  Bar- 
nett)  203 

Phosphorus  distribution  in 
(McC.ann  and  B.ar- 
nett)  203 

Purified  food  substances, 
production  by  (McCol- 

LUM,  SlMMONDS,  BeCKER, 

and  Shipley)  249 


Saccharomyces  cerevisiae : 

See  Yeast. 
Saccharomyces  ellipsoideus : 

Sec  Yeast. 
Saliva: 

Human,  hydrogen  ion  con- 
centration, alveolar  car- 
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Saliva — continued: 

bon    dioxide,    eflfect    of 
(St.uir)  56 

— , ,  deep  breath- 
ing, effect  of  (Starr) 

59 
— ,    — ■   — •   — ,    emotional 
excitation,       effect       of 
(Starr)  62 

— ,  —  ■ ,  sodium  bi- 
carbonate, effect  of 
(Starr)  56 

— ,   mixed,    hydrogen    ion 
concentration  of  (Starr) 
49 
Hj'drogen    ion    concentra- 
tion,  dihition,   effect  of 
(Starr)  47 

Sand  shark: 

Blood,    non-protein    nitro- 
gen of  (Dexis)  694 
Sculpin: 

Blood,  non-protein  nitro- 
gen of  (Denis) 

694 
Serum: 

Composition,  disodium  hy- 
drogen phosphate,  effect 
of  (Tisdall)  36 

-^,  phosphoric  acid,  effect 

of  (TiSDALt)  36 

Sex: 

Creatinuria,  effect  on 
(Harding  and  Gabb- 
ler) 583 

Heat  production,  relation 
to  (Boothby  and  Sandi- 
ford)  778 

Skatole : 

Nitrogen  metabolism  of 
rabbit,  effect  on  (Un- 
derbill and  Kapsinow) 

717 
Skeleton : 

Rickets,  composition  in 
(McCann  and  Bar- 
nett)  203 


Sodium : 

Blood  content,  fasting,  ef- 
fect of  (Gross  and 
Underhill)  108 

—  — ,  parathyroidectomy, 
effect  of  (Gross  and 
Underhill)  109 

Serum  content,  disodium 
hydrogen  phosphate,  ef- 
fect of  (Tisdall) 

36 

—  — ,  phosphoric  acid, 
effect  of  (T1SDAI.L) 

36 
Tetany  production,   effect 
on  (Tisdall) 

35 
Sodium  bicarbonate : 

Blood  alkah,  effect  on 
(Greenwald) 

291 

Saliva,    human,    hydrogen 

ion  concentration,  effect 

on  (St.arr)  56 

Sodium  carbonate : 

Alkah,  titratable,  of  blood, 

effect    on    (Greenwald 

and  Lewman)  276 

Blood     alkali,     effect     on 

(Greenwald)  292 

Sodium  chloride : 

Blood  chlorides  of  fasting 
rabbits,   effect   on    (Un- 
derbill and  Wakeman) 
708 

—  hemoglobin  of  fasting 
rabbit,  effect  on  (Un- 
derbill and  Wakem.an) 

708 

—  volume  of  fasting  rab- 
bits, effect  on  (Under- 
bill and  Wakeman) 

708 
Sodium  cyanide: 

Alkaline  reserve  of  blood, 
effect  on  (Tatum  and 
Atkinson)  333 
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Sodium  cya.mde— continued: 
Blood     sugar,     effect     on 
(Tatum  and  Atkinson) 
^  333 

Sodium  iodoxybenzoate : 

Alkaline  reserve  of  blood, 
effect  on  (Tatum  and 
Atkinson)  335 

Blood  sugar,  effect  on 
(Tatum  and  Atkinson) 
^  335 

Epinephrine  and,  alkaline 
reserve  of  blood,  effect 
on  (Tatum  and  Atkin- 
son) ^^^ 
—  hyperglycemia,  effect 
on  (Tatum  and  Atkin- 
son) 347 
Sodium  salts: 

Toxicity,  comparative 

(Geeenwald)  296 

Sodium  tartrate : 

Blood  chlorides  of  fastmg 
rabbit,    effect    on    (Un- 
derbill and  Wakeman) 
705 
—  hemoglobin   of  fasting 
rabbit,    effect    on    (Un- 
derbill and  Wakeman) 
705 

Spleen: 

Autolysis,    acid,    effect    ot 

(Hedin)  190 

Enzymes,  proteol\i.ic 

(Hedin)  177 

Stammerers : 

Saliva,  hydrogen  ion  con- 
centration of  (Starr) 

61 

Stearic  acid : 

Cephalin,  brain,  isolation 
from  (Levene  and 
Rolf)  95 

Strophanthidin: 

Preparation  (Jacobs  and 
Heidelberger) 

255 


Strophanthidm  benzoate : 

Preparation    (Jacobs    and 

Heidelberger)         257 

Strophanthidin       73-bromobeii- 

Preparation    (Jacobs    and 
Heidelberger) 

257 
Strophanthidm  p-bromophenyl- 
hydrazone : 

Preparation    (Jacobs    and 
Heidelberger) 

259 

Strophanthidin  oxime : 

Preparation    (Jacobs    and 
Heidelberger) 

258 
Strophanthidin      phenylhydra- 

zone : 

Preparation  (Jacobs  and 
Heidelberger)         258 

Sucrase: 

Banana  (Falk  and  Mc- 
Guire)  655 

Soluble  and  insoluble,  re- 
lation of  (Falk  and  Mc- 
Guire)  655 

Sucrose : 

Fructose  and,  determma- 
tion  of  glucose  in 
(Cajori)  622 

Sugar: 

Blood.     Sec  Blood  sugar. 

Surface  area: 

Basal  heat  production,  re- 
lation to  (BooTBBY  and 
Sandiford)  767 

Body,  comparison  of 
methods  for  determining 
(BooTBBY  and  Sandi- 
ford) 767 


Tantog: 

Blood,    non-protem    nitro- 
gen of  (Denis) 
^  694 
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Tantoga  anitis : 

See  Tantog. 
Tantogolabrus : 

<SVe  Cunncr. 
Tetany: 

Alkalosis,        relation        of 

(Greenwald)  285 

Calcium  lactate,  effect  of, 

on  (Gross  and  Under- 

hill)  110 

Gastric,  blood  changes  in 

(Tisdall)  40 

Parath3a-oid,    organic    ion 

balance     of     blood     in 

(Gross  and  Underhill) 

105 

Production,     sodium     ion, 

influence  of  (Tisdall) 

35 
Thymine : 

Tuberculinic  acid,  isolation 
from  (Johnson  and 
Brown)  735 

Thyroid  gland : 

Hyperplastic,  iodine  dis- 
tribution in,  after  intra- 
venous injection  of  io- 
dine compounds  (van 
Dyke)  H 

Timothy  hay : 

Calcium  assimilation  in 
millving  cow,  effect  on 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and  Hum- 
phrey) 78 

—  content  of  blood,  effect 
on  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  84 

Phosphorus  balance  in 
milking  cow,  effect  on 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and  Hum- 
phrey) 78 

—  content  of  blood,  effect 
on  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  82 


Tissues : 

Calcium  content  in  rickets 
(McCann  and  Bar- 
nett)  203 

Glutathione,    function    of, 
in  (Hopkins  and  Dixon) 
527 
Oxj^gen      uptake,      gluta- 
thione,  effect  of   (Hop- 
kins and  Dixon) 

536 

Phosphorus      content      in 

rickets    (McCann    and 

Barnett)  203 

Reducing  power,  effect  of 

drj'ing  on  (Hopkins  and 

Dixon)  530 

— )    —    —    hydrogen 

peroxide   (Hopkins  and 

Dixon)  533 

Titanous  chloride : 

Blood  alkalinity,  use  of, 
in  determining  (Green- 
wald and  Lewman) 

268 
"Total  creatine  coefficient:" 
Definition    (Harding   and 
Gabbler)  580 

Pathological        conditions 
(Harding     and     Gabb- 
ler) 585 
Toxicity : 

Ammonium  salts  (Under- 
hill and  Kapsinow) 

451 
Tryptophane : 

Colorimetric  determina- 
tion (May  and  Rose) 

213 
Proteins,  conteot  of  (May 
and  Rose)  213 

Tubercle  bacilli : 

Inorganic  constituents 

(Johnson  and  Brown) 

725 

Nucleic  acid  of  (Johnson 

and  Brown) 

721 
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Tubercle  bacilli— cort//"Merf; 
Protein    residue,    nitrogen 
distribution    in     (John- 
son and  Brown) 

729 
Tuberculinic    acid,    prepa- 
ration of  (Johnson  and 
Brown)  731 

Tuberculinic  acid : 

Pyriniidines    of    (Johnson 
"and  Brown)  731 

Tubercle  bacilli,  prepara- 
tion from  (Johnson  and 
Brown)  721 

U 

Urea : 

Blood  of  marine  fish,  con- 
tent of  (Denis)  69-1 
Uric  acid : 

Blood,     determination     in 
(Folin)  153 

—  of  marine  fish,  content 
of  (Denis)  694 

Colorimotric       determina- 
tions (FoLix)  160 
Combined,   blood   of  vari- 
ous animals,  presence  in 
(Newton  and  Davis) 

603 
— ,     corpuscles     of     beef 
blood,  content  of  (New- 
ton and  Davis) 

601 
— ,  in  beef  blood  (Davis, 
Newton,     and     Bene- 
dict) 595 
Determination          (Bexe- 
dict)  233 
Formaldehyde     compound 
(Folin)  156 
d-Ribosc  complex  in  blood 
(Davis,    Newton,    and 
Benedict)  598 
Standard  solution   (Bene- 
dict) 237 
(Folin)  156 


Urine: 

Calcium  content,  a,cid-  and 
base-forming  diets,  ef- 
fect of  (Bogert  and 
Kirkpatrick) 

380 

after  calcium  lactate 

(Bogert    and    McKiT- 
trick)  363 

magnesium  citrate 

(Bogert    and    McKit- 
trick)  363 

,  butter  fat,  effect  of 

(Bogert  and  Trail) 

387 
—    — ,     yeast,     effect    of 
(Bogert  and  Trail) 

387 
Cat,    after    milk    feeding 
(Pucher  and  Cori) 

567 
— ,     bicarbonate     content 
after  milk  diet  (Pucher 
and  Cori) 

567 
Cystine,   determination  of 
(Looney)  171 
Formic  acid,  estimation  of 
(Benedict  and  Harrop) 
■143 
,  occurrence  of  (Bene- 
dict and  Harrop) 

446 
Magnesium   content   after 
butter        fat        feeding 
(Bogert  and  Trail) 

753 

—  —  —  calcium  lactate 
(Bogert  and  McKit- 
trick)  363 

niagncsium  citrate 

(Bogert    and    ^SIcKit- 
trick)  363 

—  —  —  yeast  feeding 
(Bogert  and  Trail) 

753 
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Unne—mnt  in  ued: 

Phosphorus  content  after 
butter  fat  feeding 
(BoGERT  and  Trail) 

753 
—   —    —    yeast   feeding 
(BoGERT  and  Trail) 

753 
Rabbit,  composition,  fast- 
ing,   effect   of    (Under- 
bill and  Kapsinow) 

718 
Reaction     and     ammonia 
excretion  (Hubb.uid  and 
Munford)  470 

Volmne  and  ammonia  ex- 
cretion (Hubbard  and 
Munford)  470 


Vitamine : 

Calcium  assunilation,  ef- 
fect on  (BoGERT  and 
Trail)  387 

Dosage  in  relation  to 
growth  (Osborne  and 
Mendel)  739 

Vitamine  A: 

Lard  content  (Mallon 
and  Clark)  763 

Vitamine  B : 

Nutrition,  role  in  (Os- 
borne and  Mendel) 

739 

Yeast  as  source  of,  for 
rats  (Kennedy  and 
Palmer)  217 

— ,  sj-nthesis  by  (Mac- 
Doxald)  243 

W 
Water: 

Blood  concentration,  ef- 
fect on,  after  water  de- 


Water — continued: 

privation      (Underhill 
and  IvAPsiNOw) 

459 
Deprivation      and      blood 
concentration  in  the  rab- 
bit     (Underhill      and 
Roth)  607 

X 

Xylose : 

Carbon  dioxide  production 
from,  by  Aspergillus 
niger  (Peterson,  Fred, 
and  ScHinDT)  27 

•  —  from,  by  Penicil- 

lium  glaucum  (Petersox, 
Feed,  and  Schmidt) 

29 

Fermentation  by  molds 
(Petersox^,  Fred,  and 
Schmidt)  21 

Mold  growth  produced 
from  (Peterson,  Fred, 
and  Schmidt) 

25 


Yeast : 

Calcium  metabolism,  ef- 
fect on  (Bogert  and 
Trail)  387 

Dosage  and  growth  (Os- 
borne and  Mendel) 

739 

Metabolism,  inorganic,  ef- 
fect on  (BoGERT  and 
Trail)  753 

Vitamine  B,  source  of,  for 
rats  (Kexxedy  and 
Palmer)  217 

—  — ,  synthesis  of  (Mac- 
Donald)  243 
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